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SUBJECT: Sahel Water Data and Management III Project 625-0973
 

PROBLEM: Your approval is requested for a grant which totals
 
$9,000,000 for the Sahel Water Data and Management III project
 
(625-0973). Of this total $3,500,000 is from Section 121 of the
 
FAA of 1961, as amended, the Sahel Development Program
 
appropriation; $5,000,000 is from reobligated Sahel Development
 
Program appropriation; $500,000 is from authorized, but unfunded
 
Mission buy-ins. These Mission buy-ins are also Sahel
 
Development Program appropriation. It is planned that a total
 
of $3,050,000 will be obligated in FY 1987, which will include
 
$1,500,000 of re-obligated monies.
 

DISCUSSION:
 

I. Background
 

A plan to assist the Sahel countries strengthen their
 
agrometerorological and hydrological services was initiated by a
 
1973 resolution of the Permanent Interstate Committee for
 
Drought Control in the Sahel (CILSS). In 1975, a multi-donor
 
mission recommended a 15-year program, entitled AGRHYMET
 
(Agriculture, Hydrology, Meteorology), divided into three phases
 
of approximately five years each. Phase I (1975-81) created the
 
AGRHYMET Regional Center in Niamey and strengthened the national
 
agro-meteorological/hydrological services and linked them to a
 
regional network. Phase II (1982-86) saw the installation of
 
the national and regional computer systems, continued training
 
and the initiation of operational data collection, aiialysis and
 
diffusion. Phase III (1987-91) representing the current
 
activity under consideration for A.I.D. support, proposes to
 
complete an operational crop/rangeland monitoring system
 
(including provision of NOAA AVHRR satellite imagery) and to
 
begin provision of useful data to end-users (farmers, herders,
 
national decision-makers) so as to have a positive impact on
 
agricultural production and numerous other national development
 
concerns. This phase will place increased attention on
 
national-level operations (including the national
 



interdisciplinary working groups). It should also witness a
 
progressive shift from expatriate to Sahelian technical
 
assistance and a progressive shift from donor to Sahelian
 
responsibility for the costs of the system. To date, A.I.D. has
 
focused its $13 million contribution during Phases I and II
 
essentially on the support of the computer system (hardware,
 
training, technical assistance).
 

A special A.I.D. evaluation in late 1985 found the AGRHYMET
 
Program globally on-track in relationship to its initial
 
expectations and noted strong support for the continued A.I.D.
 
involvement as represented by this Phase III authorization
 
request.
 

-
The puipt of SWDMP III, as in previous phases is to support
 
the development of a regional system, including national
 
elements, which will record, process, interpret, transmit,
 
disseminate and document timely, accurate and meaningful

weather, climatic and hydrological information in the Sahel.
 
The project will fund activities in data processing anC remote
 
sensing through a major technical assistance contract, selected
 
equipment and training and, as an 
interim measure, a nine-month
 
extension of the existing National Oceanic and Atmospheric

Administration (NOAA) PASA agreement, in achieving these
 
objectives.
 

Conceptually, SWDMP III support two focii of A.I.D.'s strategy

in the Sahel region: a) data processing assistance to AGRHYMET
 
will lead to improved data and analysis in support of
 
agricultural production, a theme central to the RDSS; b) remote
 
sensing assistance will lead to an advanced local system of crop

monitoring, itself closely linked to RDSS food security
 
objectives and A.I.D.'s priority requirement to generate early

warning information on impending food shortages in the region.
 

There are numerous potential beneficiaries of the Sahel Water
 
Data Network and Management III Project, through the key support
 
it offers the AGRHYMET Program. Among the beneficiaries are the
 
farmers who comprise 65% of the total population. Second,
 
benefits accrue to scientists and technicians associated with
 
the project through increased knowledge, competence and
 
capabilities gained as a result of data generation and storage,

training and research. Host countries and their citizenry

benefit as a result of the rational, economic and productive use
 
of water resources as well as an increased institutional
 
capability to provide ancillary services to other sectors of the
 
economy. The principal outputs of the project are: a) a
 
reliable and cost-effective data processing system; b) usable
 



remote sensing products which are available at the national and
 

regional levels; c) national and regional staff trained in
 

hardware maintenance and remote sensing methods; d) selected
 

improvements in national communication links.
 

II. Financial Summary
 

A.I.D.'s first year obligation is $3,050,000. Life-of-Project
 
funding is $9,000,000, including a total of $500,000 of
 

authorized, but unfunded Mission buy-in.
 

Estimated Budget ($000)
 

FY 1987 LOP
A.t.D. 


-Technical Assistance 1,253 2,616
 
732 2,529
-Commodities 
-- 1,173-Training 


-Other 1,065 2,682
 

9,000
TOTAL 3,050 


AGRHYMET Project Phase III costs are estimated at $42.0 million,
 

of which A.I.D.'s contribution is $9.0 million. CILSS member
 
countries will contribute some $5.0 million and an estimated
 
$28.0 million will come from the United Nations Development
 
Program (UNDP), Italy, The Netherlands, E.E.C., France and
 
Belgium.
 

III.Project Analyses
 

The project has been reviewed and found to be feasible based on
 

economic, technical, financial, institutional and social
 
soundness analysis conducted in conjunction with Project Paper
 
design.
 

This activity meets the criteria for Categorical Exclusion in
 

accordance with Section 216.2 (c) (2) (iii). See Annex E of the
 
PP.
 

IV. Implementation Plan, Conditions and Covenants
 

The Project Paper contains implementation and procurement
 

planning which is realistic and workable. Arrangements have
 
also been made for monitoring the execution of implementation
 
planning and evaluating the attainment of project objectives,
 
including longer-term sustainability.
 



In addition to the standard conditions precedent to
 
disbursement, special covenants will be added to the Project

Agreement which will require (a) that a special AGRHYMET Program
 
management study will receive timely and substantive review by

all donors; (b) that subsequent annual reviews of AGRHYMET
 
performance will be made with reference to the program
 
management objectives generated therein; (c) that Sahelian
 
personnel will be provided under CILSS funding as agreed to by
 
AGRHYMET and the donor coordinating committee (CAC).
 

The statutory checklists have been satisfactorily completed and
 
are included in Annex F of the Project Paper. Pursuant to
 
Section 121(d) of the Foreign Assistance Act, as amended, the
 
Mission has certified that, since Sahel Development Program

funds will not be made available to a foreign government, a
 
negative determination is approved.
 

The project design team considered the advisability of involving

Gray Amendment organizations. It concluded that the most
 
appropriate contracting procedure would be full and open

competition, with encouragement for participation of Gray

Amendment entities as prime or subcontractors in accordance with
 
Part 19 of the F.A.R.
 

No waivers are requested in this project.
 

Responsibility for A.I.D. project management of this regional

project will remain in U.S.A.I.D./Niamey and be backstopped by
 
AFR/SWA and AFR/PD/SWAP.
 

The ECPR, chaired by the Director, AFR/PD, met on May 21, 1987
 
recommended that the project be approved subject to the
 
following changes in the Project Paper: a) A.I.D. concerns
 
about AGRHYMET program objectives over time and the availability

of resources to attain those objectives will be included in an
 
upcoming management study and therefore will be annually

reviewed as part of the monitoring/evaluation plan; b) an
 
allowance of $600,000 will be included in the PP budget to fund
 
one full-time project manager to be located in
 
U.S.A.I.D./Niamey; and c) the Agency will monitor progress
 
toward resolution of telecommunication problems and re-assess
 
our formal position during the 1989 project evaluation.
 

V. Justification to Congress
 

A Congressional Notification was forwarded to the Congress on
 
May 29, 1987 and the waiting period expired on June 13, 1987
 
without objection.
 



VI. Recommendations
 

That you sign the attached Project Authorization thereby
 

approving life-of-project funding of $9,000,000 for the Sahel
 

Water Data and Management III (SWDM III) Project.
 

Attachments
 

1. Project Authorization
 
2. Project Paper
 

Clearances:
 

. Date -&146AFR/SWA:PDichter 

Date 6/16/87
AFR/PD/SWAP:NMcKay draft 


_ Date
AFR/DPJPattersonf_ 

Date
GC/AFR:PJohnson 


AFR/CONT:RKing ° 2.b- Date 
Date
AFR/PD:AHarding 


o DSER/AAM/OS :SDean )tDate 

AFR/PD/CCWAP:JCha1"J r dsky:jbt:6/18/87:647-9067:3322K
 



ATTACHMENT 1: PROJECT AUTHORIZATION
 



AGENCY FOR INTERNATIONAL DEVELOPMENT 
WASHINGTON. D.C. 20523 

PROJECT AUTHORIZATION
 

Name of Country/Entity: Sahel Regional
 

Name of Project: Sahel Water Data and
 
Management III
 

Number of Project: 625-0973
 

1. Pursuant to Section 121 of the Foreign Assistance Act of
 
1961, as amended (the "Act"), I hereby authorize the Sahel
 

Regional Water Data and Management III project, involving
 

planned obli ations not to exceed Nine Million United States
 

Dollars (US $9,000,000) in grant funds ("Grant") over a five
 

year period from date of authorization, subject to the
 

availability of funds in accordance with the A.I.D.
 

OYB/allotment process, to help in financing foreign exchange
 

and local currency costs for the project. The planned life of
 

the project is five years from the date of initial obligation.
 

2. The project ("Project") consists of support for the
 

development of a regional system, including national elements,
 

which will record, process, interpret, transmit, disseminate
 

and document timely, accurate and meaningful weather, climatic
 

and hydrological information in the Sahel.
 

3. The Project Agreement(s) which may be negotiated and
 

executed by the officer(s) to whom such authority is delegated
 

in accordance- with A.I.D. regulations and Delegations of
 

Authority, shall be subject to the following terms, covenants
 

and major conditions, together with such other terms and
 

conditions as A.I.D. may deem appropriate.
 



a. Source and Origin of Commodities; Nationality of
 
Services
 

(1) In accordance with the policy set forth in
 
A.I.D. Handbook 1, Supplement B, Chapter 16, Section
 
16C3a(2)(b), the procurement and audit practices and policies
 
of the World Meteorological Organization ("WMO") will apply to
 
commodities and services procured by the WMO.
 

(2) Commodities procured by A.I.D. under the
 
Grant shall have their source and origin in the United States
 
or the Cooperating Countries, except as A.I.D. may otherwise
 
agree in writing. Except for ocean shipping, the suppliers of
 
commodities or services procured by A.I.D. shall have the
 
United States or the Cooperating Countries as their place of
 
nationality, except as A.I.D. may otherwise agree in writing.
 
Ocean shipping financed by A.I.D. under the Grant shall be
 
financed only on flag vessels of the United States or the
 
Cooperating Countries, except as A.I.D. may otherwise agree in
 
writing.
 

b. Condition Precedent to Disbursement
 

Prior to any disbursement, or to the issuance by A.I.D.
 
of commitment documentation pursuant to which disbursement may
 
be made, WMO shall submit to A.I.D., in form and substance
 
satisfactory to A.I.D., evidence that the funding for country
 
commitments from CILSS and other donors necessary to carry out
 
this Project have been received.
 

c. Covenants
 

The Project Agreement(s) shall contain covenants
 
substantially as follows:
 

(1) The results of the AGRHYMET Management Study

agreed to at the May 15, 1987, meeting of the AGRHYMET
 
Coordinating and Advisory Committee ("CAC") will be made
 
available to all CAC members no later than January 1, 1988, and
 
the final version of the AGRHYMET Management Plan will be
 
formally submitted to A.I.D. upon completion of review and
 
approval by the CAC.
 

(2) The CAC will annually review the status of
 
AGRHYMET performance in relation to its avowed objectives, as
 
expressed by its Management Plan and will conduct a
 
comprehensive performance review in 1990, following completion
 
of an in-depth A.I.D. evaluation currently scheduled for July,
 
1989.
 



(3) The Sahelian personnel to be provided with
 
CILSS funding will be provided as agreed by AGRHYMET and the
 
CAC.
 

Clearances:
 

AFR/SWA:P.Dichter (draft) 

AFR/PD/SWAP:B.Burnett (draft) 

AFR/DP:J.Patterson J.Govan for 

AFR/CONT:R.King C.Rattan for 

AFR/PD/CCWAP:J.Hradsky,yIM 

AFR/PD:C.Peasley J.Graham for\ 


2229H
 

E warf L. Saiers
 
Acting Assistant Administrator
 

Bureau for Africa
 

JA 2lw
 

Date 7/14/87
 
Date 7/23/87
 
Date 7/14/87
 
Date 7/21/87
 
Date -if7 7
 
Date 7/23/87
 

GC/LAC,PGJo tim:2July87:647-9218
 



ATTACHMENT 2: PROJECT PAPER
 



DO'K EN1. TRANSACON OWE 
N T OWE0VtELOPI"a I t AdeGEi9NCY FOIW |N W ATM1NALD 

LD D InDPROJECT DATA SHEET 
s.2.u'o r ?PW1hUER 

62-0973
Sahe 1Regional 


4. BURL 'UlOF N1CE 

1 ahel Water Data & Management TTT 
AFR/SWA {06-


6A.Z OFoi 05lOUGAflON
F. PROJECT ASSISTANCE COLETION DATE (PACD) 

((der b ommwr. 23D.orY) 

YYDD A. FY L"i &.QumatEJ c. ial FYVI 
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TOTALS 12,050 1,000 13,050 38,000 

9. SCHEDULE OF AID FUNDING ($000) 

F. LIFE OF PROJECTLA. C. PRLMARY OBLIGATIONS TO DATE E. AMOUNT APPROVED 

A. APPR PRIMARY TAOCLIGATDENTSIS DAION t "CODITH-"ISLoan1. 

PRIATION PURPOSE 2. Loan.
2. Loam .GrantCODE I.Grant 2. Loan 1. Grant 
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(4) ___________ 
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develop a regional system, including national elements, 
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accurate and meaningful weather and climatic 
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timely, 
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ABBREVIATIONS AND ACRONYMS
 

AID, USAID 


AISC 


ARC 


CAC 


DEC 


FAO 


GIS 


IRR 


MBO 


MS DOS 


MWG 


NAC 


NOAA 


NPV 


NVI 


NWS 


PC 


PID 


PP 


PTT 


SWD&M III 


UNDP 


WMO 


United States Agency for International
 
Development
 

Assessment and Information Services Center
 

of NOAA
 

AGRHYMET Regional Center in Niamey
 

Coordinating and Advisory Committee of AGRHYMET
 

Digital Equipment Corporation
 

United Nations Food and Agriculture
 
Organization
 

Geographic Information Systems
 

Internal Rate of Return
 

Management By Objectives
 

MultiSoft Disk Operating System
 

Multidisciplinary Working Group
 

National AGRHYMET Center
 

National Oceanic and Atmospheric Administration
 

Net Present Value
 

Normalized Vegetation Index-


National Weather Service
 

Personal Computer/Microcomputer
 

Project Identification Document
 

Project Paper
 

Postes, Telephones et Telegraphes
 

Sahel Water Data and Management III Project
 

United Nations Development Program
 

World Meteorological Organization
 



TABLE OF CONTENTS
 

Page
 

I. PROJECT DESCRIPTION ........ 	 .............. 1
 

A. 	 Summary and Recommendations ... .. ......... 1
 

B. 	 Design of the AID Project ...... ........ 9
 

C. 	 Major Program Design Issues
 
and Their Resolution .... ............ .. 16
 

D. 	 Relationship to RDSS and
 
Development Priorities ...... ........... 29
 

II. FEASIBILITY ANALYSES ..... ............... . 31
 

A. 	 Technical Analysis .... .............. . 31
 

B. 	 Financial Analysis .... .. ............ . 41
 

C. 	 Institutional Analysis ... ............ .. 47
 

D. 	 Socioeconomic Analysis ... ............ .. 49
 

F. 	 Environmental Analysis ... ............ .. 56
 

III. 	 IMPLEMENTATION ....... .................. 57
 

A. 	 Implementation Plan .... ............. . 57
 

B. 	 Procurement Plan ........ .............. 57
 

C. 	 Transition from Phase II
 
to Phase III Contractor ... ........... .. 62
 

D. 	 Monitoring/Evaluation Plan .. .......... .. 66
 

IV. CONDITIONS, COVENANTS AND NEGOTIATING STATUS . . . 70
 

ANNEXES
 

A. 	 LOG FRAME
 
B. 	 TECHNICAL ANNEX
 

Data Processing Component
 
Remote Sensinq Component
 
Agricultural Annex
 

C. 	 INSTITUTIONAL ANNEX
 
D. 	 ECONOMIC ANNEX
 
E. 	 IEE
 
F. 	 STATUTORY CHECKhIST 
G. 	 611(e) 

H. 	 HUMAN RIGHTS CLEARANCE 
I. 	 METHODS OF IMPLEMENTATION AND FINANCING 



I. PROJECT DESCRIPTION
 

A. Summary and Recommendations
 

1. Background
 

Since the early 1970s, the eight member states of CILSS
 
(Comite Inter-Etat pour la Lutte Contre la Secheresse au
 
Sahel) have faced severe recurrent drought, with adverse
 
impacts on agriculture, livestock and economic growth. Popu
lations throughout the region have suffered from deteriorating
 
nutritional status, growing physical hardship in the effort to
 
extract diminishing returns from the severely taxed Sahelian
 
resource base, and from sometimes major social transitions
 
caused by outmigration, persistent economic insecurity and the
 
"marginalization" of many rural production systems. Those
 
living in the most arid zones have been particularly hard hit,
 
with the good 'years no longer sufficient to offset the long
term effects of the downswings.
 

Among the dislocations in the Sahel over the past one
and-a-half decades, food insecurity is one of the most costly,
 
both in financial and human terms. The cost of food imports
 
and emergency distribution far exceeds the cost of food pro
duction. In human terms, food shortage has caused enormous
 
suffering, leaving especially deep and potentially long-last
ing scars on children under five. In development terms, all
 
long-term objectives are threatened when basic human needs go
 
unmet.
 

AGRHYMET* was established in 1975 by the Heads of State
 
of the CILSS countries in response to this crisis. Its man
date was to support increased food production in the Sahel by
 
providing national planners and researchers with timely
 
weather and climatic data, and with "better knowledge as to
 
cyclical events and their impact on water, soils, vegetation
 
and crops." This was to be done by establishing a regional
 
information system composed 'of interdisciplinary working
 
groups in each CILSS country (drawn from meteorological,
 
agricultural and hydrological services), with a regional
 
information processing and training center in Niamey, Niger.
 
The Executing Agency for the AGRHYMET Program is the World
 
Meteorological Organization (WMO) in Geneva. The organiza
tional structure of the Droaram is shown in Fiaure I.l.
 

*The distinction is made throughout this document between
 

the AGRHYMET Program, which refers to the overall multi-donor
 
and multi-country AGRHYMET system, and the AGRHYMET Project
 
(or Sahel Water Data and Management Project), which refers to
 
that portion of tfe program funded by USAID.
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AGRHYMET was to be completed in three five-year phases:
 

Phase I
 
1975-81: 	 Creation of the AGRHYMET Regional
 

Center (ARC) in Niamey. Strengthen
ing of national agrometeorological
 
and hydrological services and net
works; training of Sahel specialists
 
both regionally and nationally.
 

Phase II
 
1982-86: 	 Implementation of operational activi

ties to collect, classify and analyze
 
data; publication of periodic bulle
tins; installation of national
 
computer systems; on-going training.
 

Phase III
 
1987-91: 	 Provision of useful data to end

users; strengthening of national
 
interdisciplinary working groups;
 
on-going shift in technical responsi
bility from expatriate to Sahelian
 
staff, and of financial responsibil
ity from donor to CILSS governments.
 

AID has provided support to AGRHYMET through the Sahel
 
Water Data and Management Project, begun in FY '77. Phase I
 
U.S. funding amounted to $6,280,000, of a total $24 million in
 
donor funding.- Phase I[ AID funding was at $7 million, out of
 
an estimated $45.3 million in donor contributions. Phase III
 
will include a U.S. contribution of $9 million out of a total
 
$38 million.
 

To date, AID's funding has been provided through a PASA
 
agreement with the National Oceanic and Atmospheric Adminis
tration (NOAA), focusing on provision of computer hardware and
 
software, technical assistance to operate and maintain this
 
equipment, and technical training. AID has provided further
 
technical assistance, not directly funded under the Sahel
 
Water Data and Management Project, through the NESDIS division
 
of NOAA. This assistance has been for the preparation of crop

yield forecasts through the growing season, and for training
 
in forecasting and data analysis.
 

Relative to the outputs expected of it in the first ten
 
years, AGRHYMET appears to be on or near schedule. An addi
tional major accomplishment of Phases I and II was to have
 
been preparation for Phase III objectives of providing infor
mation to end-users and of beginning the transition to full
 
Sahelian operation and control.
 



If successful, AGRHYMET appears to 
offer four potential

contributions to Sahelian development:
 

Early Warning: A computerized information
 
gathering and processing system for crop condi
tion assessment, which in turn is 
an important
 
component of an Early Warning System for local
ized food deficits in the region. Although the
 
current state-of-the-art suggests that there
 
are reasons for which it is not possible to do
 
biophysical yield forecasting, it is possible

to assess vegetation vitality, 
and to make
 
important inferences about yield forecasting.
 

Crop/Livestock Improvement: 
 An input for
 
improved agricultural production and livestock
 
system management, through collection, 
trans
mission, processing and analysis of consistent
 
and reliable meteorological and hydrological
 
data.
 

Statistics: A major source of agricultural and
 
agrometeorological statistics 
 in the Sahel.
 
Recent developments in remote sensing technol
ogy also open the possibility that satellite
 
monitoring may 
soon be capable of providing
 
accurate, timely and geographically-specific
 
rainfall estimation.
 

Improved Decision Making: A tool for 
other
 
forms of private and governmental decision
 
making in fisheries, transportation, forestry
 
and other sectors.
 

2. Key-Issues Underlying Project Design
 

AGRHYMET is 
a fifteen year program, involves at least ten

major donors and international organizations, nine Sahelian

countries and over twenty 
national agencies, and will yield

benefits over several decades. In a program of this complex
ity, especially as it enters the final phase of major donor

funding, it is essential to articulate the long-term objec
tives 
to be served by each donor contribution, and to assure

that together they fit within 
a coherent regional development

strategy. The two overriding principles applied in this

project design are 
feasibility and sustainability. These are

discussed in Section II.A. 
 To be feasible, a proposed initia
tive must be 
technically viable given existing technologies

and institutional 
structures, and all complementary inputs

(including from other donors) must be 
available or committed.
 
To be sustainable, initiatives create cost
must recurrent 

streams (for both 
financial and human resources) which can be
 
sustained with minimal donor assistance after 1991.
 



These concepts underlie all elements of project design,
 
but are discussed in particular detail in Sections II.A, II.B
 
and II.D. Their major implications for project design are
 
summarized below:
 

Hardware systems at all levels must move away
 
from reliance on single, central machines and
 
towards a modular approach which allows for
 
greater flexibility in system maintenance,
 
lower down times, reduced fixed and recurrent
 
costs and greater capacity to benefit from
 
rapid improvements in computer technology which
 
are likely to increase both performance and
 
reliability.
 

At the NACs, both hardware and software must
 
emphasize microcomputer technology which allows
 
low cost, easy to install, maintain and replace
 
equipment and a wide range of off-the-shelf
 
software. Not only are such systems much
 
cheaper to operate, they are compatible with
 
computer configurations being used in other
 
ministries in most Sahelian countries and are
 
likely to increase effective automation of
 
AGRHYMET national level tasks.
 

The remote sensing component should stress
 
Sahel-based operations, which will speed the
 
production and delivery of crop yield forecast
ing :.information to the national centers, com
plement efforts underway by other donors and
 
place greater emphasis on understanding, inter
preting and presenting satellite data in a form
 
which is most useful both to the NACs and to
 
other downstream users, such as drought relief
 
agencies and national and inter-donor planning
 
organizations.
 

3. 	 Summary of the Project
 

Goal 	and Purpose of the AID Project
 

The goal of the Sahel Water Data and Management III
 
Project is to contribute to food self-sufficiency in the Sahel
 
through:
 

o 	 A steady production of agriculture-related
 
research, recommendations, tested practices and
 
improved production methods.
 



Adoption of improved practices developed

through the use of AGRHYMET-generated data on
 
weather, climate, hydrology and related issues.
 

The specific sub-goal of the project is to strengthen the
 
capacity to perform agrometeorological and hydrological data
 
collection and analysis in the Sahel.
 

The purpose of the project is to support the development
 
of a regional system, including national elements, which will
 
record, process, interpret, transmit, disseminate and document
 
timely, accurate and meaningful weather, climatic and hydro
logical information on the Sahel.
 

The SWD&M III Project will have a recommended funding

level of 
$9 million, which includes a $500,000 allowance for
 
Mission "buy-ins" (see Section II.B). It will have two 
prin
cipal components:
 

Provision of hardware, software, technical
 
assistance and training to improve the effi
ciency of the data processing system (including
 
some telecommunications elements) and to allow
 
its continued operation and maintenance through
 
1991.
 

Provision of software, technical assistance- and
 
training to establish and make operational a
 
viable system for analyzing and interpreting
 
remote sensing satellite data, for further
 
developing methodologies in this area and for
 
transferring remote sensing/crop yield fore
casting skills to Sahelian staff at the ARC and
 
NACs.
 

These components, currently provided by NOAA/NWS and
 
NOAA/NESDIS under two separate PASA agreements, will be man
aged by a single technical assistance contractor during
 
Phase III.
 

Table I.1 summarizes the proposed AID inputs for
 
Phase III of the project. Detailed budgets are provided in
 
Section II.B and in the Technical Annex (Annex B). A detailed
 
implementation plan is shown in Section III.A.
 

In summary, the data processing component will provide

54 person-months of local hire technical assistance for logis
tics and inventory management, and 54 person-months of Sahel
ian (AID-funded) administrative/logistics staff. In addition,

this component will train ARC and NAC personnel via short
 
courses in computer maintenance, electronic maintenance and
 



Table 1.1
 
SUMMARY OF PROJECT COSTS
 

REMOTE SENSING COMPONENT
 

Long Term Technical Assistance 

O/S Allowances, Educ, Housing, Etc 

Travel and Per Diem 

Training 

Consultants 

Other Direct Costs 


Subtotal 


DATA PROCESSING SYSTEM COMPONENT
 

Long Term Technical Assistance 

O/S Allowances, Educ, Housing, Etc 

Travel & Per Diem 

Consultants 

ARC Logistics 

NAC-Logistics 

Telecommunications 

Training 

ARC New Equipment 

NAC New Equipment 


Subtotal 


U.S. PROJECT MANAGEMENT AND SUPPORT
 

U.S. Management/Support Labor 

U.S. Management/Support 


Subtotal 


OTHER
 

Contingency 

Mission Buy-Ins 

Special Studies (MBO, Remote Sensing) 

NOAA Phase II Extension 

USAID/Niamey Project Management 


Total 


ROUNDED TO: 


$458,023 
$798,988 
$264,138 
$597,758 
$164,947 
$166,066 

$2,049,920 

$324,105 
$0 

$158,181 
$620,000 
$250,000 
$390,000 
$220,000 
$575,000 
$968,000 
$701,000 

$4,206,286 

$369,184 
$79,950 

$449,134 

$200,000 
$500,000 
$80,000 

$900,000 
$600,000 

$8,985,340 

$9,000,000 



software development. Because several ARC personnel requiring

degree programs for maintenance of VAX systems have already

been trained, 
further training will primarily focus on the

lower level skills needed to 
carry out maintenance of micro
computer technology and to develop application programs using

preexisting database, spreadsheet, mapping and other off-the
shelf packages available for microcomputers. Refresher
 
courses 
will be offered to ARC technicians for maintenance of
 
the VAX 780 and minicomputers.
 

Finally, the data processing component will provide the
 
following categories of equipment to 
the ARC and NACs: at the
ARC, up to four minicomputers to back up and eventually

replace the existing VAX 780, plus associated software, peri
pherals and parts, well several
spare as 
 as MS DOS-based
 
80286-based microcomputers (with software) and, finally, the
 
interfaces necessary to link 
VAX and MS DOS systems; at the
NACs, several 30286-based microcomputers, plus associated

software, peripherals, spare parts and communications equip
ment. 
Also at the nationaa level, the project provides for up
to forty Single Side Band Radios (plus spare parts) to facili
tate internal telecommunications for reporting field data.
 

The remote sensing component will provide 36 person
months of 
expatriate technical assistance for satellite data
 
use methodology development and crop yield assessment, 42 per
son-months of expatriate 
technical assistance for satellite
 
data analysis and interpretation programming 
and 31 personmonths of short-term technical assistance in crop yield fore
casting and related activities. In addition, this component

will train 15 -NAC and ARC staff per year for each of the five
 
years (this training will require a further 21 months 
of
short-term consultants/trainers) , plus a limited amount of 
software for remote sensing analysis. All of the hardware andmost of the software needed for this component are funded
under the data processing component. 

The home office management/support will provide for

18 person-months 
of a U.S. project manager, 16 person-months

of U.S. support/procurement 
staff and 18 person-months of a

U.S. administrative assistant. The 
home office management

will support all field activities for both components.
 

Implementation of SWD&M III
the project presupposes the

availability of 
a certain number of CILSS-funded Sahelian

staff members at the ARC. 
 These individuals have been identi
fied by 
the ARC as being available. Their availability is a
 necessary precondition for 
project execution. Requirements

for CILSS-funded Sahelian staff are as 
follows:
 

computer trained by NOAA in 
U.S.-based training programs, to serve as the 
core of a regional maintenance and support 

Three technicians 




capability. From this group, one specialist
 
will be selected to replace the expatriate data
 
processing system manager in the course of
 
Phase III.
 

At least two full-time specialists to work with
 
the AID-supplied agrometeorologist and computer
 
programmer and with French remote sensing
 
experts to produce ten-day crop yield assess
ments using satellite data received and pro
cessed at the ARC.
 

Secretarial and administrative support to
 
AID-supplied specialists working at the ARC.
 

Table 1.2 summarizes all personnel requirements (in
 
person-months), by year.
 

B. Design of the AID Project
 

1. Structure and Strategy
 

Two areas of AID support are recommended:
 

Continued support to the data processing sys
tem.
 

Provision of technical assistance to interpret
 
AVHRR satellite data received at the ARC, and
 
to refine and transfer satellite data analysis
 
methodologies to the staff of both the regional
 
center and the national centers.
 

The strategy underlying the project design is built upon
 
two concepts: feasibility and sustainability.
 

Feasibility is interpreted to mean that first, each
 
component of the AID project is technically proven and, sec
ond, that all complementary inputs required are identified,
 
feasible and already funded.
 

Sustainability refers essentially to recurrent costs.
 
The term "recurrent costs" itself encompasses several con
cepts. Proposed options must be cost-effective, in that they
 
must provide more for the money than other alternatives. This
 
involves an implicit prioritization of desired outcomes,
 
because certain outcomes may have to be sacrificed if their
 
incremental value does not juStify Lhe inucuiuental cust.
 
Skilled manpower requirements are also an essential underlying
 
concept. Systems which require a high level of skilled man
power are likely to need costly recurrent inputs of expatriate
 



Table 1.2
 

SUMMARY OF PERSONNEL REQUIREMENTS
 
(In Person Months) 

Yr 1 Yr 2 Yr 3 Yr 4 Yr 5 Total 

A. Project Management 
(U.S. based) 

Project Manager 
Logistics/Procurement 
Admin Assistant 

3.6 
2.5 
3.6 

3.6 
3.6 
3.6 

3.6 
3.6 
3.6. 

3.6 
3.6 
3.6 

3.6 
2.7 
3.6 

18 
16 
18 

B. Data Processing 
(Field based) 

Logistics Mgr 
Admin/Support 

Short Term T.A. 

6 
6 

10 

12 
12 

20 

12 
12 

18 

12 
12 

17 

12 
12 

10 

54 
54 

75 

C. Remote Sensinq 
(Field based) 

Sat Data Programmer 
Agrometeorologist 

Short Term T.A. 
Training T.A. 

6 

4 

12 
12 

10 
5.4 

12 
12 

9 
5.2 

12 
12 

6 
5.2 

2 
5.2 

42 
36 

31 
21 

Sahelian CILSS Staff 

Data Processing 
Remote Sensing 

36 
24 

36 
24 

36 
24 

36 
24 

36 
24 

180 
120 

SUMMARY 
Total Short Term & Mgmt
Total LT Field T.A. 
CILSS LT Counterparts 

179 
186 
300 



even with
personnel for much longer than systems which do not, 


high levels of training expenditure, because independent
 

skills require both formal training and years of on-the-job
 

experience. Finally, the recurrer,- costs to be minimized are
 

not those which accrue during the life of the donor-supported
 
project, but rather after the AID project comes to an end.
 

While it is not asserted here that all components proposed for
 

AID funding can be carried out after 1991 without any donor
 

it is assumed that the prospects for obtaining onsupport, 

going funding either from other donor sources or from within
 

recurrent
national government budgets will be maximized if the 

costs are low.
 

Adherence to the twin principles of feasibility and
 

sustainability significantly alters final project design. It
 
can be noted that:
 

At the regional level, application of the
 
criteria both reduces costs and increases
 
system performance relative to the current
 
system.
 

At the national level, major reductions in
 
recurrent cost can be achieved with very little
 
loss of potential capacity. Moreover, effec
tive utilization of the system can also be
 

increased tbrough reliance on simpler, more
 
flexible and cost-effective systems.
 

Finally, application of the system feasibility
 
criterion leads to greater emphasis on the
 
local level, relative to the current system.
 

2. Inputs and Outputs for Phase III
 

The inputs for Phase III are:
 

Computer hardware, software and associated
 
maintenance.
 

Technical assistance, both in the form of
 

long-term resident specialists and short-term
 
assistance.
 

Training (short- to medium-term).
 

Manaqement and operational support.
 

a. Hardware and Software
 

During Phase III, US support will continue to provide the
 
major part of donor funding required to maintain the computer
 



system at 
the ARC and the NACs. In addition, AID will provide
upgraded computer equipment and new software, with the 
intention of putting in place modern, cost-effective data processing systems with low recurrent costs by the end of Phase III.
 

At the ARC, hardware will consist 
primarily of four
minicomputers phased in during the five year period to back up
and eventually replace the 
 existing 
 VAX 780, 80286-based
computers suitably configured (hard disk and 
high resolution

color monitors) 
to use remote sensing interpretation software,
two data 
storage disks, a serial line multiplexor, diskette
 
drives and system interfaces.
 

Software at 
the ARC will consist of multi-user operating
systems, 
 compilers and program development tools, MS DOS
support software, packaged spreadsheet, database and
processing software, image 
word
 

and processing and mapping pro
grams.
 

Hardware at NAC consist
each will 
 of an 80286-based
computer with expanded memory, 
hard disk, winchester disk,
quad density diskette drives, high resolution matrix printer/
plotter, communications channels and power supply equipment.
 

At each NAC, packaged MS DOS software plus mapping soft
ware will also be provided.
 

The hardware. and software 
described above, 
for both the
ARC and the NACs, will support the 
remote sensing component as
well as the data processing component of the proposed 
AID
 
project.
 

b. Technical Assistance
 

i) Data Processing Component
 

This component calls for one 
long-term resident technical
expert at the ARC. Sahelian ARC staff will 
provide the core
support to maintenance operations at ARC in
the and
national center. However, as 
each
 

the transition to microcomputers

progresses 
and the PDP l1/34s are phased out, reliance on
regional maintenance personnel should will
decrease. This

relieve 
 pressure on regional staff, which 
at present is
stretched too thin to 
provide adequate and timely maintenance
 
to national centers.
 

The resident technical expert 
at the ARC funded by this
project will 
be a local hire inventory management supervisor
(for 54 months). In addition, this component will fund a
local hire administrative assistant for 54 months.
 



body of short-term technical assistance
A significant 

processing component. A
will also be required for the data 


total of 75 person-months of such assistance is budgeted.
 

Experience over the past five years, and anticipated needs for
 

the coming phase suggest that the range of technical expertise
 

required is too broad to be adequately covered by a single
 
idea of a full time
resident technician. Therefore, the 


pool
resident technical manager has been replaced with a of
 

regular short term advisors. Short-term specialists, working
 

under the direction of program management, will be used to
 

provide state-of-the-art inputs in such areas as system
 

design, equipment selection, software selection, networking
 
and related fields.
 

It is also strongly recommended that some person-months
 

of short-term technical expertise be set aside for periodic
 
"outside" review of the data processing system strategy and
 

implementation approach, in order to avoid the technical
 

obsolescence which can easily occur in such rapidly changing
 

fields. This is particularly relevant because the likely
 

technical advances to be made over the next five years will be
 

in the direction of providing more powerful and user friendly
 

hardware and software at lower cost and with lower maintenance
 
change and keeping
requirements. Anticipating technology 


abreast of it will very likely reduce overall project costs,
 

and will certainly allow transfer of a more appropriate and
 

cost-effective system in 1991.
 

Short-term experts will also be required to carry out
 

data processing training programs described in section (c)
 

below.
 

ii) Remote Sensing Component
 

The remote sensing component will require 42 person

months of a resident Satellite Data Analysis Programmer and
 

36 person-months of a resident Satellite Data Use Specialist.
 
Their functions are described in detail in Section II.A.
 

In addition, 31 person-months of short-term technical
 

assistance -will be provided by U.S.-based specialists in
 

agrometeorology, statistics, satellite imagery and assessment
 
methodology.
 

Finally, a further 21 person-months of short-term experts
 

will be needed to prepare and carry out the training programs
 

for remote sensing described below.
 

iii) Telecommunications Comnonent
 

This component provides for modems, satellite equipment,
 

transceivers, PTT interfaces, upgrade of switching systems and
 

Single Side Band Radios to be supplied for local-level use in
 



transmitting meteorological data 
 from field stations to

national centers. The project will also create a 
"buy-in"

mechanism which allows AID Missions to provide Mission 
fund
ing, within the SWD&M III management structure, to purchase
additional telecommunications equipment as specific country

needs and Mission priorities dictate.
 

In addition, the project budget includes several 
months

of short-term technical assistance to 
support, if necessary,

the Italian-funded study of telecommunications options between

countries. Speed and reliability of telecommunications
 
between NACs and the ARC is a significant impediment to pro
gram efficiency and will prevent attainment of other program

goals if unresolved. This study should be 
conducted in close
 
collaboration with WMO and 
with other donors who may eventu
ally 
fund additional intercountry telecommunications capacity

for AGRHYMET.
 

c. Training
 

For the data processing system, the person-weeks of
 
recommended technical training are 
shown in the table below.
 

Potential
Type of Number of Length of Location of
 
Training Trainees Training Training
 

PC MaintenanCe 
 27 3 week4 Niamey

Software Devt 
 36 3 weeks Niamey

Minicomputers 
 6 3 months Europe

LT Training* 3 
 1 year Europe/US

Refresher Courses 
 10 1 month Niamey/Europe

User Groups 80 
 2 weeks NACs
 
(Software)


Electronics, etc. 
 10 2 months Niamey/Europe

GIS/Cartography 10 6 weeks Niamey
 

*To be funded via NOAA PASA.
 

For the remote sensing component, one training program

per year will be offered for each of the five years. Each
 
training session include maximum
will a 
 of 15 participants

from the NACs and ARC, and will be subject to strict selection
 
criteria. Training in the first two years will be held in the

United States (in French), and in each subsequent year in

Niamey. Selected trainees from the first two will
sessions 




serve as instructors (working with expatriate t.aining staff)
 

in the last three annual sessions. At such time as a final
 

decision is made regarding the location of training, a waiver
 

for 935 training will be sought if appropriate.
 

The principal outputs of the projects are:
 

For the data processing system, an efficient,
 
fully operational system of hardware, software,
 
peripherals and communications links which is
 
adequate for all system data processing
 
requirements and is reliable and cost effec
tive.
 

For the remote sensing component, processed
 
Satellite images, statistical and graphical
 
interpretation packages provided to NAC's, and
 
regularly produced vegetation indices and other
 
crop condition assessment indicators.
 

Traiied staff in computer maintenance software
 
development, electronics and other equipment
 
maintenance; up to seventy five Sahelian NAC
 
staff members trained in remote sensing rmethods
 
and interpretation.
 

Improved national communication links via
 
provision of SSB radios in each country.
 

3. Critical Assumptions
 

The belief that the proposed Phase III AID project can be
 
successfully implemented is premised on several critical
 
assumptions. These assumptions are organized below under the
 
following headings: "Within the 
side the AGRHYMET Program." 

AGRHYMET Program" and "Out-

Within the AGRHYMET Program: 

That France will carry through on its commit
ment to construct the AVHRR receiving station
 
in Niamey, and will provide the technical
 
expertise necessary to receive the data and put
 
it on diskette in a form which is compatible
 
with the NOAA/AISC format.
 

That trained Sahelians as specified in
 
Table 1.2 are currently available to work with
 
the proposed remote sensing agrometeorologist
 
and software specialist in order to produce
 
regular bulletins based on the AVHRR data, and
 
with the data processing Technical Manager to
 
support the AGRHYMET computer system.
 



That WMO and the AGRHYMET Program management

will take the lead on redefining the program

objectives to put the agricultural production
 
objective in proper focus.
 

That UND3 funding at each national level pro
gram will be sufficient to maintain base opera
tions of data acquisition, collection and
 
analysis.
 

Given the April, 1987 CAC meeting in Rome, there would
 
appear to be sufficient progress on each of the above points
 
to allow AID funding to proceed as scheduled.
 

Outside the AGRHYMET Program
 

The critical outside assumption for the program to be
 
economically viable is that the agricultural research commu
nity in the Sahel will, over the next fifty years, make impor
tant advances *in research based on imprc'!ed climatological

data and information, and that agricultural extension communi
ties will be able to reach 15-20% of Sahelian farmers with
 
such improvements in the coming decades. As the economic
 
analysis shows, the program will be economically viable even
 
with a very slow initial adoption rate, which is thought to be
 
conservative.
 

Having lierformed the analysis, however, it may be
 
extremely difficult, even in hindsight, to determine if the
 
percentage of-the increased yields brought about in 
the Sahel
 
attributable to agrometeorological and climatological informa
tion is sufficient to justify the program. Prospectively, it
 
can certainly be judged that AGRHYMET generated will
data 

increase the chances that agricultural productivity increases
 
will be developed and implemented.
 

C. Major Program Design Issues and Their Resolution
 

1. AGRHYMET Program Objectives
 

The terminology 
used to define the mandate of the
 
AGRHYMET Program is not as precise as the terminology used in
 
USAID project designs. Specifically, AID makes the distinc
tion between "Goal" and "Purpose," the former being the over
all aim to be supported by the program and the latter being

the operational objectives to be achieved. In the 
initial
 
mandate defined by Heads State CILSS
the of of member coun
tries in 1974, the development goal to be supported was
 
increased food security in the Sahel via long-term contribu
tions to increased agricultural production in the region. The
 
specific objectives were to collect, analyze and disseminate
 



agrometeorological and hydrological data which could be used
 
to strengthen rural production systems in the region (includ
ing agriculture, herding and other current or potential pro
ductive activities) and to provide early warning of crop
 
yields in a given year.
 

Over time and with the worsening food situation in the
 
Sahel, the development aim of the project (increased food
 
production and security) and its operational objectives have
 
sometimes been given equal status as program "objectives."
 
While most documents continue to make the appropriate distinc
tion between "development objectives" and "immediate objec
tives," some do not, and many donor and national participants
 
appear to have failed to realize the importance of the dis
tinction. In every country visited by the Project Paper 
Design Team (with the exception L Niger), responsible members 
of UNDP, AID and National Government staffs expressed at least 
some disappointment that there were no agricultural production 
increases to which the AGRHYMET program could point after ten 
years of operation. In AID terms, the "goal" was treated as 
though it were the "purpose." In all cases observed by the 
Team, the more senior the commentator, the less sharply the 
distinction between goal and purpose was drawn. 

Not surprisingly, this widespread interpretation of the
 
program purpose has led to increased emphasis on agricultural
 
production increases as an immediate objective. This appears
 
to be having the following effects:
 

Both donors and national participants are
 
confused about what the program should attempt
 
to do.
 

There is a shift in funding flows, with a
 
higher proportion of financial resources going
 
towards production-related activities (the
 
Department of Agrometeorological Applications,
 
the pilot projects, efforts to transmit real 
time information to farmers, etc.). 

Human resources at the meteorological and 
hydrological services have been increasingly
 
allocated towards directly agricultural
 
efforts, and these services are under increas
ing pressure to cross institutional lines into
 
agricultural production/extension. Despite
 
sometimes excellent efforts, this task may be
 
inappropriate in the long-run.
 

The AGRHYMET system is being widely judged by
 
the wrong criterion: direct impact on food
 
production. The timeframe against which this
 
criterion is applied is consequently far
 



shorter than is realistic, with little appreci
ation of how consistent agrometeorological and
 
hydrological data can contribute 
to the long
term development of the region.
 

The AGRHYMET system itself has responded to the
 
pressure for visible production impacts by

justifying its existence in those terms.
 
Therefore, by consensus between 
funders and
 
recipients, the program 
is being judged too
 
strongly against a criterion which, when
 
applied, reasonably gives AGRHYMET lower prior
ity than other projects which have more
a 

direct and immediate production impact.
 

The "operational of
phase" AGRHYMET -- as
 
Phase III is intended to be -- is widely inter
preted as being the phase during 
which the
 
program directly reaches the farmer. 
 The claim
 
that the system can or should do so has in 
fact
 
caused sufficient skepticism that funding has
 
been in jeopardy for several national programs.

In short, being judged a failure by an attrac
tive criterion has been more harmful than 
it
 
would have been to be 
judged successful by the
 
correct criterion.
 

Finally, and most importantly, the consequence

of emphasizing the production objective 
has
 
been tq, fail to emphasize the strongest argu
ment in support of the AGRHYMET program: 
 that
 
it will be impossible, in the long-run, to make
 
significant advances in agricultural research
 
and productivity without high quality meteoro
logical and hydrological data. This argument,

which is the most credible reason to support

the program, is therefore not being factored
 
into priority-setting and funding decisions. 1/
 

1/ As this document was being finalized, the Executive

CommiEtee of the AGRHYMET Program formally changed 
the Agricultural Production Objective 
in response to the recommenda
tions made by USAID/Niamey and the Project Paper Design Team.
Through this very positive and decisive action, the Executive
 
Committee has reformulated the objective 
to clarify that
AGRHYMET will not directly 
improve agricultural production,

but 
will do so through the impact on agricultural research/

extension of the long-term data the system produces.
 



This set of underlying issues is the backdrop for the
 
initial (as of January, 1987) unevenness in UNDP support of
 
national programs:
 

In Burkina Faso, the UNDP contribution to
 
Phase II was $700,000. The planned Phase III
 
contribution had been reduced by 20%.
 

The initially planned Phase III UNDP contribu
tion in Mali was one-third of the Phase II
 
contribution.
 

The UNDP contribution in Senegal was similarly
 
set at one-third of the Phase II level.
 

Only in Niger, where the Multi-Disciplinary Working Group
 
has been less active than in any of the other three countries,
 
had the contribution been increased, from $720,000 in Phase II
 
to $1.1 million for the coming phase.
 

As the funding situation existed in January 1987, the 
AGRHYMET system was a chair with legs of very different 
lengths, reflecting divergent understandings of what the 
program is about. In each UNDP office visited (except Niger), 
the desire to see tangible agricultural benefits was cited as 
one of the reasons for being unwilling to continue to support 
operating budgets of the meteorological and hydrological 
services (other major reasons included overall funding con
straints and national government priorities within those 
constraints). - Yet there is strong evidence that UNDP contri
butions to national programs are essential to the base line 
operations of these services. The meteorological service in 
Mali has been able to attract a sizable government contribu
tion to its operating budget (due largely to a very active and 
successful involvement in monitoring and prediction activities 
during the growing season), but this is not the case in other 
countries. 

In Senegal, the government contribution to the non-ASECNA
 
operating budget (as distinct from the equipment and salaries
 
budgets) is 2 million CFA francs per year -- approximately
 
$6,000. However, the government also makes a counterpart
 
contribution to the UNDP funding in the amount of 13 million
 
CFA francs ($40,000) per year. Reduction of UNDP budgets
 
therefore reduces both the donor and counterpart contribu
tions. There is little evidence that the government is either
 
willing or in a position to increase its non-counterpart
 
contributions to meteorological and hydrological services.
 
These contributions have, if anything, been under downward
 
pressure for overall budgetary reasons. It is difficult to
 
determine if this reflects a lack of government commitment to
 
this area or the simple inability to fund investments in
 



future security in the face of overwhelming short-term diffi
culties. Certainly, even if the former were not an obstacle,
 
the latter would be.
 

If the purpose (immediate objective) of the program is to
 
collect, analyze and disseminate data and to strengthen the
 
national services, then donor contributions may have to be
 
used to strengthen operating capacities of the national ser
vices, for it is the base line operations and not the pilot
 
projects which directly support the program purpose. The
 
Economic Analysis Appendix (Appendix D), and the Socioeconomic
 
Analysis Section of this Project Paper (Section II.D.) explain
 
in detail why base line meteorological and hydrological infor
mation is the key to AGRHYMET's long-term contribution to
 
Sahelian development. Yet operational support of the national
 
services does not appear to be as enticing to donors as direct
 
funding of the perceived "payoff" activities. It is the
 
unanimous opinion of the Design Team that unless operational
 
support to national services continues through Phase III, and
 
probably for some time and at some level beyond Phase III,
 
most national services will cease to play a useful role in
 
AGRHYMET. It is to be noted 
national level operation, the AGR
be completely undercut. 

that 
HYMET 

without 
Regional 

a 
C

functional 
enter would 

Fortunately, the UNDP itself has responded to concerns 
about possible reductions and uneveness in Phase III funding
 
by reevaluating each national contribution in light of overall
 
program objectives. The final funding levels, as of April
 
1987, appear to provide a satisfactory resolution to the
 
problem of national program funding. These funding levels
 
have been established as follows:
 

Mali $ 800,000
 
Burkina Faso 558,000
 
Chad 1,355,000
 
Mauritania 936,000
 
Niger 1,100,000
 
Cape Verde 473,000
 
Senegal 747,000
 
Gambia 583,000
 

2. 	 Program Design vs. Donor Funding Commitments
 

During the Geneva CAC meeting of September 1986, several
 
donors pointed out that the WMO Phase III design document,
 
while excellent in technical content and coverage, did not
 
represent an adequate basis for planning Phase III, for three
 
reasons:
 

o 	 Its agricultural production objectives seemed
 
overly optimistic.
 



It did not state what the program would cost.
 

It contained insufficient guidance as to which
 
elements should receive priority in the event
 
that funding was insufficient to implement the
 
whole design.
 

The strategy for using this document, as explained in
 
recent meetings with a WMO representative, is to have various
 
donors fund portions of the design, with a view to obtaining
 
total funding in increments. Two issues required donor atten
tion in this context:
 

Who should have lead responsibility to ascer
tain which portions of the designed program
 
have or have not been funded and to solicit
 
donor contributions for the outstanding ele
ments? WMO is the obvious candidate for this
 
task, but must explicitly accept this responsi
bility.
 

If, as now seems likely, the entire designed
 
program cannot be funded, at what point should
 
it be redesigned to reflect priority allocation
 
of available resources?
 

In order to assure that the AGRHYMET program focuses on
 
what funding/design gaps may still remain, AID requested that
 
WMO update the status of funding from each principal donor.
 
As of the April 1987 CAC meeting in Rome, WMO was able to
 
establish the funding levels shown below:
 

PLANNED DONOR-CONTRIBUTIONS TO AGRHYMET PHASE'III
 
(In Millions of U.S. Dollars)
 

Est. Pct.
 

Donor Contribution of Total
 

United States $ 9.000 24%
 

France 7.400 19%
 

Italy 10.000 26%
 

UNDP 6.552 17%
 
Belgium (Est.) 0.800 2%
 

Holland (Est.) 1.000 3%
 

EEC (Est.) 2.500 7%
 
Other .800 2%
 



Dutch, Belgian and EEC contributions are not yet firmly
 
known, and have been shown for indicative planning. WMO gave

formal assurance at the CAC meeting that a final Financial
 
Plan which includes all donor contributions will be distrib
uted as soon as outstanding donor commitments are known.
 

The following points regarding donor funding are note
worthy: a) The French contribution is clearly defined and 
directly complements AID efforts, b) UNDP contributions to 
each national project are substantially higher than originally 
anticipated -- partially in response to conc'ern expressed by 
AID and other donors, c) The Italian contribution is both in 
need of further definition and of better integration into 
overall program objectives. Italy has, however, agreed to 
fund the very important study of telecommunications options 
required for upgrading regional communications networks; and 
d) the EEC has expresserl strong initial interest in funding 
implementation of a telecommunications system based on the 
meteosat satellite. 

The above information provides an adequate basis to
 
believe that critical program components are covered, and to
 
proceed with AID Phase III support.
 

As a further indication of the CACs commitment to estab
lishing a coherent planning/budgeting framework for Phase III,

the April 1987 CAC meeting mandated that the Program Manage
ment Study, which is to take place in late 1987, review all
 
aspects of planned management structures in light of these
 
funding commitments.
 

3. The Telecommunications Problem
 

Like an electric motor which, no matter how well designed

and executed, cannot function without electricity, the
 
AGRHYMET Program cannot function without the telecommunica
tions links necessary to transmit data and other information.
 
Existing telecommunications links in the Sahel are insuffi
cient to support program operations. The problem exists at
 
two levels: first, data must be transmitted rapidly from
 
field observation stations to the NACs; second, integrated
 
national data must be sent from NACs to the ARC and processed

national and regional data and information must be sent back
 
from the ARC to the NACs. This information must move quickly
 
and reliably, at a cost which the system can sustain.
 

In the near term, there is little prospect that Sahelian
 
telecommunications infrastructure will improve to the point of
 
making this possible. Yet many (if not all) of the options
 
for upgrading regional telecommunications via AGRHYMET funding
 
are much larger undertakings than the program can economically
 
justify.
 



Telecommunications bottlenecks could become an increas
ingly serious handicap as the program enters its operational
 
phase. Crop yield assessments, for example, are of little
 
value if received a month late.
 

With respect to ti ismission of data from field stations
 
to NACs, Single Side Band Radios provide a limited solution
 
which can work in several countries. Other potential options
 
include using police or military communications facilities, as
 
is being done in Burkina Faso.
 

Transmissions between the ARC and NACs cur:..- tly use the 
ASECNA (aviation) lines, but this has proven slow (AGRHYMET 
data gets low priority on available lines) , often unreliable 
and does not permit computer-to-computer links. Commercial 
telex lines have also been used, but are very costly, unreli
able and have a number of other technical disadvantages. One 
recent proposal appears promising, and is currently being 
'investigated by AGRHYMET: there may be an available channel 
on the new Meteosat Satellite, which, if rented by AGRHYMET, 
would permit transmission and reception of information via 
relatively inexpensive transmitters and reception disks which 
could be placed in each country. This would permit direct 
transmission from one computer to another, and would occur 
instantaneously. If this option proves feasible, it would 
probably cost from $1 to $2 million to make operational. 

At the Rome CAC meeting, the following new information
 
was made available to participants:
 

After extensive technical discussions, it is
 
now believed that the proposed meteosat solu
tion is a viable/cost effective option.
 

Several additional technologies are worth
 
testing for even lower cost one way data trans
mission links for in-country needs.
 

Italy has agreed to finance the full feasibil
ity study necessary- prior to implementation of
 
the.proposed telecommunication option.
 

EEC has expressed willingness -- subject to
 

final authorization after the Italian study -
to finance implementation of the upgraded 
telecommunication system. 

4. Definition of Program Products and Beneficiaries
 

It is generally agreed that the direct beneficiaries of
 
the AGRHYMET program are the national meteorological and
 



hydrological services and MWGs directly funded; 
the farmers on
the 
pilot projects who receive additional extensiou support
and increased crop yields; the Niamey ARC; 
and, finally those
national government and research organizations which will have
 access to 
improved agrometeorological and hydrological 
data.

It is 
also generally agreed that rural populations will indi
rectly benefit 
from improved crop yield forecasting, insofar
 as it helps governments and planning agencies 
better anticipate'and coordinate food aid needs in times of shortage.
 

At issue is whether and how farmers and herders will

benefit in terms 
of increased production. To answer these
questions, it necessary examine what
is to products the program can reasonably provide. 
 It should be recognized that any
attempted answer may be controversial, as there are competing

schools of thought. The discussion below is supported by more
detailed analysis in the Agricultural Technical Annex (An
nex B, Part III).
 

The distinction is made for this discussion between

"agrometeorology" 
-- relating to day-to-day weather occur
rences -- and "agroclimatology" -- relating to overall clima
tic conditions. After review of the existing pilot projects
and discussions with both 
 national service (meteorology,

hydrology and agriculture) and expatriate personnel, 
 the

Design Team believes that the primary impact 
of AGRHYMET on
agricultural production, especially 
in the short- to medium
term, 
 will occur through agroclimatological rather than
agrometeorological impacts. 
 This derives from two subpoints:
 

Better meteorological and hydrological data 
can
 
substantially improve the capacity of 
 the
 
agricultural community to 
manage crop produc
tion given climatic conditions in the Sahel.
 
Such potential improvements are substantial and
 
are not necessarily obvious to agricultural

planning or extension personnel or even 
 to

researchers. The very sizable 
yield increases
 
achieved in the 
Mali pilot project can be
 
attributed both to better agronomic practices

and greater extension support and to improved

agroclimatological management.
 

AGRHYMET does not 
now have, nor is it likely to
 
have in the near future, a cost-effective means
 
of generating locally-specific agrometeorologi
cal information 
which can be transmitted to
 
farmers in real time. Specifically, localized
 
predictive information (such rainfall
as fore
casts) is not yet available and there is no
 
replicable means of transmitting such informa
tion to farmers with sufficient speed for it to
 
be of use. The current pilot projects suggest
 



that the provision of real time aqrometeorolog
ical data is not critical to achieving yield
 
increases. Therefore, the difficulty associ
ated with timely transmission of such data may
 

not be as great an obstacle as was originally
 
believed.
 

These observations do not imply that day-to-day predic-

Indeed, if it were available
tive information is of no valuc. 


and if it could be rapidly transmitted it would be extremely
 

useful, as it is in many industrialized countries. However,
 
it makes little sense for AGRHYMET to base its ... re strategy
 

on providing such information qiven infrastructule realities
 

in the Sahel and given that agroclimatological information,
 
which need not be transmitted in real time, is still not being
 

fully exploited.
 

on
This understanding of the impact of improved data 


agricultural production systems is consistent with the view
 

that the principal product of the AGRHYMET system is sound,
 

detailed and timely information and analysis, compiled in a
 

manner which is accessible to researchers and production
 

This data must be geographically specific and be
 
agents.

ailable for long time periods. It is noted that in the
 

United States, Australia and other developed agricultural
 

systems, it would have been impossible to make the advances in
 

farming systems research which have resulted in the most
 
of sound data of
spectacular yield increases in the absence 


exactly the type which AGRHYMET can and does generate.
 

Every staff member of agricultural production projects
 

(national and expatriate) interviewed by the Team stressed
 

that good meteorological and hydrological information was of
 

vital importance to their programs. This set of individuals
 
includes the Director of Operation Haute Vallee in Mali, the
 

Director of Agriculture in Senegal and the principal personnel
 

of the River Basin Development Office at USAID/Dakar, among
 

others.
 

Early warning of crop yields is a subset of better infor

mation flows. It differs from other information gathered and
 

analyzed by the AGRHYMET system in that the role of the ARC is
 
in primary data acquisition and
relatively more important 


relatively
processing, and the role of the national centers 


greater in data interpretation, which is a reversal of the
 

relative roles in other data produced by the AGRHYMET system.
 

However, for crop yield forecasting, as for the other
 

data produced by the system, the Sahelian farmer is not a
 

direct recipient of data, nor is he a direct beneficiary. In
 

the long-run, however, rural populations will benefit because
 

of the improved decision making at the policy level. which
 

better data allows.
 



In sum, both for activities in support of agricultural

production and in support of crop yield forecasting, informa
tion does not have to flow to farmers in real time for the
 
program to make a valuable economic contribution.
 

5. Regional vs. National Roles
I 
in the AGRHYMET Program 

It is a misconception to think in terms of national vs.
 
regional levels of AGRHYMET. In fact, the system is a pyramid

consisting of a large base of local data acquisition points,

each of which feeds into an appropriate national data collec
tion and synthesis level. The eight (soon to be nine)

national level entities are further linked at the regional

level via the AGRHYMET Regional Center in Niamey.
 

In principle, each level in this pyramid can play a
 
function in information collection, synthesis, analysis and 
transmission and each level can also potentially play a role 
in policy formulation and implementation. How data flows 
within the pyramid -- upward, downward and laterally -- and 
the role of each level in specific types of data flows, is 
function of the relative capacities 
objectives of the data flow. 

at each level 
a 

and of the 

a. Local Level 

Primary level for collection of meteorological and hydro
logical data. Transmits data to national center. Data trans
mission now severely hampered by lack of telecommunications.
 
Development of- local data collection points highly uneven.
 

b. National Level
 

Receives and synthesizes local data. Performs some data
 
analysis. Interprets data in relation to other national
 
parameters (such as within geographic information systems,
 
etc.).
 

Transmits national level data to ARC and to other
 
national level users (planning agencies, extension services).

Telecommunications infrastructure now an obstacle to this
 
task.
 

Receives regional meteorological and hydrological data
 
from ARC (covering all countries). Receives data analysis,
 
methodologies and support from ARC.
 

Receives AVHRR satellite data from ARC. Interprets data
 
using ARC-supplied software and methodologies. Transmits data
 
and analysis to other national institutions.
 



c. AGRHYMET Regional Center
 

Receives national data. Compiles, synthesizes and ana
lyzes data from all national centers. Develops methodologies

and maintains data bank. Coordinates agrometeorological
 
research by working with existing agricultural research organ
izations and analyzing the implications of AGRHYMET data for
 
rural production systems in the Sahel.
 

Transmits regional data and analyses to national centers
 
and to other users within and outside the region.
 

Collects satellite data. Transmits . llite 
 data,

analyses and analytical support to national centers and to
 
other users. Telecommunications infrastructure obstacle to
 
this and above task.
 

The-Management Study to be conducted before the next CAC
 
Meeting will make an important contribution to clarifying

roles and responsibilities at each level of the program,

particularly in light of recent clarifications of Objective 3.
 

The logic of these roles and of the program objectives

discussed in Section I.B.l. 
 above suggest that the primary

focus at the national level should, be on receiving and organ
izing information obtained from the local level. This can be
 
accomplished with relatively simple hardware, particularly

given the evolution of computer technology. Given the
 
extremely scarce financial resources which will be available
 
at national centers in the absence of donor support, these
 
centers should avoid both expensive hardware and development

of an independent programming and software development capa
city, neither of which will be sustainable in the long-run.
 

The Regional Center possesses the financial economies of
 
scale and the intellectual critical mass necessary to develop
 
a regional data bank (involving more sophisticated computer

systems), to receive and process satellite data and to develop

analytical methodologies needed to support national level
 
operations. Moreover, it is through the Regional Center that
 
the primary link can be maintained between the agricultural

research community and the set of data and analyses developed
 
by the AGRHYMET system.
 

6. Relationship of AGRHYMET to Early Warning Systems
 

The crop condition assessment efforts of the AGRHYMET
 
Program constitute extremely valuable inputs into the national
 
efforts to provide early warning of potential food deficits in
 
the region. The remote sensing imagery and vegetation indices
 
supplied by are used in several
AGRHYMET being countries
 
visited by the Project Paper Team, both by the MWGs 
and by
 
other agencies involved in food planning and relief.
 



Wider regional Early Warning System (EWS) efforts will
 
also rely heavily on the kinds of information AGRHYMET can
 
provide. However, as pointed out in a recent memorandum on
 
the subject (Hradsky, 1985) the EWS effort requires greater
 
coordination, focus and integration with operating entities.
 
An expansion of AGRHYMET's role in this project is currently
 
hampered by several factors:
 

Effective coordination with other institutions
 
involved in EWS remains weak, although it is
 
improving.
 

The number and range of crop condition assess
ment products emanating from the program cre
ates overlap with efforts being undertaken
 
elsewhere and dilutes the quality and value of
 
each product.
 

The products which consume the greatest human
 
and financial resources to produce (such as the
 
ten day bulletins on rainfall) are not neces
sarily the most useful. There has been little
 
systematic effort to establish priorities and
 
focus on a limited number of products which can
 
be effectively produced and which are useful to
 
major clients.
 

Some controversy persists within the scientific
 
community as to the most appropriate methodolo
gies and measures to use in crop condition
 
assessment.
 

Over the past twelve months, it has become increasingly
 
obvious that the ARC provides the infrastructure, analytical
 
capacity and repository of data necessary to support several
 
other major initiatives in the. region. Perhaps the most
 
important advantage AGRHYMET affords, however, is the working
 
institutional arrangements between NACs and the ARC.
 

This overall' capability has already been identified in
 
the current AID-sponsored Famine Early Warning System (FEWS)
 
project design effort as being able to rapidly supply remote
 
sensing data, imagery and vegetation indices to each Sahelian
 
FEWS country. The computer facilities and data bases devel
oped at the ARC are also an efficient means of developing the
 
in-depth resource analysis and monitoring effort on which FEWS
 
seasonal warnings must draw from baseline information. While
 
in the earliest stages of project design at the time of this
 
Project Paper, it is currently anticipated that the yet to be
 
defined FEWS project will play an active role in the remote
 



sensing component of the AGRHYMET project (selection of spe

cial TA, coordination of early projects, development of geo

graphic information system, and use of AGRHYMET data within 

the U.S. Government). 

Similarly, the ARC provides an excellent venue for the
 

monitoring of agricultural, rainfall and other parameters
 
which can give early warning of potential pest infestations -

including grasshoppers. Because the multimillion dollar AID
 

effort currently underway for grasshopper control must rely on
 

timely identification and treatment, AID funds spent in this
 
area will be usefully leveraged by drawing on the ARC's con
tinuous monitoring capability.
 

Finally, WMO, FAO and World Bank are currently planning
 
projects for which the ARC can serve as a regional coordina
tion/analysis center.
 

In all of the above efforts, it is important that proto
cols be developed which allow the Center to serve as a
 

without itself being taken over by the objectives of
resource 

each new project. Specifically, such projects, if properly
 
managed, can become "clients" who help defray the recurrent
 
costs of AGRHYMET's base activities, rather than causing an
 

explosion of in-house staff which cannot be sustained after
 
1991. The planned Management Study should pay particular
 
attention to articulating a strategy through which AGRHYMET
 

can expand its support to larger regional efforts in EWS
 
without losing focus on its primary objectives or creating
 
unwieldy and unsustainable institutional structures.-


D. Relationship to RDSS and Development Priorities
 

The relationship of the AID-funded project to the RDSS
 

and to regional development priorities can best be judged for
 

each component of the project.
 

1. Data Processing System Support
 

This project component will provide hardware, software
 
and analytical support to the computer operations of the ARC
 

and the national centers. While computer operations per se
 

bear no direct relationship to either the RDSS or development
 

objectives, the justification of this component is found in
 

the program objectives which it helps further. The computer
 

system at AGRHYMET is essential to compiling, organizing and
 
to
analyzing meteorological and hydrological data, and estab

lishing methodologies to link this data to research on
 

improved agricultural production in the region. The goal of
 

improved data and analysis in support of agricultural produc
tion is central to the entire philosophy of the RDSS.
 



2. Remote Sensing Systems Support
 

This component will provide technical assistance, soft
ware and training in support of crop monitoring and yield

forecasting efforts, which in turn feed into regional 
food
 
deficit early warning systens. This effort ties directly to
 
the food security objectivE of the RDSS and to the widely

shared priority (both within Sahelian governments and among

donors) for having timely information on the intensity and
 
distribution of impending food shortages in the region. The
 
Secretary General of CILSS has stated publicly that AGRHYMET
 
is the highest priority project in the CILSS portfolio, and
 
the early warning objective in particular has received the
 
strong endorsement of all member 
Heads of State. AID and
 
other donors have recently initiated a number of related
 
projects, many of which link to AGRHYMET, to improve the speed

and accuracy of efforts to forecast food needs and potentially

available supplies.
 



II. FEASIBILITY ANALYSES
 

A. Technical Analysis
 

1. 	 Data Processing System
 

In concise form, Phase IlI objectives of AGRHYMET data
 
processing have been identified as follows:
 

a. 	 To minimize recurrent costs during Pha-o III.
 

b. 	 To provide a reliable system at all sites.
 

c. 	 To build a sustainable system beyond Phase III.
 

d. 	 To meet or exceed processing requirements,
 
leaving room for growth.
 

e. 	 To design an upgrade schedule which anticipates
 
advances in technology.
 

f. 	 To choose technology appropriate for the
 
region.
 

Program Versus Project Sustainability
 

At the ARC, continued donor support may be needed beyond
 
Phase III in order to sustain the data processing system.
 
Such support need not come from the United States, however.
 
Irrespective of whether post-Phase III support comes exclu
sively from CILSS or from a combination of regional and exter
nal sources, the ARC data processing system cannot be sus
tained past 1991 unless configurations currently in place are
 
progressively changed during the next five years. The central
 
change to be made is to shift from reliance on a single,
 
relatively old and expensive to maintain technology (VAX 780)
 
to a 	more flexible and lower recurrent cost system.
 

Similarly, the national services can function without
 
donor input after 1991 only if data processing systems in
 
place are simple, flexible and require extremely low recurrent
 
costs.
 

Major Project Funding Options
 

Four major options were considered for the data process
ing system:
 

1) 	 Total. withdrawal of AID support at the end of
 
Phase II.
 



2) 	 Minimum funding to complete the Phase II objec
tives.
 

3) 	 Continuation c' current funding levels based on
 
existing Phase III implementation proposals.
 

4) 	 Shift to more flexible, lower recurrent cost
 
design.
 

These options are discussed in detail in the Technical
 
Annex to this Project Paper. Option 4 is recommended for the
 
design of Phase III, for the following reasons:
 

Total withdrawal of AID support would cripple
 
the data processing system for from several
 
months to several years. During this period,
 
early warning activities, methodology develop
ment and data compilation and analysis would be
 
seriously hampered. Financial and human
 
resources already committed by Sahelian coun
tries, by CILSS and by other donors would be
 
wastefully underutilized.
 

Minimum funding to complete Phase II objectives
 
would be a viable, if not desirable, option if
 
the system currently in place were fully func
tional and cost effective. However, in an
 
optimistic scenario, the current system can
 
only- be made fully operational with consider
able further expenditures on training of main
tenance personnel. In a less optimistic cdse,
 
the current system may never be fully func
tional because it is too complex and relies too
 
heavily on old technology. In either scenario,
 
the system transferred to the Sahel would be
 
one which is largely outmoded, not compatible

with a broad range of useful software (national

level systems) and very expensive to maintain
 
(at all levels).
 

Continuation of current funding levels based on
 
existing Phase III proposals suffers from most
 
of the same drawbacks which apply to Option 2
 
above and is considerably more expensive than
 
the system proposed here. The system as cur
rently conceived is not sustainable and may not
 
be feasible. Technology advances have made
 
newer, cheaper, more compatible and easier to
 
maintain systems available which are better
 
suited to the Sahelian environment and to
 
program objectives.
 



of a more flexible and
The recommended option, design 


lower recurrent cost data processing system, is discussed
 

below.
 

Recommended Design
 

The largest recurrent cost in the current data processing
 
Single, large systems have astronomisystem is maintenance. 


cal repair costs if up-time is to be kept near 100%, espe

cially in West Africa.
 

In a new design, total redundancy is not cost effective,
 

as either standby system is a waste of resources 95%. of
the 

the time, or the demand for computing resources requires
 

of the standby system and redundancy is lost. A
regular use 

for the use of modular systems, with a
better design calls 


single module specified as large enough to accommodate the
 
accomlargest processing task and enough modules specified to 


modate a normal demand for processing capacity. A single
 

modular failure will no longer cripple the entire system, and
 

the urgency of repair is significantly lowered. Repair costs
 

can be kept within budget and up-time (of enough modules to
 

perform all critical functions) can approach 100%.
 

NACs, simple, reliable and inexpensive data
For the 

Personal computer
processing solutions are essential. 


"modules" are serviceable and supportable locally in many
 
expensive maintenance staff
capitals, reducing the need for 


training and/or regional staff travel to backstop local per
is not available, parts are
sonnel. Even-where local repair 


inexpensive and easily replaced. Microcomputers are so much
 

cheaper than existing computers in NACs that even if large
 
is less expencomponents or entire machines are replaced it 


sive than maintenance training and maintenance travel by ARC
 
and maintenance advanspecialists. In addition to the cost 


least
tages discussed above, modern microcomputers provide at 


much or more power and capacity than the older machines now
 as 

in use (PDP 11/34s).
 

Regional Center Data Processing System
 

Data processing implementation can be divided into three
 
The first is the current
stages for purposes of discussion. 


The additional capabilcapability at the ARC. second is the 

780 becomes operational. The third
ity provided when the VAX 


to
includes how the center evolves until the end of Phase III 


satisfy the major criteria of reliable, adequate data process

ing capacity with a minimum recurrent cost.
 

(non VLSI)
The older technology Digital Equipment VAX 780 


does not meet any of the major criteria of this design as it
 

is currently configured. One of the major rationales for i:s
 



purchase was a future capability to cluster a group of 780s to

permit versatile sharing of main memory, disk and input/output

between elements of the cluster. 
 Until recently, the 780 was
 
the only processor that was compatible with current software
 
and storage devices at the center 
and could be clustered.
 
Current minicomputers can provide a clustering capability with
 
new technology that is 90% of the 
capacity of a 780 for as
 
little as 20% of the cost of a 780.
 

The cluster concept provides reliable, cost effective
 
central processing capability 
with the ability to add addi
tional elements as processing requirements dictate. An Ether
net local area network can be used to interconnect the mini
computers, terminal clusters and personal computers throughout

the center complex at Niamey. Major mass storage can be
 
either distributed among "cluster elements" 
or concentrated on
 
one "file server" processor.
 

An important criterion in equipment selection should be
 
compatible hardware and software networking between multi-user
 
systems and thi MS DOS-based personal computer that provides

most of the communications, mass-storage sharing 
and file

transmission capability 
that is required at the regional
 
center.
 

National Centers Data Processing System
 

The Digital Equipment PDP 11/34 multi-user system

installed in six of the eight countries has proven to be an
 
unsupportable and inappropriate technology 
for the national
 
centers and cannot 
support most of the software applications

that are required.
 

A small number of personal computers, some with multi
terminal capability to 
support data entry, stationed in each
 
of the active MWG ministries will better serve the 
users.

Each of the systems will be 
tailored with software, mass
storage, and special peripherals (plotters, digitizing tab
lets, and color displays) 
to match the needs of the specific

ministry. The 80286-based or PC-compatible personal computers
 
can be serviced locally in 
a number of the capital cities, and
 
the distributed nature of the configuration eliminates any

critical 
single point of failure, an absolute necessity to
 
contain recurrent repair costs..
 

Programmers at the ARC are already 
developing applica
tions that run on personal computer spreadsheets and have
 
studied the feasibility of transporting the "SUIVI" water data
 
bank software to MS DOS. Data Base Management software is
 
conercially available which will run on ARC computers and NAC
 
personal computers.
 



Data communications costs within the national capitals
 
remain a serious reliability and cost problem. However, short
 
and periodic data transmissions between personal computers can
 
be made much more reliably and cost effectively than that
 
required by terminals located in divergent ministry buildings
 
connected to a central timesharing PDP 11/34. One or more of
 
the personal computers aill be designated the data collection
 
and regional communications processor and will have to be
 
connected to the telephone, telex, GTS, or satellite system.
 

System Configurations
 

Regional Center
 

The building block of a redesigned ARC processing system
 
is the cluster element, or minicomputer. Two or more cluster
 
elements would form the network that would supp6rt a growing
 
demand for computing and data communications between staff at
 
the center.
 

An increasing role for MS DOS-based 80286-based personal
 
computers is expected, and such systems are already being
 
provided increasingly by the donor countries of the various
 
experts at the center. The cluster network must be available
 
to these systems to increase the ability to share data and
 
ideas among staff. This would be accommodated by Ethernet
 
interfaces on each PC, integrating them into the cluster
 
network and making available extensive MS DOS support tools in
 
cluster elements.
 

It. is envisioned that up to four cluster elements (i.e.,
 

minicomputers) will have to be phased in to satisfy computing
 
demand over Phase III. It is also expected that the cost of
 
each cluster element will decrease over time. At current
 
prices, a cluster element is estimated to cost $125,000,
 
including software and spare parts.
 

The Phase III budget includes sufficient allowance for
 

these cluster elements plus other required equipment specified
 
in the Technical Annex, including a digitizer and plotter for
 
mapping and geographic information systems.
 

National Centers
 

System Configuration #1 (Hydrology application: water
 
budget and report generator)
 

One of the most important modules that must be
 
installed as soon as possible. Software can be
 
adapted and operational very early through the use
 
of simple but advanced applications development
 
tools, such as the spreadsheet.
 



System Configuration #2 (Meteorology application:
 
Image Processing)
 

The second most important module, requested by the
 
national services to 
display and manipulate remote
 
sensing satellite data currently available 
from the

US and 
eventually 'available from French furnished
 
facilities at the ARC.
 

System Configuration #3 
 (Hydro and Meteo application:
 
Data Base Management)
 

The system which will take the most development work
 
and may have to be deferred to later in Phase III
 
for this reason. While it can be built 
upon a

number of existing software packages, including

database management, spreadsheet, statistical and
 
word processing programs, system configuration and
 
methodology will be specific to the needs of the
NACs, and must also be compatible with systems

developed for other NACs and the ARC.
 

System Configuration #4 (Meteorology application:
 
Models)
 

This is the one module which need not be developed

quickly because applications software (the SUIVI

Chain) is now available which can run on the PDP
 
11/34. However, before PDP 11/34s
the are phased

out, a new PC-Compatible module 
-- which is likely
to be an- adaptation of the existing SUIVI software
 
-- must be put in place. Because some countries do
 
not now have PDP i1/34s, early adaptation to PCs of
 
the SUIVI chain may be called for if national needs
 
warrant it.
 

The total estimated per 
country costs for implementing

the full set of configurations outlined here 
is approximately

$66,000, inclusive of all 
software, hardware, connections and

related supplies. Detailed breakdowns of equipment needs 
are
 
provided in the Technical Annex.
 

The recommended implementation schedule for installation 
of the cluster elements and MS-DOS-based systems at theregional level and for installation of the five configur tions 
at each NAC is summarized in Section III.A of this document 
(Table III.1). 

The total cost of the recommended data processing system,

inclusive 
of hardware, software, supplies, maintenance, long
and short-term technical assistance and support and manage
ment, are integrated in Table II.1 which also 
summarizes the
 



cost of recommended support by USAID to the crop monitoring/
 

remote sensing component of the project.
 

Technical Assistance Needs
 

Technical assistance needs for the data processing system
 
are summarized in Sect-:.u I.B.2. and in Table 1.2, and costing
 
is included in Table II.l.
 

Training Needs
 

A major difference between the recommended design and
 
current project operations is the reduction .n long-term
 
training costs. To date, lonq-term training has been antici
pated for two hardware specialists and one software specialist
 
in each country, plus several additional trainees who are to
 
work at the ARC. A typical current training program involves
 
one year of English language training and two years of techni
cal training in the United States. Average training costs
 
(from start to finish, including some on-the-job training) are
 
estimated at $125,000 to $150,000 per person. The retention
 
rate has been a little over 50%, implying an effective cost of
 
$250,000 to $300,000 for each specialist trained and retained.
 
Experience with returned trainees suggests that many need
 
continued support and one or more years of work experience
 
before they have an independent capability.
 

Built into this system is the need for continued training
 
in future yeats, as skilled individuals are promoted, trans
ferred or hired away by the private sector. Even for those
 
original trainees who remain in place, rapidly changing com
puter technology will require further specialized short
 
courses from time to time.
 

Therefore, two hardware specialists placed per country 
will require that four be trained (50% average retention 
rate), at a total cost of $150,000 x 4 = $600,000, plus peri
odic renewal and refresher courses. 

This level of maintenance skill is only necessary to
 
maintain mainframe systems (the VAX 780) or equipment such as
 
the PDP 11/34s or similar machines. The PDP 11/34s have
 
proven too complex to use or maintain in the Sahel, and more
 
modern microcomputers have equal or greater capacity, cheaper
 
and better preexisting software and much lower purchase and
 
maintenance costs. While manpower training and skills trans
fer have merit in their own right, it seems excessive to spend
 
$600,000 and to lock into high recurrent costs in order to
 
maintain equipment which could be efficiently replaced with
 
machines costing $10,000 or less. Scarce training resources
 
may be better devoted to more urgent skills, either within
 
AGRHYMET or in other priority sectors such as agriculture,
 
health, economics, etc.
 



The proposed design, by substituting microcomputers for
 
existing machines, and substituting preexisting spreadsheet,

database, 
statistical and word processing microcomputer soft
ware for tools which would have to be specially developed for
 
the PDP 11/34s, reduces both hardware maintenance and software
 
training from multi-year formal courses to a series of tiered
 
training activities, ranging from six week formal 
off-site
 
courses to one week, on-site orientation sessions and user
 
support groups. 
This approach is both more cost-effective and
 
has proven itself to be efficient in similar applications in
 
the United States and other industrialized countries. The
 
specific training requirements are summarized in Section I.B.2
 
and are further discussed in the Annex B of this Project
 
Paper.
 

2. Remote Sensing Component
 

This component will provide the basic technical assis
tance and training required for the AGRHYMET system to inter
pret AVHRR satellite data, to calculate and use normalized
 
vegetation indices and other measures of vegetation status, 
to
 
refine interpretation methods, to develop simple user friendly

software packages which permit broader application of the NVIs
 
and other results of the remote sensing information and to
 
transfer the skills necessary to the use and interpretation of
 
satellite data to ARC and NAC staffs.
 

The AID financing for this component will complement two
 
on-going activities financed outside the AID system. France
 
has financed and begun construction on placement of an AVHRR
 
receiving station 
in Niamey which will permit the ARC to
 
receive daily satellite data from the NOAA (U.S.) satellite in
 
real time. France has further committed to provide ARC with
 
the technical assistance necessary to put this data on disk
ette in a format consistent with the current NOAA AISC system

requirements (using the U.S.-supplied ARC computer facili
ties). The French effort is 
scheduled to be fully operational

by March 1988. While France has committed to this effort and
 
has begun implementation, the utility of the contribution 
is
 
linked to the assumption that some other donor (presumably the
 
United States) will provide the forward linkages proposed

under this funding component.
 

Simultaneously, the ARC is using staff trained 
by NOAA/

AISC, with the assistance of a resident expatriate advisor, to
 
perform crop condition assessments based on the AVHRR data,

NVIs and satellite imagery now being provided by the United
 
States. ARC expects 
this cadre of trained Sahelian special
ists to bear the main burden for ten-day assessments and crop

yield forecasting using satellite data. 
 Again, this expecta
tion is premised on the assumption that the United States will
 
provide the hardware, technical assistance and training

required to make the overall system operational.
 



In late 1986, AID commissioned an expert panel assembled
 
by the National Academy of Sciences to evaluate the scientific
 
validity of remote sensing methods used by NOAA/AISC in crop
 
condition assessment in the Sahel. The panel identified
 
several areas in which the NOAA methodology would benefit from
 
refinement or revision. It also suggested that, within the
 
limitations of statisl .cal and ground truthing information
 
available in Africa, crop monitoring via satellite may be of
 
more limited value than in other parts of the world.
 

Because of the importance of the remote sensing component
 
to AGRHYMET's early warning efforts, the program should have
 
access to the best available methodologies. 'I'l,-refore, the
 
project design provides funding for a comparativL evaluation
 
of available remote sensing teciiniques to be carried out,
 
ideally in the summer of 1987. This evaluation, to be con
ducted by a group of specialists in the field, will help
 
establish the consensus around which future AGRHYMET remote
 
sensing activities funded by USAID will be organized. Because
 
of the urgent need to initiate this study before the Phase III
 
contract begins, funds for this study will be held outside the
 
Phase III contract.
 

Technical Assistance
 

This proposed component of the SWD&M III Project calls
 
for provision of two long-term resident technical advisors:
 

A Satellite Data Anal'ysis Programmer for
 
42 months, commencing in month 1. This advisor
 
must- be a qualified programming specialist
 
familiar with microcomputer technology and with
 
available software packages for database man
agement, spreadsheet, mapping programs and
 
lower level programming languages (basic,
 
Pascal, etc). He/she need not have a degree in
 
computer programming, but should have a techni
cal graduate degree (Masters or above) with at
 
least five years experience in programming and
 
computer program design and development, pre
ferably in a natural resources-related field.
 
Developing country experience is highly desir
able but not essential. Good French language
 
reading and speaking is required (FS 3), espe
cially for counterpart training and training of
 
NAC staffs in software applications.
 

A senior Satellite Data Use Specialist for
 
36 months, commencing in month 12 and ending in
 
month 48. This individual should have an 
advanced degree in agrometeorology or some 
closely 
expertise 

related discipline, with 
in working with satellite 

specific 
data on 



agriculture, natural resources and meteorology.
 
She/he must be fully conversant with satellite
 
and computer technology uses for agrometeorol
ogy, and should have proven experience in
 
biomass/vegetation assessment methodologies and
 
program development. Long-term developing
 
country experience is highly desirable but not
 
essential. FS 3 French speaking and reading
 
skills are required.
 

A total of 26 person-months of short-term
 
specialists will be required to provide focused
 
technical support to the assessment and skills
 
transfer activities being conducted in the
 
field. This technical assistance will be
 
largely in statistics, crop yield monitoring,

photointerpretation and other specialized
 
assessment techniques.
 

Annual training courses are recommended for each of the
 
five years of the project. The purpose of the training is to
 
thoroughly familiarize participants with the methodology, uses
and techniques of the satellite data-based crop condition
 
assessment process, and the create a corps of specialists in
 
each country and at the ARC capable of implementing an opera
tional assessment program. The annual training program will
 
consist of a six week course similar in scope and contents to
 
the course offered by NOAA/AISC and CIAM at the University of
 
Missouri, Columbia.
 

Up to fifteen Sahelian participants from the NACs and the
 
ARC will be financed each year. The training program will
 
take place in the United States in years 1 and 2, and at the
 
ARC in each of the next three years. It is essential to the
 
success and the cost-effectiveness of the training program

that there be strict selection criteria for limiting the
 
number of participants to those with appropriate background
 
and aptitude for taking the lead in future implementation.
 
The recommended training program is also built on the expecta
tion that up 'to two of the trainees from the first two annual
 
courses can become sufficiently proficient to serve as
 
instructors in subsequent courses in Niamey. Use of some
 
Sahelian instructors and of ARC facilities will reduce train
ing courses substantially in years 3-5.
 

Equipment
 

All hardware and most of the software required to offer
 
this component of the project will be purchased under the Data
 
Processing component. Hardware will consist of 80286-based
 



microcomputers with hard disk at the ARC and each NAC, plus
 

high resolution color monitors and some plotting equipment.
 
Software will consist primarily of off-the-shelf packages for
 

which applications templates (modules) will be developed by
 
resident expert staff. Additional budget is included for
 
consumables and miscellaneous items.
 

B. 	 Financial Analysis
 

1. 	 Budget Summaries
 

Table II.1 contains the Summary Budget for the recom
mended Phase III project design. The total cost of the pro
gram is $9 million. This includes:
 

o 	 A $500,000 allowance for Mission "buy-ins".
 

o 	 $900,000 for the nine-month NOAA Phase II
 
extension for project transition and Phase II
 
closeout.
 

o 	 $80,000 for pre-Phase II contract studies -
specifically 4 person-months for the MBO study
 
and 4 person-months for the remote sensing
 
expert team.
 

o 	 $600,000 for USAID/Niamey Mission management of
 
the project.
 

o 	 Appr~oximately $7 million for equipment, logis
tics, training and long- and short-term techni
cal assistance.
 

A higher budget option, allowing for increased telecommu
nications, monitoring of the agricultural pilot projects and
 
further funding of equipment and logistics was also considered
 
but not recommended given AID budget limitations.
 

one 	 lower cost budget
The Technical Annex discusses 

option, consisting of a lower level of technical assistance
 
and equipment support for the data processing component. This
 
option is not presented here because it is felt that:
 

1. 	 The lower planned support level could in fact
 

lead to higher actual expenditures because the
 
uncertainty of maintenance costs (and hence
 
their expected value) rises the greater the
 
reliance on the existing "single system" con
cept 	with no redundancy.
 



2. 	 Lowering AID funding over the next five years
 
by reducing the rate of installation of new and
 
lower recurrent cost computer equipment will
 
directly result in transferring a much higher
 
and unsustainable recurrent cost system to the
 
Sahelian countries after 1991, even if actual
 
costs conform to expected costs during this
 
phase. In choosing between short-term cost
 
reduction to AID and long-term reduction of
 
recurrent costs to the Sahel (sustainability),

the 	 latter was thought to be the higher prior
ity.
 

The budget shown in Table II.1 includes a limited number 
of single side band radios for each country. These radios 
serve as the principal communications links between field
 
reporting stations and meteorological agencies in the capital

cities. For some countries, a larger humber of SSB radios
 
will be required if the reporting systems are to functions
 
efficiently. The need for further equipment varies by 
coun
try, depending on the size and population of the country, the
 
number of reporting stations, the level of access to other
 
communications infrastructure, the state of repair of existing

SSB radios and the willingness of other donors and/or ability

of national governments to financial such telecommunications
 
devices. In general, the USAID Mission in each country is
 
best placed to determine what national needs for SSB radios
 
are, and if *such needs merit priority support by the AID
 
system.
 

In the same way, a number of specific national needs were
 
identified in the course of the PP design which cannot be
 
satisfied under the principal components of the region-wide

project. Such needs may include logistical suppott, further
 
computer equipment and special studies.
 

In order to allow the flexibility for each USAID Mission
 
to selectively increase its support in areas it considers
 
critical, without unduly increasing the management require
ments 
on the Mission, the project design includes a "buy-in"

mechanism whereby the Missions can place Mission funds in the
 
Project Contract for implementation by the Project Contractor
 
of specific activities designated by the Mission. The budget
 
presented allows $500,000 for eventual Mission buy-ins.
 

2. 	 Recurrent Costs of the Project
 

Will the Sahelian states cover at least a portion of the
 
total costs required to keep AGRHYMET in service, or at least
 
enough to sustain a minimum benefit flow? The problem in this
 
section is to determine for the purposes of the economic
 
evaluation (1) factors which will influence the level of
 



SUMMARY OF COSTS FOR RECOWENDED PROJECT DESIGN
 

Remote Sensing Component 

Long Term Technical Assistance 


O/S Allowances, Educ, Housing, Etc 


Travel and Per Diem 


Training 


Consul tants 


Other Direct Costs 


Subtotal 


Data Processing System Component 

Long Term Technical Assistance 

O/S Allowances, Educ, Housing, Etc 

Travel & Per Diem (Long Term) 


Consultants 


ARC Logistics 


NAC Logistics 


Tel ecommunicat ions 

Training 


ARC New Equipment 


NAC New Equipment 


Subtotal 

Year 1 


$14,469 


$46,302 


S20,935 


SO 

$0 


41,340 


$123,046 


Year 1 

$32,245 

so 

120,661 


$80,000 


130,000 


$40,000 


145,000 


$0 


S343,000 


$274,000 


1864,907 

Year 2 


1125,880 


$92,810 


S76,896 


S224,761 


165,979 


$28,938 


1615,265 


Year 2 


$67,?15 

s0 


130,222 


S170,000 


80,000 


$120,000 


$50,000 


S250,000 


$145,000 


S30,000 


$942,937 

Year 3 


S154,963 


$110,233 


S74,044 


$133,129 


$32,989 


130,385 


$535,744 


Year 3 


171,101 

10 

131,733 


S150,000 


60,000 


$100,000 


150,000 


S200,000 


S50,000 


130,000 


$742,834 

Year 4 Year 5 Total 

$162,711 s0 $458,023 

$149,643 $$398,988 

$92,263 S0 $264,138 

$119,934 $119,934 $597,758 

132,989 132,989 1164,947 

$31,904 S33,499 $166,066 

S589,444 $186,422 12,049,920 

Year 4- Year 5 Total 

174,656 178,388 S324,105 

s0 $0 s0 

140,578 $34,986 S158,181 

S140,000 180,000 1620,000 

45,000 135,000 $250,000 

80,000 $50,000 $390,000 

$45,000 $30,000 $220,000 

$75,000 $50,000 $575,000 

$200,000 $230,000 $968,000 

S337,000 $30,000 S701,000 

1,037,234 &618,374 $4,206,286 



Table 11. 1
 

(Continued)
 

U.S. Support 
 Year 1 Year 2 
 Year 3 Year 4 Year 5 
 Total
 

U.S. Support Labor 
 $19,326 $81,171 
 $85,230 S89,491 
 $93,966 $369,184
 

U.S. Sijpport Travel 
 $14,469 $15,192 $15,952 
 $16,750 S17,587 $79,950
 

Subtotal 
 $33,795 S96,364 $101,182 S106,241 $111,553 $449,134
 

Other 
 Year 1 Yeir 2 
 Year 3 Year 4 Year 5 
 Total
 

Contingency 
 $20,000 $50,000 
 $50,000 
 S40,000 $40,000 $200,000
 

Mission Buy-Ins 
 $0 $200,000 
 $150,000 SlO0,000 
 $50,000 $500,000
 

Special Studies (MBO, Rem Sensing) $80,000 

$80,000
 

NOAA Phase 11 Extension $900,000 

$900,000
 

USAID/Niauzy Project Manage-nt. 
 $150,000 $150,000 $150,000 $150,000 $600,000
 

Total 
 $2,021,748 $2,054,565 $1,729,759 
$2,022,918 $1,156,349 
$8,985,340
 

ROUNDED TO: 

$9,000,000
 



recurrent cost support for the project five years after the
 

end of donor support and (2) the impact of various levels of
 

budgetary support upon the operation of capacities installed
 

under the project.
 

AGRHYMET has included a substantial rebuilding and
 

upgrading of Sahelian weather services and services which make
 

use of weather and hydrological data. The system is also
 

dependent upon crop moni.oring capacity. This leaves a legacy
 
of larger staffs needy of more extensive operational support
 

than'local budgets may be able to manage. What is the post

project support record on the part of Sahelian countries? The
 

ambitious CILSS study of 1980 (Recurrent Costs of Development
 
Programs in the Countries of the Sahel, CILSS, Ouagadougou,
 
1980) into recurrent costs found that whereas 11 prcjects
 

sustained cuts, some fared much better than othecix and that a
 
pattern could be found indicat.ing consistent criteria had been
 
applied across all of the Sahelian countries. The findings
 
further indicated that level of outlay, although important was
 
not necessarily the factor which determined survival or not.
 

Heller 1/ has calculated typical recurrent cost coeffi

cients 'r' fot projects in seven sectors using numbers from
 
projects worldwide 2/. Projects having high concentrations of
 
skills are associated with highest 'r', up to .7 (or 70% of
 

the initial investment annually). The CILSS study examined
 
29 projects in 8 sectors in 7 countries and found that the
 

,post-project burden on these countries in terms of skilled
 
staff, claims on scarce resources, and continuing demand for
 

imported goods to be substantial. The average annual post
project cost Of operation for agricultural projects was found
 
to be 15% of the value of the initial investment. The highest
 

-- aequivalent figure produced by the CILSS study is .40, 

rural development project.
 

An 'r' can be calculated for AGRHYMET at two levels;
 
regional and national. The regional coefficient is the divi

dend of the installed cost of new equipment, $970,000, which
 

will be all that is operational at the ARC by the end of
 

Phase III and the annual cost of operation of the equipment,
 
post-project, $250,000. This produces an 'r' of .26, which
 
places it firmly in the mid-range of the CILSS study-group.
 
This support level would permit the system to operate at 100%
 

1/ Heller, P.; "The Underfinancing of Recurrent Develop

ment Costs," Finance and Development, 16, #1, 1979, pp. 38-42.
 

2/ A measure, 'r', is used by financial planners to rank
 

projects with respect to their likely cost in post-project
 
time In'. The coefficient is notably sensitive to large use
 

of consumables and need for high quality skills; both of which
 

are characteristics of AGRHYMET.
 



of installed capacity, but also reflects a level well beyond

what it is reasonable for national budgets to assume. A
 
roughly linear relationship is believed to exist between level
 
of support and operable capacity; such that were support to
 
fall by a half, capacity would fall proportionately. Were
 
support of ARC to be divided equally among CILSS members each
 
would have to contribute $31,000 annually, not a large sum in
 
absolute terms, but enormous in the context of the Sahels
 
fiscal problems. Fortunately France is committed to support

the technical staff indefinitely, but what of the equipment?
 

At the national level a somewhat more hopeful long-term

outlook can be said to exist. The 'r' for a typical Sahelian
 
country is about .14. This represents the dividend of
 
$100,000 in annual support post-project divided by $700,000 in
 
new equipment provided during Phase III. This 'r' level would
 
support the system at 100% of installed capacity. In this
 
instance the relationship between installed capacity and level
 
of support is nct linear but is a five step function reflec
ting the cumulative impact upon output as each of five comput
ers fails.
 

The CILSS countries, therefore, will have *-o provide or
 
find $131,000 annually to keep the entire AGRHYMET system

functioning at 100% capacity each year after EOP. It is
 
worthwhile noting that Senegal has found it difficult to
 
manage anything above salaries in recent years (only allocat
ing $8,000 on consumables last year) in the support of its
 
meteorological department. In the case of AGRHYMET the past
 
may not be a fully reliable guide to future public support.
 

The CILSS study showed a rather poor correlation to exist
 
between post-project support and a project's 'r'; cost alone
 
is not the operative criteria! By order of priority CILSS
 
concerns appear to be technical (as reflected in the quality

of the basic design), economic (contribution to economic 
growth) and financial 3/. Given the essential poverty of 
these countries this seems surprising, but is explained in 
terms of fungibility, which is to say money even when very 
scarce is still allocated subject to some criteria. These 
criteria appear to include -- perceived technical complexity,
implementation problems during the life of the project, import
 
content, importance to the growth process, relationship to
 
proclaimed national objective(s) and identity of beneficiary.

Briefly, how does AGRHYMET stand with respect to beneficiar
ies? With respect to implementation government budgetary

planners are likely to focus upon the national dimensions of
 
AGRHYMET, likely the local meteorological service and its
 
ability to produce data. There have been persistent and often
 
computer related implementation problems. Major systems (such
 

3/ Unspoken in the report is the always important role of
 
politics, surely a vital and continuing arbiter among choices.
 



as that in Bamako) may often be down. The very high import
 
content (both in terms of skills and parts) is a serious
 
source of concern. There has been concern that left to their
 
own devices only the exceptional government would be able to
 
carry on even a fraction of the work. Set against all this is
 
the growing attention given meteorological data by the
 
national leaders, the recognition of the advantages which
 
early warning (taken alone) can bring, the provision of mili
tary communications to supplement civil, and there is ample

precedent for staff retention. All of this argues not for a
 
bump at the end of AGRHYMET but a gradual decline to some
 
level which can be supported in the long term topped up now
 
and again with some external financing.
 

Given this the analysis will assume tha sufficient
 
recurrent costs are made ':avaiJable to sustain (15%) of
 
installed capacity which is enough to at least keep agronomic
 
research supplied with weather related data.
 

C. Institutional Analysis
 

Institutionally, the AGRHYMET program is extremely com
plex, involving international, regional, national and local
 
levels of participation, most in both policy and technical
 
roles. Inputs must be coordinated from at least twelve dif
ferent technical assistance sources, covering three main
 
objectives and several subobjectives, and involving several
 
dozen major discrete project or subproject activities, each of
 
which may have to be separately managed.
 

Moreover, because the working definition of the program's
 
objectives has shifted over time, some of the institutional
 
roles in the program have lost their clarity, leading to
 
increased burdens for coordination and supervision being

placed on the already taxed management structure of the pro
gram.
 

As the program enters the implementation phase, which is
 
also the last phase of major donor involvement, it is essen
tial that institutional roles and objectives be put on a
 
sustainable footing.
 

In the same way, the AID-funded portion of the program -
the SWD&M Project -- must also be placed in an institutional 
context which is consistent with the long-term program manage
ment structures. 

The background and issues surrounding institutional
 
development of the program are discussed in detail in the
 
Institutional Annex. Critical institutional issues to 
 be
 
addressed in the coming phase are discussed below under the
 
headings of "program issues" and "project issues."
 



Critical Program Institutional Issues
 

First, and most important, the Executive Conittee of
 
AGRHYMET must implement the redefinition of Objective 3 of the
 program. As noted in Section I.B.1 of this Project Paper, the

November 1986 meeting of the Executive Committee resulted in 
a
formal redefinition of Objective 3, to 
stress that the program

will indirectly contribute 
 to agricultural production

increases through provision of better data, rather

through direct involvement with farmers 

than
 
in the near term.
This change is extremely positive. It will, however, require


the continued leadership of the Executive Committe, 
to assure

that this redefinition is reflected in the plans and funding
commitments of the various 
levels of actors within the system.

The redefinition of Objective 3 will reduce 
unrealistic expec
tations of what the program can 
achieve, but the diversion of
real resources towards short-term agricultural gains must also
be addressed, and is essential 
to sustainable program opera
tions in the coming phase.
 

Complementary to 
this Executive Committee initiative is
 
a
the need for strong WM0 role in assuring that the program


objectives are* properly 
understcod by all participants, and
that donor funding is coordinated in such a way to assure
as 

that the highest priority objectives are funded first. There
is an immediate need to inform all donors of what 
donor fund
ing commitments are, where gaps continue 
to exist, and where
and in what amounts further resources must be channeled to
 assure a coherent program starting in 1987.
 

Finally, the 
 long-discussed "management-by-objectives"

study is of even greater importance in light of the Objective 3 redefinition than it was previously. Steps should be
taken immediately 
to assure that ARC management is given the
 resources necessary undertake a
to such study in sufficient
 
depth and detail to serve as the basis for the 
future evolu
tion of institutional roles, both regionally and nationally.
 

Critical Project Institutional Issues
 

To date, the Data Processing Component of the SWD&M

project has been carried out 
through a PASA with NOAA/NWS, and
the Crop Monitoring Component 
 (for the years that it has
existed), through 
a separate PASA with NOAA/NESDIS. While the
 same two components are proposed 
for Phase III, each will

increase in complexity 
and will require greater integration

with other program elements. The Niger Mission has made 
it
extremely clear that it does not have the management resources
 
necessary to oversee 
two separate contractors for these compo
nents. It is therefore essential a
that single contractor be
responsible for the overall management of all 
technical assis
tance 
for the SWD&M III Project. Moreover, this contractor
 
must be capable of bringing in short-term technical expertise

in a variety of disciplines as needed (via subcontract 
or
in-house personnel) , to select technical resources (hardware,
 



software, methodologies and expertise) from whatever sources
 
are most appropriate to Sahelian needs, to assure French
language instruction and logistical support and to be respon
sible for the cost-effectiveness and developmental soundness
 
of project design and implementation, particularly as they
 
relate to the issues of recurrent cost and RDSS objectives.
 
The design does, however, call for all procurement to be done
 
via an independent procurement services agent (PSA), who could
 
presumably continue to support the program after AID support
 
ends.
 

The second critical institutional issue for the project
 
is its relationship to overall program management. To date,
 
the AID-funded project has been management directly by NOAA
 
and AID. The resident technical advisor does nct report to
 
program direction and has full control over the project bud
get. In the opinion of the design team, the current system
 
does not provide a sustainable model for future Sahelianiza
tion, is inconsistent with the pressure placed on the ARC to
 
implement management-by-objectives, undercuts the effort to
 
encourage coordinated donor support under WMO management and
 
increases the day-to-day management burden on the Niger AID
 
Mission. It is strongly recommended that USAID-funded long
term technical advisors under both components of the project
 
be integrated with program management structure, as are French
 
and other donor experts. While budgetary responsibility
 
should remain with the AID contractor under direct supervision
 
and control by AID, the resources available through AID should
 
be managed within the program, rather than separately.
 

D. Socioeconomic Analysis
 

The economic analysis attempts to determine, through a
 
reference case and sensitivity analyses, the likelihood that
 
investments in the AGRHYMET Program will yield a positive
 
return for the economies of the Sahel.
 

The underlying assumptions of the economic analysis must
 
be consistent with realistic expectations on both the level
 
and timeframe of impacts. This has not always been the case
 
for previous economic justifications of the program, leading
 
either to overestimation of the benefits, 
ously, to estimated benefits which are 
judged by objective observers. 

or, 
not 

equally 
credible 

seri
when 

How Will the Benefits be Realized? 

Two categories of benefit can be identified: (i) time,
 
money and lives saved through early warning of potential food
 
shortfalls and (ii) the value of additional rural production
 
which results from the improved agricultural decision making
 
through consistent and reliable agrometeorological and hydro
logical data.
 



The first category of benefit is extremely difficult to
 
quantify. Any quantifications would be sufficiently suspect

that they could not easily serve as the sole economic justifi
cation of the project without recourse to the simple value
 
judgement that the potential benefits 
are worth the cost.
 
Therefore, the approach taken here is to begin with a quanti
fication of the potential production benefits. If those
 
benefits are seen to be sufficient, over a broad range of
 
assumptions, to justify project expenditures then the non
quantifiable benefits will only strengthen the overall 
eco
nomic attractiveness. If the production benefits 
are insuffi
cient to make the program economically viable, then we can
 
calculate what the value of the non-quantifiable benefits
 
would have to be in order 
for the program to break even.

While such an approach does not make early warning benefits
 
easier to quantify, it does better correspond to the judgemen
tal process necessary to finalize the analysis.
 

The Timeframe of Production*Benefits
 

In conformity with the argument put forth in Section I of
 
the Project Paper, it is assumed that benefits to rural pro
duction systefs will occur indirectly, through existing

research and extension communities, and over long periods

rather than in the short-run. Furthermore, it can reasonably

be supposed that benefits will, in 
early years, be extremely

small, will increase very slowly for a number of years, and
 
will continue to be negligible -- relative to total production
 
-- for over a generation. Thereafter, as a consequence of
 
improvements in infrastructure and communications and advances
 
in scientific research, benefits can be expected to 
 grow

somewhat faster, with noticeable overall results realized
 
somewhere between years 30 and 50 
from today (that is, between
 
2017 and 2037).
 

Therefore, while the investments are heavily front-loaded
 
relative to the 50-year period of analysis (some $60 million
 
to date and another $30 million over the coming five years),

the benefits are almost entirely in the out years. In eco
nomic terms, value far
the discounted present of benefits 
 in
 
the future is very low relative to the nominal future values.
 
That is, a dollar promised in 
fifty years is worth much less
 
than a dollar promised today. This, then is the economic test
 
which must be passed: can we reasonably expect that benefits
 
realized far in the 
 future will be sufficient to offset
 
investments made today?
 

The "diffusion-of-innovation curve" 
used is a character
istic "S-shaped" embodying very low initial
curve a impact,

increasing slowly, and a higher rate of increase in the middle
 
years, tapering off to a stable longer-run level in later
 
years, as shown in Figure II.l. The point at which the rate
 
of increase begins to taper off is 
 known as the "saddle
 
point", as identified in Figure II.l. The vertical 
 axis
 
(Y-Axis) measures the percentage of farmers in the Sahel
 



affected, while the horizontal axis (X-Axis) is time (0-50
 
years).
 

The reference case uses a diffusion curve with a saddle
 
point at year 35, as shown in Figure 11.2. This curve assumes
 
that by 1991, less than one-tenth of one percent of farmers
 
will be affected by agricultural improvements which derive
 
from AGRHYMET produced data, and that the percentage of far- 1
 
mers affected thereafter will be as shown in Table 11.3.
 

Table 11.3
 

RATE OF DIFFUSION OF INNOVATION IN THE SAIEL:
 

REFERENCE CASE
 

Year Percent of Farmers
 

1991 0.098% 
1996 0.28% 
2001 0.64% 
2006 1.31% 
2011 2.58% 
2016 4.99% 
2021 9.56% 
2026 14.76% 
2031 17.51% 
2036 18.95% 

The practical implication of the assumption underlying
 
Table 11.3 is that it will not be until the first decade of
 
the twenty-first century that one percent of Sahelian farmers
 
will even indirectly benefit from yield increases induced as a
 
consequence of the AGRHYMET Program.
 

Two other diffusion curves are tested as well: one with
 
a saddle point at year 30, and the other with a saddle point
 
at year 40. The three curves (including the Reference Case)
 
are compared in Figure 11.3.
 

Underlying Assumptions
 

The current (1986) population of the Sahel is put at
 
35 million. The population is estimated to be 85% rural, with
 
75% of rural dwellers being sedentary farmers. Average rural
 
household size is 9, yielding approximately 2.5 million farm
 
households. Estimated holdings under cultivation are 5 hec
tares per household, 25% of which are taken to be under cash
 
crops, the remainder being used for subsistence agriculture.
 
Irrigated hectares are assumed to be extremely low (2% of
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total holdings). On average, 
subsistence yields put
are at
600 kilograms per hectare, 
cash crop yields at 1000 kg/ha
irrigated yields at 
and
 

1,600 kg/ha. Because the Sahel 
is now in
food deficit, and because deficits are expected to grow, the
opportunity cost for food 
production is measured by the cost
of food imports. 
 At the margin, imported grain is valued at
150 CFA francs per kilogram. Cash crops, 
while typically
higher in market value, given
are a lower economic value
(100 CFA/kg) because 
they do not necessarily require imports
to fill a shortfall relative to anticipated levels.
 

Population growth is put 
at 2.8% 
per annum, but agricultural production increases are held to 1% per annum, which
corresponds 
to average performance over 
the last two decades.
In part, this reflects outmigration from rural areas to urban
centers, and in part it 
reflects 
the per capita* deterioration
of agricultural production. 
 A higher rate of growth than the
1% rate used here would increase the projected benefits 
from
AGRHYMET, but the lower rate 
is used to be conservative.
 

The Reference Case analysis takes 
into consideration all
previous costs incurred for the program, 
starting in 1975.
1987 is taken *as the base 
year, with past investments valued
upwards to convert 
them to 1987 dollars, and future 
investments 
and benefits discounted to present values. 
 Investments
in the program are estimated at $60 million for 
the first ten
 years, $30 million from 1986-1991, and $2 million per year
(real) 
for each year from 1992-2037. This latter figure
represents the 
assumed recurrent cost 
of the program, whether

from donor or national government sources.
 

The Technical Annex on agricultural production suggests
that, 
over the long-run, sizable percentage increases in yield
could accrue 
from better management of climatological phenomena. In bad years, 
the percent increase relative to a
action" 
case should be even higher than in good 
"no
 

years. The
current pilot projects suggest 
that a series of practices to
better manage climate can increase yields by over 50% (even
after removing the effects of better 
agronomic and extension
management in the pilot projects). We assume here that the
maximum yield increase obtained by farmers who do benefit from
the program (see table 
above for percentage of benefitting
farmers) is 30%. Finally, it is 
assumed that farmers producing cash crops and irrigated crops 
will also bex.efit from
AGRHYMET data (irrigated 
crops more from hydrological than
from meteorological information) 
, and that, over time, betterrange management will also be benefit of
a 
 the program. The
same diffusion rate is 
assumed for all rural producers, with
the proportion of overall 
benefits obtained 
from each type of
production activity being 
a function of its relative importance in the rural economy, as summarized in Figure II.4.
 

It should be noted 
that the assumed 
costs of the program
($60 million + $30 million) include all costs, 
including setup
costs, past mistakes and the 
costs which presumably can be
attributed to 
the early warning effort.
 



Results and Conclusions
 

The discount rate used for the analysis is 10%. For
 
convenience, both the net present value (NPV) and the internal
 
rate of return (IRR) are presented. A positive NPV or an IRR
 
above 10% implies that the program is economically viable on
 
the basis of production impacts alone.
 

Reference Case. The reference case gives an IRR of
 
11.5%, or an NPV of $60.5 million. If this case proved cor
rect, the implication is that the AGRHYMET Program will prove
 
economically attractive for the Sahel even when all sunk costs
 
of the past ten years are included on the cost side and when
 
no non-production benefits are considered.
 

Sensitivity Cases. The results of the full set of sensi
tivity analyses are summarized in Table 11.4.
 

Table 11.4
 

SUMMARY OF SENSITIVITY ANALYSIS RESULTS
 
(NPVs in Millions of U.S. Dollars)
 

Sensitivity 	 NPV IRR
 

Case 1: Saddle point at year 30 	 $155.0 13.4%
 

Case 2: Saddle point at year 40 	 -$ 7.2 9.8%
 

Case 3: Sunk costs of past 10 years $147.5 18.7%
 
excluded
 

Case 4: Annual recurrent cost of 	 $ 55.4 11.4%
 

Case 5: Food 	production valued at 10OF/kg $ 17.8 10.5%
 

Case 6: Food 	production in Sahel grows at $ 91.7 12.1%
 
1.5% p.a.
 

Cases 1 and 2 show the results to be quite sensitive to
 
the rate at which improved techniques reach rural producers,
 
with a highly positive NPV if the saddle point occurs at
 
year 30, and a slightly negative NPV if it occurs at year 40.
 
Case 3 presents the economic analysis in a slightly different
 
perspective. In effect, it assumes that all investments to
 
date are sunk costs and that the decision faced by both Sahel
ian Governments and donors today is whether further invest
ments in AGRHYMET will yield benefits which justify the
 
investments yet to be made. This is, of course, a rational
 
economic point of view, since even the decision to suspend the
 
program will do nothing to eliminate past costs, nor is their
 
any appreciable salvage value to existing program assets. In
 



Case 3, further investments are seen to be 
highly profitable

for the Sahel. 
 Case 5 tests the impact of a lower assumed
 
price of food (100 CFA vs. 150 CFA per kilogram). Returns
 
fall sharply in this scenario, but the NPV remains positive,

with an IRR just over 10%. Finally, Case 6 assumes that
 
agricultura± production in the Sahel grows slightly 
faster
 
than it has over the past twenty years (at 1.5% per year vs.
 
1% as assumed in the 
reference case), thereby increasing the
 
base to which production benefits are applied. This 
case
 
yields a sharply increased NPV of $91.7 million and 
an IRR of
12.1%.
 

The finding that the AGRHYMET program is economically

viable appears to be 
robust under a broad range of downside
 
assumptions, based solely on the production benefits. 
 Only if
 
technology diffusion occurs slowly
more than the conservative
 
reference case is there an 
apparent risk of non-viability. To
 
test the importance of this potential risk, a further case was
 
run (Case 7), which is a combination of Cases 2 and 3. That
 
is, for an investment made today (without consideration of
 
sunk costs) would the program be profitable if diffusion
 
occurred at the slower rate assumed in Case 2? 
 Case 7 yields
 
a highly positive NPV of' $79.7 million and an IRR of 15.4%.

Finally, using Case 3 as 
the base case, the NPV remains posi
tive even only than 2.5%
if less a penetration rate is
 
achieved by year 40 (2026) corresponding to saddle point
a at
 
year 50.
 

Because the above results are exclusive of the impact of
 
any benefits from the early warning component, the overall
 
program can be judged economically viable for all cases run,

including Case 2. In this respect, it should be noted that,


dunlike the production gains, the benefits of the early warning

component occur evenly throughout the period of analysis,

rather than being concentrated in the out years. Therefore,
 
even a relatively low valuation will weigh heavily in 
the
 
present value of benefit streams, and consequently in the Net
 
Present Value of the program. Even Case 2 (the worst case)
 
comes within $7.2 million of breaking even at a 10% discount
 
rate, without taking account of the non-quantified benefits
 
from the food, money and 
lives saved by all AGRHYMET efforts
 
to improve food security planning over the next fifty years.

If the program has even minimal success, it seems safe to

conclude that the cumulative value of such non-quantified

benefits will be at least sufficient to make up this $7.2 mil
lion shortfall.
 

E. Environmental Analysis
 

Sahel Water Data and Management Phase III, as with the

previous two phases, has been determined by AID Washington 
to
 
be eligible for a categorical exclusion of standard environ
mental regulations. copy the IEE is in
A of contained 

Annex E.
 



III. IMPLEMENTATION
 

A. Implementation Plan
 

Table III1. shows the detailed implementation plan by
 
component, breaking out technical assistance, equipment pro
curement, training and evaluation separately.
 

Technical assistance is to be provided by a single tech
nical assistance contractor, with equipment purchases handled
 
through a separate procurement services agent. Mission man
agement will be provided by USAID/Niamey under the supervision
 
of an AID direct hire employee, assisted by a personal ser
vices contractor who will be financed under this project.
 

B. Procurement Plan
 

USAID inputs to the Phase II program are now being car

ried out under *two separate PASA agreements: one with the
 
National Weather Service of NOAA, for the data processing
 
component, and the other with the NESDIS division of NOAA, for
 
the remote sensing component. For several reasons, these
 
arrangements cannot continue unchanged during Phase III:
 

USAID/Niamey does not have the staff time or
 
in-house expertise to manage two different
 
contractors for the SWD&M project. The Mission
 
requires, as is consistent with Africa Bureau
 
policy, that all project components be managed
 
by a single contractor, in order to reduce
 
Mission management burdens.
 

It is not cost-effective to maintain two separ
ate contractor home office management struc
tures.
 

The ARC, like the Mission, is better served if
 
it is able to coordinate with a single point of
 

focus for all USAID inputs, as it.already bears
 
the burden of having to coordinate a large
 
number of international, regional and national
 
actors in the program.
 

The AISC branch of NOAA/NESDIS, which has been
 
carrying out the remote sensing component for
 
the past three years, has been formally dis
banded as of January of 1987.
 



Table III.1
 

EQUIPMENT AND OPERATIONS: IMPLEMENTATION SCHEDULE
 

* YEAR 1 YEAR 2 : YEAR 3 YEAR4 : YEAR 5 

: II III IV : I II III IV : I II III IV I I III IV I II III I 

Gambia 

)DP 11/34 :_:_:____ 

80286-based Micros: 

Config #1 : : : : 

Config #2 : : : : : 

Config #3 : _: : : : 

Config #4 : _: : : : 

Cape Verde 

PDP 11/34 : _: : : : 

80286-based Micros: 

Config #1 : : : : 

Config #2 : : : : : 

Config #3 : : : : 

Config #4 

Niger 

PDP 11/34 : _: : :_: 

80286-based Micros:. 

Config #1 : : : : : 

Config #2 : : : : 

Config #3 : : : : 

Config #4 :_:_ : : : 

Mauritania 

PDP 11/34 :N.A. 

80286-based Micros: 

Config #1 : : : : : 

Config #2 : : : : : 

Config #3 : : : : 

Config #4 : : : : : 

Chad 

PDP 11/34 :N.A. : 

80286-based Micros: 

Config #1 : : : : 

Config #2 : : : : : 

Config #3 : : : : 

Config #4 :: : :: 



Table III.1 

EQUIPMENT AND OPERATIONS: IMPLEMENTATION SCHEDULE 

(Continued) 

YEAR 1 YEAR 2 : YEAR 3 YEAR 4 YEAR 5 

: II III IV :I IX III 1V :I Il III IV :I II III IV :I II III 1D 

A. ARC 

PDP 11/60 #1 
PDP 11/60 #2 
Old Unibus I/O 
VAX 780 

Mincomputer #1 
Mincomputer #2 
incoputer #3 
(Mincomputer 04) 

Etherne t 
80286-based Micros 

(National Configurations) 

Configuration #1 

Configuration 02 

C o n f i g u r a t i o n # 3 
Configuration #4 

: 

: 

_:_:_:_: 

: 

: 

: 

:_:_ 

- - - -

: 

: 

: 

: 

: 

- - - -

: 

: 

: 

: 

" 

: 

: 

: 

: 

: 

: 

: 

- - - -

: 

: 

: 

: 

: 

: 

: 

: 
: 

B. NACs . : 

Burkina Faso 

PDP 11/34 : 

80286-based Micros: 

Config #1 : 

C o n f i g #2 : 

Config #3 

Config #4 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 
: 

: 

: 

Mali 

PDP 11/34 : 

80286-based Micros: 

Config 1 
C o n fig # 2 : 

C o n fig # 3 : 

Config #4 : 

_: 

: 

: 
: 

: 

: 

: 
: 

: 

: 

: 

: 

: 

: 

: 

: 

: 
: 

: 

: 

Senegal 

PDP 11/34 : 

80286-based Micros: 

Con fig $1 

Co n fig #2 : 

C o n f i g #3 : 

Config #4 
_: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 

: 



NOAA/NWS does not possess the in-house capacity to take
 
over the functions which have been offered by
 
NOAA/NESDIS, and it is not clear if, as a government
 
agency, it has the mandate to compete with the private
 
sector in recruiting appropriate individuals or
 
subcontractors.
 

For the data processing system, the skills required are
 
widely available through the private sector, which routinely
 
provides similar data processing services to AID throughout the
 
world. The quality of the services provided to the project will
 
depend on an overall knowledge of computer technology and
 
information system design and management, as well as on the
 
quality and French language ability of the specific field staff
 
selected, the experience with USAID procurement and developing
 
country equipment specification requirements and the capacity of
 
managing field projects in a development context.
 

The services required for the remote sensing component will
 
be more difficult to meet from any single source. Even if
 
NOAA/NESDIS/AISC were still in existence, the recent National
 
Academy of Sciences evaluation suggests that this component
 
should draw on a broad range of skills rather than relying on a
 
single methodology. In anticipation of the possible disbanding
 
of AISC, and for reasons of project efficiency, Phase III design
 
relies on the skills of the two individuals to be placed in
 
Niamey, rather than on a single U.S.-based institution. Of
 
these two individuals, the-computer programmer need not, at the
 
outset, have strong experience in crop yield assessment, and the
 
job description allows for use of the kind of computer skills
 
which are widely available. The resident Agrometeorologist,
 
however, should be familiar with satellite data, crop yield
 
assessment arid perferably, with the NOAA assessment
 
methodology. Short-term experts can be drawn from former staff
 
of AISC, froin NASSA, USDA and/or universities and the private
 
sector.
 

The most difficult to replace service, in the absence of
 
AISC, will be the training portion of the remote sensing
 
component. A collection of individuals with some past
 
experience in the field will not be sufficient to create a
 
coherent training program which teaches an established,
 
implementable methodology and which builds upon past training
 
offered through AISC. It is recommended that, after an initial
 
review of remote sensing component options to be performed early
 
in Phase III, a suitable contractor be selected for this
 
training. The ARC and all past trainees at the NACs interviewed
 
by the Project Paper team expressed satisfaction of the training
 
program carried out in Columbia, although with the caveat that
 
it would benefit from greater French language support.
 



Detailed consideration of these issues by each of the
 
Project Paper team members has yielded the following list of
 
criteria for determining an appropriate contracting mechanism:
 

o 	 Ability to manage all project components.
 

o 	 Experience and track record in managing complex
 
field projects.
 

o 	 Knowledge of development, including economics,
 
recurrent costs, institutional development and
 
Sahel-specific issues.
 

o 	 Range of technical skills, including experience
 
with large-scale as well as PC-based systems,
 
information system management and software
 
development and support.
 

o 	 Ability to subcontract and use consultants in
 
order to draw from a broad range of technical
 
and scientific expertise.
 

o 	 French language capacity of staff and consul
tants.
 

o 	 Training experience, especially in Africa-based
 
French language training.
 

o 	 Familiarity with AID reporting and financial
 
requirements in order to reduce Mission manage
ment burdens.
 

o 	 For the remote sensing component, ability to
 
establish technical credibility with the scien
tific community.
 

No specific weights have been attached to these criteria,
 
and they are not presented in order of importance. Implemen
tation of the project must be guided by a vision of what the
 
AGRHYMET program, and the SWD&M project, can contribute to
 
Sahelian development, of what sustainable objectives should be
 
now and in the post-project period and of how to bring techni
cal resources to bear to accomplish these objectives, given
 
institutional circumstances in the Sahel, budget constraints
 
and time limitations.
 

Given the disbanding of NOAA/AISC, sole source contract
ing with NOAA would not meet AID regulations (Handbook 12,
 
Chapter 2) requiring that the entity is "not competitive with
 
private enterprise." As a number of private sector organiza
tions offer data processing services of the kind required for
 



this project. NOAA would clearly compete 
with the private

sector. Therefore, is recommended that contractor selection
 
be made through competitive bids. This option is believed to
 
afford the best chance satisfying the range of criteria neces
sary to successful implementation of the Phase III project and
 
of long-term program objectives.
 

When contracts are awarded under full and open competi
tion procedures, AID will encourage the participation to the
 
maximum 
extent possible of small business concerns, small
 
disadvantaged business concerns, women-owned
and small busi
ness concerns 
in this activity as prime contractors or subcon
tractors 
in accordance with Part 19 of the Federal Acquisition

Regulation. A.I.D. will make 
every reasonable effort to
 
identify and make maximum practicable use of such concerns.
 
All selection evaluation criteria being found equal, the
 
participation of such 
concerns may become a determining factor
 
for selection.
 

C. Transition from Phase II to Phase III Contractor
 

1. Information Systems Component
 

In order to assure that the transition to the new con
tractor selected to implement the project occurs without
 
disruption of program activities, the current PASA agreements

with NOAA will be initially extended for a period not to
 
exceed 9 months.
 

The total cost of the nine-month extension of the NOAA/

NWS PASA is currently estimated at approximately $900,000.

The PASA should be written to allow enough flexibility to
 
extend NOAA services for from one three months if
to the
 
situation warrants.
 

The PASA extension will allow for field technical se: 
vices, home office support, maintenance costs, U.S. training,

and a limited amount of equipment.
 

The extension of field technical personnel and home
 
office support will allow current personnel to remain in place

for at least three months after the new contractor has placed

field staff in Niamey (expected by January 1988). The main
tenance budget provided under the PASA extension will allow
 
normal maintenance operations for nine months.
 

The U.S. training costs budget will permit trainees
 
already in the U.S. to complete their long-term programs.

NOAA will also place two additional long-term trainees in
 
September 1987. 
 Their training will continue until September

of 1990. The justification for placement of two additional
 
trainees, despite the emphasis in the design of Phase III 
on
 



short-term training, is that the two individuals to be placed
 
in September 1987 are both candidates for ARC maintenance
 
positions, which require greater expertise than is required
 
for the NACs.
 

A limited amount cf equipment will be needed during the
 
transition to meet needs which cannot easily be deferred until
 
the new contractor is in place. New equipment purchases by
 
NOAA should be kept to a minimum, however, to avoid duplica
tion with future project purchases and incompatibility of
 
equipment and/or system design philosophies.
 

The new contractor will take over support to long-term
 
trainees already in the U.S. This will be provided from the
 
contractor's home office and will obviate the need for low
 
level administrative and technical support from NOAA until
 
1990. While NOAA has past experience and success at providing
 
trainee support, it will be much more cost-effective to handle
 
this intermittent function through contractor home office
 
staff than to maintain separate NOAA staff for the purpose.
 

Table 111.2 shows the implementation schedule for the
 
transition period, and includes the timeline for solicitation
 
of proposals, contractor selection, contract negotiation, and
 
placement of field staff.
 

2. 	 Remote Sensing Component
 

Under a Separate PASA agreement with NOAA/NESDIS and the 
Cooperative Institute for Applied Meteorology (NOAA and the 
University of-Missouri), AID will also extend the services of 
CIAM for one year. This extension, which will be financed 
through non-project sources, will permit provision of remote 
sensing data, images, software, and training through the 1987 
crop season. It will also allow further development work and 
training in the period from March 1987 - March 1988. The new 
SWD&M III contractor will have sufficient overlap with this 

effort to allow an orderly transition and the establishment of 
operational systems in time for the 1988 crop season.
 

3. .Specific Phase III Contracting Mechanisms
 

Under the Phase III project, AID will obtain the follow
ing contractor services:
 

o 	 A technical assistance contractor who will
 
provide all long-term technical assistance,
 
project management, short-term specialists and
 
through whom routine supplies will be procured.
 



Table 111.2
 

TRANSITION PLAN
 

TRANSITION ACTIVITY MAY JUN JUL AUG SEPT OCT NOV DEC JAN FEB MAR 

Contracting 

PP Approved 0 

RFP Preparation 

RFP Issued - CBD Announcement 0 

Proposals Prepared & Received ------- 0 

Evaluation of Proposals & Award ----------- o 

Contract Signature 0 

Phase Ill TA Contractor in Field 0 

NOAA Phase II Closeout 

----------------------------------

Project Technical Manager (PTh) Provide- -------

NOAA Logistics Technical Description 

to AID 

NOAA Provide Logistics Plan to AID . o------

A G R H Y M E T A s s u m e s M a i n t e n a n c e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Responsibility 

NOAA in Back-Up Mode for Maintenance 

NOAA Provide Only Phase II Closeout 

Procurement & Installation 

NOAA Conducts Washington Orientation 

for Bidders 

NOAA PT Orient Phase IIl Contractor 

Phase III Contractor Assumes Logistics 

Responsibility 

Phase III Contractor Assumes Training 

Responsibi lity 

NOAA PASA Ends - PTM Returns 

----------------------------------.----



------------------------------

Table 111.2
 

TRANSITION PLAN
 

(Continued)
 

TRANSITION ACTIVITY . MAY JUN JUL AUG SEPT OCT NOV DEC JAN FEB MAR 

Special Studies
 

Management Study
 

Initial Visits
 
0Draft Management Plan 


CAC Meeting
 

-

Remote Sensing Expert Team 

NOTE: For details on the Management Study, see Section 

II.C. For details on the Remote Sensing Expert Team
 
Study, see Section - II.A.2.
 



A procurement services a (PSA) through whom
 
AGRHYMET will procure equipment and spare parts
 
funded by AID. The use of such a PSA will
 
facilitate procurement during Phase III by
 
relying on an experienced procurement agent
 
such as those utilized in current AID IQC
 
arrangements.
 

D. Monitoring/Evaluation Plan
 

1. Monitoring
 

a. The Integrated Program
 

The WMO is the Implementing Agency, and has responsibil
ity for monitoring the overall program. In this capacity, it
 
reports to the AGRHYMET Executive Committee, composed of
 
representatives of each member state and of-CILSS. 
 The Execu
tive Committee is assisted by the Coordinating and Advisory

Committee (CAC), to whose Chairman WMO also reports. All
 
major international agencies and donors who contribute to
 
AGRHYMET are represented on the CAC.
 

The Chairman of the CAC has primary responsibility for
 
assuring that donors are kept informed of program status. The
 
CAC Chairman participates in Executive Committee Meetings as
 
an observer, and both the Executive Secretary of CILSS and the
 
Chairman of the Executive Committee participate in CAC meet
ings. .F.inally, the Director General of the AGRHYMET Program

attends both the Executive Committee and CAC meetings, assur
ing coordination between these bodies.
 

Two specific steps are recommended to improve monitoring
 
and coordination during Phase III:
 

A detailed report by the WMO, through the CAC
 
Chairman, at the next CAC meeting, on the size
 
and nature of donor contributions to Phase III,
 
comparison of these contributions to priority
 
funding requirements and identification of
 
outstanding areas for which funding either does
 
not yet exist or is still insufficient.
 

A joint meeting of the CAC and of either the
 
Executive Committee or other designated country
 
representatives, in order to assure that pro
grams being implemented during Phase III are
 
consistent with post-project transition, and to
 
identify further transition issues to be
 
resolved during Phase III. The Management
 
Study will be a primary source of information
 
for this aspect of program monitoring.
 



b. The Sahel Water Data and Management III Project
 

Direct monitoring of the project will be carried out by
 
the project Contractor, who will be responsible for implemen
tation of all project components. All project field and
 
short-term personnel will report to the Contractor's Project
 
Manager, who in turn will be directly accountable to USAID/
 

Niamey. The AFR/SWA will collaborate with PD/SWAP and other
 
AID/W offices to support USAID/Niamey in project oversight and
 
financial control.
 

The project Contractor will have specific responsibility
 
to assure that USAID Missions in each participating country
 
receive adequate and timely information on project activities
 
in their countries, and that they are regularly updated on
 
overall project status. Anticipated national activities will
 
be reported to each Mission by Cable System from USAID Niamey,
 
and through regular visits by field personnel to each Mission.
 
Updates on project status will be provided by the Contractor's
 
home office management in the form of substantive Quarterly
 
Progress Reports and an Annual Report distributed to all
 
relevant AID offices. These reports will also contain, where
 
appropriate, information about other program activities (out
side the AID project) which may be useful to AID and which
 
facilitate donor coordination within each country. It is
 
recommended that at least the Annual Reports also be made
 
available to the Executive Committee and the CAC.
 

2. Evaluation Plan
 

The AID SWD&M Project, as well as the AGRHYMET Program,
 
have been in existence for ten years. Both proposed compo
nents of the Phase III AID project are already operational.
 
Phase III is intended to be the implementation phase of the
 
program, and may be the last phase which relies primarily on
 
donor support. For these reasons, both a detailed mid-term
 
evaluation and a thorough end-of-project evaluation are recom
mended.
 

The objective of the mid-term. evaluation should be to
 
determine if the Phase III design and its implementation meet
 
the twin criteria of feasibility and sustainability. The
 
objective of this evaluation should not simply be to determine
 
how successful the project has been (an implicit purpose of
 
any evaluation), but much more to assure that measures to
 
improve project performance be undertaken in time to affect
 
the course of Phase III implementation. Specifically, factors
 
to be examined should be those which affect achievement of
 



Phase III objectives and which will 
increase the cost-effi
ciency and sustainability of post-Phase III Sahelianization.
 
Such factors include:
 

A review of progress towards implementation of
 
the recommendations of the Management Study.
 

Rate at which regional and national maintenance
 
responsibility is being successfully trans
ferred to Sahelian personnel.
 

Level of up-time of sufficient system capacity

(ARC and NAC computers) to perform all critical
 
functions.
 

Recurrent cost of data processing system main
tenance.
 

Level of development of satellite data inter
pretation methods and ancillary tools, such as
 
packaged mapping and database programs.
 
Success at transferring satellite data inter
pretation methodology to Sahelian personnel.
 

Efficiency of training programs.
 

Coordination of remote sensing/crop monitoring

component with other food deficit early warning
 
systems/actors.
 

Degree to which technological advances in
 
computer hardware and software and/or in satel
lite data processing technology render existing
 
or planned project activities obsolete.
 

Extent to which solutions to the telecommunica
tions bottlenecks have proven viable and pro
gress towards their implementation.
 

Finally, relative success or failure of the
 
project in establishing clear, simple and
 
appropriate systems and tools to carry on
 
project operations with a minimum reliance upon

costly expatriate inputs, particularly in the
 
post-1991 period and beyond.
 

The end-of project evaluation will consider largely the
 
same set of issues. The focus will be more on performance

evaluation and less on mid-course correction, although

strengthening the quality and appropriateness of systems left
 
in place for the post-1991 phase will also be a major objec
tive of this evaluation.
 



The mid-term evaluation should take place at the end of
 
year 2 of the project. To the extent possible, it should be
 
carried out by individuals with some knowledge of the project
 
and whose mix of skills maximize the likelihood that they will
 
be able to make positive contributions to refining the project
 
course over the remaining three years of its existence. The
 
end-of-project evaluation should take place six months before
 
the end of Phase III.
 



CONDITIONS, COVENANTS AND NEGOTIATING STATUS
IV. 


Because of the previous two phases of AGRHYMET
 

implementation and the frequent, intensive reviews and analyses
 
status of Phase III


Phase III to date, the
undertaken on 
 The
 
implementation planning is already very well advanced. 


included a
 
A.I.D./W approval of the final Project 

Paper 


requirement that special attention bc drawn 
to the upcoming
 

WMO/AGRHYMET management study which is expected to more clearly
 

define AGRHYMET program objectives, the roles 
of various actors
 

in the AGRHYMET network, and key products 
which can be generated
 

This led to the inclusion of the special

by the program. 

covenant language on the management study 

noted below.
 

the Grant
 
Conditions Precedent and covenants to be 

placed in 


Agreement are noted below:
 

Condition Precedent
 

1. 	 Standard specimen signature
 
Evidence of availability of funds from other 

donors and
 
2. 


the CILSS regional organization.
 

Covenants
 

1. 	 The results of the AGRHYMET Management Study 
agreed to
 

at the 5/15/87 meeting of the CAC will be made
 

available to all CAC members by 1/1/88 and 
the final
 

version of the AGRHYMET Management Plan 
will be
 

reviewed and approved
formally submitted to A.I.D. once 


by the CAC.
 

The CAC will annually review the status 
of AGRHYMET
 

2. 

its avowed objectives, as
 performance in relation to 


expressed by its management plan, and, further, will
 

conduct a comprehensive performance review 
in 1990,
 

in-depth A.I.D. evaluation
an
following completion of 


currently scheduled for 7/89.
 

The Sahelian personnel provided under 
CILSS funding


3. 

will be provided as agreed by AGRHYMET 

and the CAC.
 



Sahel Water Data and Management III (625-0973) 

Methods of Implementation and Financing 
(3000) 

Method of Implementation Method of Fiancing 
LOP 

Estimated Amount 

Grant to World 
Meteorological Org. 

Letter of Credit 3 9,000 

1) Tie World Meteorological Organization is audited annually.
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PART ONE
 
FINANCIAL SUMMARY OF PROJECT COMPONENTS
 

This section, 
 Part One of the Technical Annex,

provides three summary tables 
(Tables D.1-D.3) which show

the budgets for the "Recommended Project Design", the

"Higher Budget Option" and 
 the "Low Budget Option",

respectively. 
The principal differences in these options

are changes in the Data Processing Component (in all three
 
options), and, for the 
"Higher Budget Option", addition of
the component to monitor pilot agricultural projects. The
"Lower Budget 
 Option" is considered unrealistic, and

carries with 
 it two major uncertainties: first, that

repair ccsts 
 may be higher than anzicipated because
failure to put in new equipment will increase reliance 
on

the existing systems; second, that post-project recurrent
 
costs to be borne by Sahelian countries will be much
 
higher than in the other options.
 

Finally, it should 
be noted that 
 in all three
 
options, there is a 
$1 million allowance for eventual

Mission "buy-ins". Further descriptions of each component

and of the 
three cotions are contained in the remainder of

the Technical Annex and in the 
main body of the Project
 
paper.
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PART TWO
 
THE DATA PROCESSING COMPONENT
 

I. OBJECTIVES OF AGRHYMET DATA PROCESSING SYSTEMS
 

In general terms, the data processing facilities
 
provided by USAID through NOAA/OOPS provide a high level
 
of technical support to experts at the AGRHYMET Regional

Center (ARC). Tt is clear from the 
 1985 Mid-Term
 
Evaluation Report that without extensive computer support,

Phase III objectives of the center can not be reached.
 
However, as of 1985, sufficient computing capacity was 
not
 
available to achieve 
these objectives and an appropriate
 
upgrade of capacity and features was called for.
 

In the National AGRHYMET Centers (NACs), data
 
processing has yet to become integral part the
an of 

national services operation. This is due to many factcrs
 
but primary is very late and inappropriate implementation.

Without sianificant chanues in the design philosophy, the 
national centers will never achieve adecuate 
comnuterizar-ion. 

In concise form, Phase IIi objectives of AGRHYMET 
data processing have been identified as: 

1. 	 Minimize recurring costs during Phase III
 
2. 	 Prcvide a reliable system at all sites
 
3. 	 Build a sustainable system beyond Phase III
 
4. 	 Meet or exceed processing requirements, leaving 

room for growth
5. 	 Design an upgrade schedule which anticipates
 

advances in technology
 
6. 	 Choose technology appropriate for the region
 

Program verses Project Sustainability
 

In this writer's opinion, ARC functionality can not
 
be sustained without continued donor support past the end
 
of Phase III. However, sufficient computer resources can
 
be sustained through a combination of CILSS and other
 
donor support if different configurations are implemented

during Phase III which maximize effective capacity while
 
keeping recurrent costs to a minimum.
 

The national services can function without donor
 
input after the end of project, but only with low
 
recurrent cost data processing systems.
 



II. MAJOR PROJECT FUNDING OPTIONS
 

While the USAID component of AGRHYMET funding is 
not
 a major one, it is a very important part of the overall

project. However, 
 due to changing priorities in'
Washington, continued funding at levels
the of Phases I

and II is unlikely. Four 
approaches can be identified,

from complete withdrawal to realistic
a design which

minimizes recurring costs during and after Phase III. 
 The
following brief descriptions of these approaches

references certain technical issues that 
are covered in
 
more depth elsewhere.
 

A. Total Withdrawal
 

Total withdrawal of USAID support at the beginning of

Phase III will have a profound effect on present andfuture operations of AGRHYET. In nearthe term,

maintenance and logistics would
tasks become the
responsibility of either Sahelian 
staff or other donor

expatriates, Leaving less time for 
their own duties. 

At lh ARC, the absence of U.S. technical suoport 
would be felt as soon as repair parts needed from theUS. Depending upon circumstance, this could happen within
anywhere from two months to two years. Ocher donorfunding to maintain the new VAX 720 computer would be
essential and probably fcrthcoming, -'s both current

modeling activities, 
the new French satellite receivinc

station, and future data base activity will deDend heavily

on it. Without the added capacity which new is
the -A7,.r
slated 
to provide, ARC data processing needs will continue
 
to exceed the capacity of the present systems.
 

At the national level, USAID support levels 
depend

upon local talents and the 
status of installations. Those
countries currently without operational systems will

be able to complete installation. 

not
 
In countries with


installed systems but ineffective repair staff,

Sahelian staff can provide support without 

ARC
 
USAID but not
 

without overextending their resources.
 

As a worst case, if another AGRHYMET donor were

unable or unwilling to pick up data processing support,

the regional center could lose its central data processing

capacity within two years or 
less. The French remote

sensing application could not be developed at Niamey, and
 any computing would be limited to 
 that possible on
 
personal computers.
 

At national levels, where 
few countries yet depend
upon national data processing systems, the loss of the
USAID component would be much 
less dramatic in the short
 
run.
 



Data processing capability is 
*a necessary component

of continued developments in III.
Phase Without

additional support, national services will not 
be able to
 
progress beyond current 
levels of manual analysis and

document preparations. Furthermore, database 
development
 
can not even begin.
 

B. Minimum Funding to Complete Objectives of Phase II
 

With respect to national data processing and
 
telecommunications, the objectives of Phase II have 
not
 
been completed by the end of the phase. lower
Some level
 
of USAID funding could 
 assure completion of these
 
objectives. 
 owever, data processing objectives,

especially for the national 
 components, were not
 
appropriate for conditions in every country.
 

More importantly, 
as explained elsewhere in this
 paper, realistic recurring costs are of upmost importance.
Current Phase I! objectives have not adequately addressed
the issue of realistic recurring costs, and will leavePhase iii and beyond with unobtainable funding 
requirements. 

C. Sustain Project at Current Rate of Prcgaress 

NOAA was requested to submit a budget Phasefor III
before the Project Design Team was fielded and there was 
no obvious efforz at design. Thus, this budget can beconsidered as that required foz a sustained zate of 
progress.
 

While this is almost like approach B, in that it 
presumes completion of Phase 
 II objectives, it also
describes a larger, multi-user computer configuration at
NAC's as the solution to unresolved issues of data

processing. While multi-user systems are usually more
 
cost effective than personal computer networks, conditions
 
in the Sahelian countries are not supportive of such
 
complex systems.
 

D. Fund at a Level of Aporopriate Technology
 

Current data processing capacity 
at the ARC attests
 
to NOAA's technical expertise, and is designed to develop

into a complex multi-user system. However, the current
 
system has very high recurrent costs, the laraest element

of which is system maintenance. Single, large systems

such as the 
present one can have astronomical repair costs
 
if up-time is to be kept near 100%. In the United States,

the economies of scale which 
a complex, multi-user system
offers can potentially 
offset the need to maintain the

main system at 
all costs, both because routine maintenance
 



Z' 

is be ter and~b s bothaccess to' 1and 'cost of repairs 

i~t" ,,In; a. new ::design,.;;total, redundancyis,;inotcs
ef..
--. fective,,ilas. either ;the" staindb ;:system :iis !:a;!; was..
.. .resources95%of the rtme,
lia te - n ,o. e of.....;,comp'g
 
resources requires regu ar- use 
of 	the standb systanatredundancy is lost. 
 A better design callrsed thes
forndan
nouseof
 

modular systems, with 
a single module specified as large

enough to accommodate the largest: processing, task 
and
enough modules specified to accommodate - a -normal"' demand. 
for processing capacity. , Failure of a single, and petaps
even of several modules (computers) may Istill. allow

critical function~s to ;go on on the remaining moduls,. and
S.-the urgency of repair is significantly lowered. Repair

costs can be 
kept within budget and up-time can approa'ch

100%.
 

The same reasoning must apply at the NACs. if
* 	 anything, the capacity to bear recurrent costs is lower,
and the liklihood of prolonged equipment down-time , is 
higher at the NA~s. Therefore, a simple and reliable dataprocessing' solution 
must be designed at the national
 
level. Personal computer "modules" should also 
 be

serviceable' and supportable locally, reducing the need for
expensive maintenance, staff 
training and/or regional staff
 

. t;vel to backstop local staff. Becau'se personal computer

:tchnology newer
- i is than the now ageina PDP-1l/34s ', and
because they are so widely used, 
they can provide both an


icrease in effective capacity (memory, storage, speed)
and a much broader' range of off-the-shelf software 
at
 
reasonable prices.
 

~III. TECHNICAL ISSUES 

' 

A. Data Processing
 

Much of the data processing equipment installed in

the AGRHYMET program 
is 	of a 1970 design. Except, for

mechanical components, most of the system is 
as -reliable
 
as when it was new. However, "newer technology: is
... . inherently .more reliable and less costly to repair, d, 
mun-,
 

i:-.,part to -lower component count .(VLSI or Very Large Scale
Inte ration)'. Newer mechanical designs, for printers, tape--
drives, and disk drives 
 are 	-also vdesigned with fewer 

- -moving 
 parts and with better wearing.materials.
 

~Referring to the 
 l6-bit addres's size 'tcnlgy
discussion I~n the 1985 Mid-Term Evaluation ',Report,4-. ",'-- . . * 	 .,newer- ' -, " - '. ... > '':-{<''- : , :!: " : :.{ " :;, :,?'ig>, ?'";g , '" .:;!'14 ; ." -: 
' 

': i,:* A~*~ sy'stems have the' ability to run much larger ,applications'-i-programs. More 
-

comrilyAA~A'AA~ 	 a AA 
w itte programs

- and 



applications tools 
 have been produced for 
 newer
technologies 
at less cost due to the 
ease of programming
and the popularity of newer 
systems. Such a system has
been installed at 
the ARC, but the national centers still

have older technology.
 

While the 
large VAX 780 recently installed at the ARC
answers questions of address size and 
program availability, it is not designed with VLSI 
technology. More
importantly, it is an 
example of putting all of one's
computing eggs in 
one basket. Even with the 
large set of
spare parts delivered with the 
VAX 780, 
there will occur
occasional component failures that can not be 
isolated and
repaired i'n short
a time (within one two
or days).
Because ARC staff will depend upon 
the VAX 780 for operational computing, down-times 
greater that 
two days will be
an unacceptable level of availability, especially during
critical seasonal activities. At such times, repair costs
will exceed budget, if up-times must be kent near 100'.Practical budget considerations wll permit only 30 
to 96
up-time. Redindant or clustered systems are the onlyto keep control of repair costs, and can 
.ay

provide morecomnutl~a capacity at lower cost, especially,/ if newer,
VLSI technolcgy is used.
 

The PD? 11,134 computers at the NAC's are. smecificexamules of inappropriate technology. The dust of theSahel is very destructive if allowed into a moderndrive. The non-sealed design 
disk 

of the RA60 disk drive
permits contamination 
if dust control is nct rigorously
practiced at the centers. The 11/34 has very littlememory and program 
As a 

size capability by today's standards.multi-user system, 11/34the can not serve the
national users 
 in their place of work (the ministry
offices) 
 without expensive, unreliable 
 interactive
terminal communications 
lines. (For example, a number of
countries 
have received estimates of $3,000 
per month to
rent a remote, dedicated terminal 
circuit from the local
telephone company 
that connects the ministry 
offices
the computer.) Even travel to and 
to
 

from the location of
the 11/34 has become 
an obstacle to productive use of the
system in some countries. Finally, a multi-user system is
a single point of failure. If the PDP 11/34 goes down (as
all have for extended periods), virtually all computer

operations must come 
to a halt.
 

B. Telecommunications
 

In review, 
present telecommunications 
consists of
single side band 
(SSB) transmission 
of instrument data
from field to national service; telex or 
GTS transmission
of national data to regional center; and telex or GTS
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' : nationral--:.oo
. se.-u.. rie s.iEach needivty has 6-m,,.as for imp'(e :195,1!r ovmn 
More SSB radios 
are needed to increase the volume of
real-time data. 
 Better, power supplies
existing radios. are needed for the
AGRHYMET computers at the. natin al
center are not interfaced to the Telex network or theGTS. to 


long 
Telex and GTS transmission is non-interactive,'delays are present for soany ransnii..... 
 error


Finally, GTS
task. .correction 
 message handling is
designed for short-lived, 
real-time weather. advisories,. so
AGRHYMET messages 
can be 

due 

lost if the GTS system overloads
to radio transmission failure.
 

None of the methods presently in 
use permit either an
economical 
 or reliable 
 media for-
 general
transmission. dat.
 
distributed The AGRHYMET system can
computer network be -viewed as a
only 
 if high-s eed, .interact.ive data communications 
is possible. 
 More timely,

accurate, 
 and greater 
detail messages 
can be shared.
Remote maintenance of
datoses by system anda small cadre of application 4programs andregiona~l.center :staff i:s,Psil, resulting in. a betteri maintained: syste'm withi 
lower transportation costs.
 

The only other network available in the region is the
Panaftel long 
 4istance
reliability, g*vernment voice network.. Questions of
regulation, 
 and cost Must
answered before.:- this be
media can be integrated into the
AGRHYMET progrnun. Equipment
(MODEMS) should be to interface to Panaftel
purchased to prototype a network.
 

Long term cost 
of the Panaft'el approach
distance charges) (in long
becomes a recurring
approach may have to be 
cost issue. This
only an interim.-method 
until a
more cost effective approach becomes available.
 

One of 
 the more 
 promising transmission
involves methods
the use of one or more weather 'satellites
as (such
MeteoSat) with spare transponder capacity4 available to
regional programs. Relatively inexpens 
 ground' tranSmit
and receive stations are available that would provide more
 
than enough
potentially data transmission capacity for AGRHYMET 
with
very low recurrent 
costs.,
 

Whatever approaches arefacilities available in. the .Sahelinvestigated, the naturerequires a mulidn of 
to .pproachimproving telecommunications
Enough studies have been 'done to for AGRHYMET.
define the problems 'and
limitations of available media'PseI 
 holseeom
immediate prototype efforts of new approaches~ so. that by'the latter part of Phase III 4there' can, be a workingdistributed processing network Eor' AGRHYMET.' Again' the
 

4~~~7-
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resulting telecommunications 
 must have affordable
 

recurring costs after the end of the project.
 

C. Software
 

Software applications 
development and implementation

have not pace with
kept requirements, due to the

limitations 
 of current systems, deferred system
installation, and insufficient 
software staff. What has
been written is 
 appropriate to the requirements, well
documented and easy 
to use. The project needs more
sophisticated application software tools 
such as data base
management systems, spread sheets and word processors 
that
ate uniform and compatible between national and regional

centers. 
 These tools will permit more rapid development

and implementation of appropriate applications.
 

The only software development tool currently
available is FORTRAN. APplications that are useful toAGRHYMET and that run on current system! have not been
available commercially.
This had fcrced in-house develooment with all of zheattendant rclems o p rogra mng, includina exten:Ie.development times, staff turnover, unprediczab! debugging
times, very high development costs relative to the priceof available PC software, and the limirations o: available 
expertise. More funds should be available c rapplications programmers and toexperts investigate
mercial sources and 

com
cc municate with colleagues involved 

in the same work eisewhere. 

D. Technical Suoport
 

I'n order 'or AGRHYMET to achieve overall goals within
 a limited budget, regional and national staff need the

best technical 
advice available to make effective use of
available resources. While the 
NOAA technical manager has
become familiar with the problems of 
the. Sahel, there

needs to be 
a continued flow of technical advice and
information from all sources. 
 The project needs short
term consultants, properly 
briefed on conditions found in
the Sahel (as this project has had enough written about it
to more than adequately brief any future 
consultant, time
 
must be set aside for reading it).
 

Much of the technical support has been in the form of
maintenance and logistics supervision. This is necessary

but not sufficient. Travel difficulties do not permit
rapid response when national 
centers call for assistance
 
to the regional staff. Experience has shown that it is
very difficult 
 to train and keep effective repair

technicians at the national 
centers. A number sites
of
have remained inoperable f6r long periods of 
time due to
 
support problems.
 



US-based training of maintenance personnel has proven

to be very costly with significant inefficiencies.
 
Personnel loss 
and inadequate job performance resulted in
 
very spotty success in 
keeping national center computing

systems operational. 
Less complex national systems, local'
 
support available national
to centers, and more cost
 
effective training will help make better 
use of available

personnel. More emphasis must be placed 
on on-the-job

training (OJT) of operations and maintenance staff working

toward self-sufficiency.
 

Phase III should see an emphasis put on the

Sahelianization of technical support. could
It take the

full five years to institute improved selection, training,

and conversion of well as
equipment as implementation of a

logistics chain of supply that is 
affordable after the end
 
of pruject.
 

Ncw is zhe time to find alternative sources oftechnical support through competitive bidding. This would
include advice, maintenance, and training. After 10 years
of excerience, AGrHY.-ET and USAID contractors can write aset of perfofrmance requirements that can assure adequate
and mcnito)abie rerformance of commerciala contractor at 
the oest cost benefit. 

The issue of adequately :mnitoring the progress and 
performance of tre various US1'.'. components of the project
has been raised numerous 7:;es during the Mid-Term
va.uation and the Pro]ec.. -ssian Paper mission. A


s:Irisfactory method must be -i.z- !. l ed no matter who is the

provider of Phase III techni'.2._ S.-a 'vices. The mission at

Niamey has the final responslilizy for monitoring the

project but has limited in-house technical expertise and
 
severe time limitations.For the project design to be

complete, specific time-based objectives must be

identified and agreed to by all parties and 
periodic

reviews of status and performance held at the regional

level. This activity alone can justify the 
 effort

required to improve the data communications capability of
 
AGRHYMET.
 

E. Training
 

One of the more important aspects of technical
 
support is training. The project can not meet its

objectives without cadre trained
a of and experienced

Sahelians to and
operate maintain all telecommunications
 
and data processing components.
 

US-based training of maintenance personnel has proven
to be very costly with significant inefficiencies.
 
Attrition and inadequate job performance resulted in very
 



spotty success in keeping national center computing

systems operational. At the current rate of loss of
 
trained maintenance personnel, 20-30% the
of proposed

Phase III USAID budget will be needed to maintain adequate

staffing levels with current equipment during Phase III.
 

Phase III must include actions to reduce the cost of
 
technical training and the requirement for US-based
 
training. At the ARC, facilities are available to orovide
 
most of the vendor specific training, if expatriate

instructors are provided. In Niamey, 
the local university

shou : be tapped for either graduates or a course of study

that will satisfy the requirements for a general,

tech:.Lcal education that the Phase II 'US-based training 
supplied.
 

As is emphasized elsewhere in this annex, the current 
level of data processing equipment is too old and complex
to be successfully maintained in the long run. A redesign

in Phase III must take into account reducing the
 
requirerents for trained, dedicated maintenance personnel.
 

Two main raticnales have been given for [JS-Lased 
training: 

o 	 that to beccme proficient in ccmputer
maintenance, trainees would in any case need to 
learn English
 

o 	 that such training would "add tc the general
 
education base of the Sahel"
 

With respect to the 
 first point, the ccmputer
industry is becoming' increasingly international (this was 
not the case when the training programs were begun) , and
French-language training and documentation is now widely
 
available.
 

While the second rationale may have some internal
 
merit, it seems unjustified to conclude that training

Sahelians in maintenance of costly and sometimes
 
unecessary equipment is the best way to it.
do Moreover,

the high attrition rate combined with the poor repair

record at NACs suggests that whatever the secondary

benefits, this approach provides little value for the
 
money to the AGRHYMET Program.
 

Finally, the cost to the countries after the end of

Phase III of keeping a satisfactory level of US-trained
 
staff at a 50% attrition rate is obviously unaffordable.
 
Other sources of training must be identified or developed.
 



IV. PHASE III DATA PROCESSING PLAN
 

A. Project Requirements
 

The following project requirements are based upon,
interviews with and
ARC NAC staff, the 1985 Mid-Term
Evaluation and 
an number of reports written by ARC 
staff
and consultants. Almost all 
of the software required can
be purchased in the 
 US or Europe but requires a
significant redesign of the hardware systems.
 

1. Regional Center
 

Software requirements include but 
are not limited to:
 

Personal Multi-User
Software development tools x x 
Data collection X 
Model deveicpment 
 x 0
Scread Sheet 
 x 
 o
Statistics 
 x 
 x
 
Com;munications X
 
Word Processing x 
Data Bark x x 
Data Base 
 x 0
Mapoing 
 oImage Processing 
 C
Presentation Graphics x

Inventory control o
 
Trainina and tutorial x
 
Networking 
 0 

The table indicates what is 
available as 1986
of (x)

and
 

what should be available in Phase III 
(o.
 

Online data storage requirements (multi-user)
 

1200 MB base level
 
150 MB average annual addition
 

Central processor requirements (ulti-user)
 

High degree of reliability

4 MB Applications software size

Simultaneous support of 30 users 
 and 10 automatic 

tasks
 

None of these requirements 
 are met 
with current
production systems at 
the ARC. When the VAX 780 
becomes
productive, 
the high reliability requirement 
can not be
met and the system will not 
provide a satisfactory
response when loaded with 30 
users and 10 automatic tasks.
 



Input/Output requirements (multi-user)
 

Graphics plotting to 300 steps per inch
 
Color graphics display
 
40 serial transmission lines
 
Network interface (Telephone MODEMS, Telex, or GTS)

20-30 ANSCI CRT Terminals
 
High speed printer
 
Removable Media for backup, program distribution, and
 

archive including industry compatible tape drive
 
Color graphics requirements are not currently met
 

either with software or hardware.
 

2. National Centers
 

The NAC's 
have very little in the way of productive
software as yet installed and applied, except cn various 
personal computers 
scattered throughout the ministries.
 
At a few of the NAC's, local staff have written productive

programs to solve some of the needs, but these programs

have not been shared through the region.
 

Scfrware requirements include but are not limited to:
 

Personal Multi-User 
Software devalopment tools
 
Spread Shez C,
 
Statistics 
 x
 
Data collection 
 o x
 
Communications 
 o X
 
Word Processing X
 
Data Bank 
 o x
 
Data Base 
 d
 
Mapping 
 0
 
Presentation Graphics 
 x
 
Training and tutorial x
 

The table indicates what is available 
 at some
 
national
 

centers as 1986
of (x) and what should be available
 
in
 

Phase III (o).
 

Online data storage requirements
 

620 MB when all applications are operational
 

Central processor requirements
 

High degree of reliability
 
3.4 MB Applications software size
 
Simultaneous support of 4 users and 4 automatic task
 



Input/Output requirements
 

Graphics plotting to 300 steps per inch
 
Color graphics display

4 serial transmission lines

Network interface (Telephone MODEMS, Telex, or GTS)

High speed printer

Removable Media for backup, program distribution, and
 

archive
 
The color graphics requirement 
is not met either with
 

hardware or software at present.
 

3. Technical Services 

AGRHYMET Phase 
III activities and applicable advances
in technology change the requirements for technicalservices beyond that provided by USAIDthe contribution 
during phases I and II. 

The overriding ccnc-rn for lowering recurrinq
costs changes needs
the for maintenance and
logistics. Since local (and European) vendorsmust play a larger support role, ARC technicaL
servicc-:s must provide mcre of a liaison betw-eemultiple vendors rather than the sole source ofmaintenance and logistics support isas now-. 

Th.- network desiqn for Phase III will reauire new technical expertise to maximize the utilit:of the ARC network. This expertise must extend
beyond maintenance and logistics to include
multi-disinlinary systems analysis abilities.
 

A successful 
 telecommunications 
 network

throughout 
the region will require additional

expeLtise, especially 
a knowledge of satellite
communications technology but 
 especially the
conditions and problems found in the region.
 

At the ARC, the technical staff formingis into a closely knit team, working together to resolve
the many problems of program.the During thecrucial Phase 
III, US technical services

become an integral part of that team, working

must
 

with ALL of the staff.
 

More emphasis must be 
placed upon training in
country 
 looking toward a Sahelian operation

after the end of the project.
 



Listed together, the requirements of technical
 
assistance are:
 

1. Maintenance
 
2. Logistics
 
3. Technical advice
 
4. Liaison to Western expertise pool and fellow
 

users
 
5. Telecommunications design, selection and
 

implementation
 
6. System network design

7. System software selection and implementation

E. Technical administration of USAID budget

9. Training toward Sahelianization of maintenance
 

and logistics staff
 
10. Liaison between system vendors and ARC staff
 

Project-Furnished Staff at ARC: 

One full-time manager of technical servicesresponsible for maintenance and logistics (as now) but
also as liaison between hardware and software staffserving as a systems analyst in OS, telecommunicat'ions and
networking, for three years. 

One or more short-term instructors to provideon-the-job trainina Sahelianof maintenance, software and 
logistics staff.
 

One cart-time U.S.-based manager (shared with theremote sensing component) who understands proolems andpossibilities of Sahelthe and can ccmmunicate with alltechnical staff at ARC to act as technical backstop.Requires a technical background in computer system
analysis, telecommunications, software, and networking and
experience with Sahelian projects, USAID proceedures, WMO,

and CILSS functions.
 

A part-time U.S.-based logistics 
 staff person to
expedite purchase orders and repair parts shipments.
 

One or more short-term experts in telecommunications
 
and networking 
to set up a workable data communications
 
system throughout the region.
 

Two local hire staff, one for logistics and one for
maintenance. 
 These 
 persons could be replaced by
CILSS-provided staff, 
but it is recommended that they be
paid by the U.S. during Phase III because: (a) Their
functions are 
necessary to this component, but 
it is more
cost-effective 
to use local hire personnel than to use
expatriates, and (b) technically qualified Sahelians 
or

other local hires are available.
 



B. Project Design
 

1. Regional Center
 

Data 	processing implementation 
can 	be divided into
three stages 
for purposes of discussion. 
The first is the
current capability 
at the ARC. The second is 
the 	additional capability provided 
 when the VAX 780 
 becomes
operational. 
 The third includes how the 
center evolves
until the of
end Phase III to satisfy the major 
criteria
of reliable, adequate 
data processing capacity 
with a
minimum recurrent cost.
 

The 	 older technology Digital EquipmentVLSI) does meet 	
VAX 780 (nonnot any 
of the major criteria of this
design as ic is currently configured.

rationales 	 One of the majorfor 	its purchase was a 
future capabiity to
cluster a group of 730's to permit versatile sharing cfmain 	 memory, disk and input/output between elements of thecluster. Until 
recently, 
the 	780 was the only processor
that 	 was compatib ]e ,ith current soft,.are and storagedevices at the center and becould clustered.Digital Equipment can provide 	 Now, 
a clustering capability withnewer technolc.y in the MicroVax product lino 	 that is 90of the capacity of a 780 for as iittle as 203 of the cost

of a 	 720.
 

Thf- cluster 
ccncept provides reliable, cost effectivecentral processing capability with the ability to addadditional elements as processing requirements dictates.An Ethernet local 
area 	network 
can be used tc interconnect
the 	 MicroVaxes, terminal clusters and persona]. computersthroughout tne center complex at Niamey. Major massstora,7e 
can be either distributed among "cluster elements"
 or concentrated on one 
"file server" processor.
 

One of the stronger reasons for 
specifying Digital
Equipment 
 is 	 not current software 
 and hardware
compatibility, 
although that a
is necessary condition.
Digital is of
one the few major computer vendors that can
now deli!er compatible hardware and 	 software networkingbetween their multi-user systems and 	 the MSDOS-basedpersonal computer that provides 
most 	of the communications, mass-storage sharing and 
 file transmission
capability that is required at 
the regional center.
 

2. National Centers
 

The 	 Digital Equipment PDP 11/34 multi-user systeminstalled in six of the eight countries has proven to beunsupportable 
 and 	 inappropriate technology for the
national centers 
and can 
not support most of the software
applications that are required.
 



A small 
 number of personal computers, 
some with
multi-terminal capability to support data entry, stationed
in each of the active GTP ministries will better serve 
the
users. Each of 
 the systems with
will be tailored
software, mass-storage, and special peripherals (plotters,'
digitizing tablets, and color displays) to match the needs
of the specific ministry. IBM 
 compatible 
 personal
computers can 
be serviced locally
capital cities, in a number of the
and the distributed 
 nature
configuration eliminates of the 
any critical single point offailure, an 
absolute necessity to contain recurring repair


costs.
 

Programmers at the ARC areapplications already developing 
and 

that run on personal computer spread sheetshave studied the feasibility of transportingwater trhe SUIVIdata bank software to MSDOS. Data Base Managementsoftware is commercially available which will run on ARCDigital computers and NAC persona. computers.
 
Data commrunications 
 costs withincapitals remain the national a serious reliability andHowever, short cost oroblem..and periodic data transmissions .betweenpersonal computers can be r:ade much more reliably andeffectively than that ccctrequired by terminalsdivergent ministry located inbuildings connected to atimesharing PDP central
11/34. One 
 or more of
computers will be the personaldesignated the data collection andregional communications orccessor 

to 
and will have to beconnected the telephone, telex, GTS, or satellite
 

system.
 



C. System Configurations
 

1. Regional Center
 

The building block of a redesigned ARC processing
system is the 
cluster element. 
Two or more elements would
form the network 
that would support a growing demand for
computing 
and data communications between staff at the
 
center.
 

So ftware 

Multi-user operating system (VMS)

FORTRAN conipiler
 
BASIC interpreter and compiler

Program development tools
 
Data Base Management System 
Spread Sheet
 
Image Processing
 
Mappin a
 
MSDOS support software
 
DEONET n.twork communications
 
Serial data acuisition
 
Word Pr:ocessing
 
Presentaticn Graphics 

luster element 

MicroVax with 4 Mb main memory,

2 RA60 disks,

1 DHjIl serial line multiplexor
 
Diskette drives
 
Ethernet interface
 

An increasing role for MSDOS-based IBM compatiblepersonal computers 
is expected, provided increasingly
the donor countries of the various experts 
by
 

at the center.
The cluster network must 
be available to 
these systems to
increase the ability to 
share data and ideas among staff.
This would be accommodated by Ethernet interfaces 
on each
PC, integrating them into the cluster network and makingavailable extensive MSDOS 
 support 
 tools in cluster
 
elements.
 

It is envisioned that up to four cluster elementswill be needed to satisfy computing demand over Phase III.
It is also expected that the 
cost of each cluster element
will decrease over time. At current prices, clusterelement is estimated to $125,000, 
a 

cost including software 
and spare parts.
 



2. National Centers
 

Four system configurations are recommended for each
 
of the national centers:
 

o 	 Hydrology application: water budget and report
 
generator ($15,000)
 

0 
 Meteorology Application: image processing
 
($14,700)
 

o 	 Hydro and Metec Application: data base
 
management ($19,650)
 

o 	 Meteorology Application: models ($16,850)
 

The 	 total cost for 
 the 	 four configurations is
approximately 
 $66,000 per country, inclusive of all

software and hardware. The configurations are specified

in greater detail on the following pages.
 

System confi:uration 'I (Hydroloay applicaticn: water 
budget and report atene-rator) 

One 	 of the most important modules that must be
installed as soon as oossible. Software can 	 be adapted
and 	 operational very early through the use of advanced
applications development tools, such as the spread sheet. 

Software
 

Spread Sheet
 
Statistics
 
Word Processina
 
Mapping
 
Communications
 
Utilities
 

Hardware
 

PC AT compatible with 2 Mb of main memory,

math coprocessor,

140 Mb of fixed, winchester technology disk
 
2x20 Mb of removable, winchester technology disk,

Quad Density, Double Sided diskette drive,

Matrix printer/plotter with greater than 300/in
 

resolution,
 
4 communications channels (communications, digitizer,


terminal, and plotter interface),
 
Terminal,
 
Digitizing Tablet,
 



Inverter, Battery and Charger (UPS),

and Communications Interface.
 

System configuration #2 (Meteorology application:
 
Image Processing)
 

The second most important module, requested by the
national services 
to display and manipulate remote sensed
satellite data currently 
 available from the US and
eventually available 
from French furnished facilities at
 
the ARC.
 

Software
 

Word Processing
 
Mapping 
Image Processing
 
Communications
 
Utiliti.es
 

Hardware 

PC AT compatible with 2 Mb of main memory,
maath co-cessor,
 
70 Mb ol fixed, winchester technology disk
2x20 A' of removabie, wincheste_ technology disk,

Quad Density, Double Sided diskette drive,

CoLor monitor with greater than 7 2 0x54C/in
 

resolution,

Matrix printer/plotter with greater than 300/iu

resolution,
3 communications channels 
(communications, digitizer,


and plotter interface),
Digitizing Tablet,
 
Inverter, Battery and Charger (UPS),

and Conmmunications interface.
 

System Configuration #3 
(Hydro and Meteo application:
 
Data Base Management)
 

The system which will take the most developmentand may have to be deferred to later in Phase 
work 

III for this
 
reason.
 

Software
 

Data Base Management System
 
Statistics
 
Spread Sheet
 
Word Processing
 
Communications
 
Utilities
 

http:Utiliti.es


Hardware
 

PC AT compatible with 4 Mb of main memory,

140 Mb of fixed, winchester technology disk

2x20 Mb of removable, winchester technology disk,

Quad Density, Double Sided diskette drive,

Matrix printer/plotter with greater than 300/in
 

resolution,

2 communications channels 
(communications, and
 
plotter interface),

Inverter, Battery and Charger (UPS)

and Communications Interface.
 

System Configuration 44 (Meteorology appl. -aticn:
 
Mode I s) 

This is the one module for which software already has
been develooed on the existing PDP 11/34 system -- theSUIVI soft'ware chain. Therefore, development of a newPC-based module can be delayed until just before the PDP11/34 is phased out in each ccuntry. This in no waargues rhat the PDP 11/34s should be used any longer thanis necessary, howe';er, since maintenance costs at the NACswill be higher for each year they continue in use. 

Software 

SUIVI Chain
 
Soread Sheet
 
Data Ease Management System
 
Word Processing
 
Statistics
 
Communications
 
Utilities
 

Hardware
 

PC AT compatible with 2 Mb of main memory,
 
math coprocessor,

70 Mb of fixed, winchester technology disk
 
2x20 Mb of removable, winchester technology disk,

Quad Density, Double Sided diskette drive,

Matrix printer/plotter with greater than 300/in
 

resolution,

2 ccmmunications channels 
(communications, and
 
plotter interface),
 
Versitec interface,
 
Inverter, Battery and Charger (UPS),

and Communications Interface.
 



V. IMPLEMENTATION SCHEDULE
 

Figure 1 shows 
the proposed schedule for planning
purposes. 
 The actual time-line will depend upon 
how long
the VAX is at
780 kept the center, when software and'
training is complete for 
national services 
staff, and
budget constraints. 
 It is strongly suggested that 
an
evolutionary method 
of conversion be followed, using the
present equipment 
 as long as no other functional

replacement is 
 available (with 
adequate development,
testing and training), but bringing in lower

equipment as soon as possible in order to 

cost
 
hold maintenance
 

costs in 'ine.
 

At the National Centers, a 
schedule for 
new computer
installations is suggested that will phase 
in "modules" as
needed that are appropriate for each country situation.For instance, 
 at NAC's with operational PDP 11/34s,delivery of the models module can be deferred until allparties agree tnat there is no longer any use of the PDP11/34. A ofnumb:er countries can continue useto thespecia. environmental space that was prepared for the PDP11/34 as it ;'il serve as excellent space for one or more
of the new modules. 

VI. TIAINNG 

A. Reqional Center
 

A less-complex cluster 
of super-microcomputers 
will
reduce the 
need for highly trained maintenance staff in
the long run and will provide 
 a means to train local staffin maintenance and operations 
duties by taking ene 
of
cluster elements off- line for OJT 
the
 

troubleshcozing and

repair simulation sessions.
 

The budget includes funds for 
training of one more
ARC permanent maintenance staff, expatriate instructors to
 serve part time 
at the ARC, and training materials.
 

B. National Centers
 

As the PDP 11/34 systems are phased-out, the very
specific training received 
by remaining maintenance staff
in each country will be perceived as wasted. An effort
(through an orientation seminar, 
for example) should be
made to council iemaining 
staff that their lessons and
experiences 
can be applied to new technologies as well if
the techniques of diagnosis 
and the basic principles cf
computing are 
shown to apply to new situations.
 

IBM-compatable computing modules will not require two
full-time maintenance personnel each
in country. The
remaining personnel should be redistributed among various
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countries and the regional center 
if conditions permit. A
few of the national center staff who have 
already shown

good work performance and *applications of training could

be considered as a source of 
instructor material at the
 
ARC.
 

The new computing modules can be repaired by locally

available vendor 
staff in a number of the countries.

Additional 
training of the technical staff (hydrologists,

meteorogists, etc) to recognize, diagnose 
and deal with
 
system failures will 
prove to be the most efficient as
these 
will be the direct and everyday users of

modules. This additional training should 

the
 
be added to the
ARC training curriculum of new technical staff and ascontinued training of existing staff. In addition, the
chances of retaining trained subject-matter staff in thenational centers after the? end of Phase III seem much 

greater than retaining specialized computer repair staff.
 

An, further US-based trainina (beyond current
candidates now in the states) wiLl be comoieted too lateto apply their trainina t national FDP 11/34 systems.
The buI-e includes funds to davel op ior contract)
instructors regional forat th. center OT and additionaltraining 
 of technical staff, trai-ing materials, an 
tuition az orEuropein SaheLian technical scneo.s for two
to three more "back-stc" maintenance staff based at tneregional center. All theseof measures should
sign ificant. reduce recurring costs after the end o' the 
project.
 

One of the 
most powerful new techniques of technical
 
support in the United States the
is "hot line" or central

telephone support services offered 
by a large number of
computer vendors. 
 Due to long-distance costs, current
practices and telephone reliability, this technique not
is

currently applicable in the Sahel. A 
hot-line type of
support could be developed only if telecommunications
 
facilites were 
made availabe through satellite channels as
discussed in the technical 
issues. Then 
a small number of
highly trained maintenance staff 
at the ARC could assist

technical 
staff in each country deal with occasional
 
difficult hardware and/or software problems.
 

Table 
1 below shows the recommended training program

for the data processing component:
 

Type of Number of 
 Length of Location of
 
Training Trainees Training Training
 

PC Maintenance 27 
 3 weeks Niamey
 



Software Devt 
 3 weeks
VAX/MicroVax 
36 	 Niamey

6 
 3 months 
 Europe
LT Training 
 3 1 year
Refresher Courses 	 Europe/US
10 
 1 month 
 Niamey/Europe
User 	Groups 
 80 
 2 weeks 
 NACs
 

(Software)

Electronics, etc. 
 18 
 2 months 
 Niamey!Europe
 

VII. 	BUDGET OPTIONS
 

Three budgets are 

to the design team. 

proposed, in line with instructions
For purposes of discussion, these
referred to 	 areas the "recommended configuraticu", the "lower 
csoptaonl and 	 the "higher budget opticn". SummarytabIes for all rhree are providedalso sumimarize the 	 in Table D.1-D.3, whichbudgets for the remaining project

components.
 

The reconmended 
for the 	

design con"icur:,qaion has a total costdata 	 processinu s'.stem of S4.76 o rilon:(e:' cIusi'.eof tne U.S.-based manage,-ent, which is 2.nc ucded in thteintegrated project budglet. 

T 	 .ow.r cost option has a data processingcaSt (e:.:clusive 	 s mof manacement) cf $3.49 millio.considered 	 Lt isa "bare bones" budget whichassis~tance 	 reduces :ehrica1substant'allv; reduces bozhequipment 	 ARC and ",- wpur Cha Se. This impies a:aeate r ccntinuEd
reIance on zhe exst ing -	 asuipent, and,existinn 	 ic:rtant Ion design phiiosophy. The 	 :onsecruencE2continued 	 C:elrere].a n on existing ecuipmentanticipate! 	 is that
repair and 
rrantenancereflected in the 	 costs are higher, asline itemsLogistics. 	 ARC Logistics andThe 	 principal disadvantage NAC 
that 	 of this option isit increases the long term recurrentpost-transition 	 costs of thesystem by 
saving capital 
costs during

Phase III.
 

Finally, the higher budget
the 	 design option reflects changesteam would proposeavailable 	 if AID had more fundsfor Agrhymet. The philosophy underlyingoption is that 	 thismore 	money should not
simply 	 be spent on a task
because it is available.

proposed only in 	

Specific increases are
areas where 
the 	 marginal value of
increased expenditure is hiah or wheresubactivitv 	 a new and usefulcan 	 be undertaken. The 	 principal linewhich increase 	 itemsin this budget are Long
Assistance 	 Term Technicai
(the 	resident expert 
is extended
year), short term 	 for a fourth
technical 
 assistance,
(repair and 	 NAC Logistics
maintenance 
and 	support to national centers)
and a sizable increase in telecommunications, allowing AID
to make a 
larger contribution 
to solving 
this 	critical
 



program obstacle. In the integrated budget (combining

both the data processin-
 system and other components of
 
the projec ), this opti,n also allows forfunds AID to

monitor t.' Agricultural Pilot Projects 
in the hopes of

helping keep the interpretations and expectations with'

regard to these pilot projects within reasonable limits.

The cost of the data processing component in this option

is $5.52 million.
 

VIII. CONCLUSIONS
 

The 	 data processing facilities provided 
by USAID
 
throuah the NOAA/OOPS technical management provide a high

level of technical support to experts at the AGRHYMET
Regional Center. Hcwever, sufficient computing capability
is not yet available to achieve all of the overall 
c bjectives of the AGRLY.MET program. 

In the National AGRHYMET Centers, data processing, has
 
yet to beco.re an integral part of the national services.

Without sicgificant "-ecesign, tne national centers will
 
never 
 acu.eve adequate com[utrization. 

The Phase III objectives Zf the AGRHYMET data
 
processing component have been determined to be:
 

1. 	 Minimize recurrent costs durina Phase III
 
2. 	 Provide a raiiable s':stem at all sites 
3. 	 Build a sustainable system beyond Phase TII 
4. 	 Meet or exceed processing requirements, leaving 

room fcr growth
5. 	 Design an 
upgrade schedule which anticipates
 

advances in technolcgy

6. 	 Choose technology appropriate for the region
 

Of the various funding options available to USAID,
the one which meets these objectives is proposed in theTechnical Annex. In addition 
to meeting the objectives,
it -nswers a number of technical issues; including
accommodating so ftware not now 
available to the ARC,

reducing 
 repair costs, putting national computing

resources closer to 
the user, solving some of the problems

of telecommunications, and reorienting the thrust of
 
specialized computer training.
 

The desian calls for the gradual phase out of older 
or inappropriate technology and its replacement by 
newer
equipment that is compatible with previous hardware and
 
software, yet more available in and adaptable to the
 
region. By phasing new
graduall., 	 in 
 technology, the
supply of 'data proce, ing capacity can track an expected

increase in 
 the 	 demand for such capacity while also
 



providing future options 
 to accommodate advances in
 
technology.
 

Of all of the problems found in the region, data
communications is the most difficult to solve by the
efforts of a single vendor. 
Exciting and potentially very
cost effective solutions may be available using 
other
donors' satellite communications capacity. An inediate

and major effort should take place 
as soon as possible to

begin taking advantage of this media as 
rapid and accurate

data communications 
 is a necessary component of a
 
successful Phase III AGRHYMET program.
 

Phase III shculd see ah emphasis put on the
Sahelianiza"ion of the technical support of AGRHYME:. Itcould the fiveLake full years to institute improvedselection, training, and conversion of equipment as weil 
as imp-er:.entation of a logistics chain of supply that is
affordable after the end of the projecz. 

In tcda,'s maiket, there are more orran:zations withthe capability to rorovide Phase III technica]. support than 
were avaia'Le at the b:ginning cf USAlD support. it isstrcngly recmmended that the proposed. des:gn and future
technical support be obtained through competitive bids. 



PART THREE
 
THE REMOTE SENSING COMPONENT
 

This component will 
 provide the basic technical"

assistance 
and training required for the Agrhymet system

to interpret AVHRR satellite data, to 
calculate and use

normalized vegetation 
 indices and other measures of
vegetation status, refine
to interpretation methods, 
to

develop simple user friendly software packages which

permit broader application of the NVIs and other results
of the remote sensing information and to transfer the

skills necessary 
 to the use and interpretation of
 
satellite data 
to ARC and NAC staffs.
 

The AID financing for this component will 
complement
two on-going activities financed outside the AID system.France has financed and begun construction on placement ofan AVHRR receiving station in Niamey which {vill permit theARC to receive daily sateliite data from the NOAA (U.S.)satellite in real time. France has further committed toprovide ARC with 
the tecnnical assistance necassary to put:
this data on diskette in a format consistnt with thecurrent ICI0AA system requirements (usiin g theU.. -supp li ,- ARC computer facilities) The French effort
is sch-eduled to be fully operational by December 31,, 1987.While rance has c rmmitted, to ths effort and has beaurimplementation, the utility of the contribution is linkedto the assumption that some other donor (presumablv theUnited States) will provide t'e forward linkages proposed

under this funding component.
 

Simultaneously, 
the ARC is using staff trained byNOAAS/AISC, with the assistance of a resident expatriate
advisor, to perform vegetation assessments based the
AVHRR data, NVIs and satellite imagery now 
on 


being provided
by the United States. ARC expects this cadre 
of trained
Sahelian specialists 
to bear the main burden for ten-day
assessments and crop yield 
forecasting using satellite
data. Again, this expectation is premised on the
assumption 
 that the United States will provide the
hardware, technical assistance and training required to

make the overall system operational.
 

Technical Assistance
 

This proposed component of SWD&M
the III Project

calls for provision of two long-term resident technical
 
advisors:
 



A Satellite 
Data Analysis 
Programmer 
for 42
months, commencing 
in month 
1. This
must be a qualified programming 
advisor
 

specialist
familiar with microcomputer technology and with
available 
 software 
 packages 
 for database
management, spreadsheet, mapping 
programs
lower and
level programming 
 languages
Pascal, etc). (basic,
He/she need not have
computer a degree in
programming, 
 but should
technical have a
graduate

with degree (Masters cr above)at least 
 five 
 years experienceprogramming in
and computer 
program
development, design and
preferably 
 in a
rescurces-related natural


field. Dovelopin'gexperience country
is highly desirable 
 but noc
essen.ial Good French languaqe reading and 
speakingcounterpartis required (FS 3) , especiallytraining and training forin sofltnware. apolications of NAC staffs 

A senior Satellite
36 months, Data Use Specialist for.co-mencinq4 . in month 12 anmon.. ,_n h : endina43 This anindendiala ininj.nJi I shoul have anav.nce, degree in acrcmeteorolo.,closely or srelated discipline,expertise with speciLFiin working with satellizeagriculture, data cnnatural resources and meteorolc(y.Sheihe must be fully ccnversant with satelliteand computer technology
a.r°metecroLo, uses ror
and shouldexperi ence have provenin biomass/-ege tation assessmentmethodologies 

Long-term 

and program development.developing 
 country experience
highly desirable" isnot essential.French speaking 
but FS 3and reading skills are

required.
 

A total 
 of 26 person-months

specialists will be required 

of short-term
 
to provide focused
technical support to the assessment andtransfer skillsactivities being conductedfield. in theThis technical assistance
largely will bein statistics, crop yield monitoring,photointerpretation 
 and other specialized


assessment techniques.
 

Training
 

Annual training 
courses
the are recommended
five years of for each
the project. of
 
training purpose of the
is to thoroughly 

The 

familiarize
the methodology, participants 
with
uses and 
techniques
data-based crop of the satellite
yield 
assessment and forecasting process,
 



and the create a corps of specialists in each country and
at 
 the ARC capable of implementing an operational

assessment program. 
 The annual training program will
consist of a six week course 
similar in scope and contents
to the course offered by NOAA/AISC and CIAM 
at the'

University of Missouri, Columbia.
 

Up to fifteen (15) Sahelian participants from the
NACs 
and the ARC will be financed each year. The training

program will take 
place in the United States in 
years 1
and 2, and at the ARC in each of the next three years. It
is essential to the success 
and the cost-effectiveness 

the training program that 

of
 
there 
be strict selection
criteria for limiting the ofnumber participants to thosewith appropriate background and aptitude for takin tilelead in future °mplementation. The recommended trainingprogram is also built on the expectation that to ofup twothe trainees from first annualthe two courses can becomesufficiently proficient to serve as instructors insubsequent courses in Niamey. Use of some Sahelianinstru-ctors and of AC facilities will reduce training 

courses substantially in years 3-5.
 

E_,,ipment 

All hardware an most of the software required tooffer this component of the project will be Murchasedunder the Data Processing component. Hardware
consist cf AT- compatible microcomputers with hard disk 

will 
atte ARC and each NAC, plus high resolution color mcnitorsand some plotting equipment. So ftw.are will consist
primarily cf off-rhe-shelf packages for which 
 applicationstemplates (modules) bewill developed by resident expert


staff. Additional budget included
is for consumables and 
miscellaneous items.
 

Budgets
 

Tables D.1-D.3 summarize the budgets for the 
Remote
Sensing as well as the other 
project components. The
total estimated cost of the Remote Sensing component is$2.42 million, exclusive of the U.S. management support
costs, which will be shared with other project components.
Tables D.l-D.3 show the Recommended, High and Low budget
options for the project. It should be noted 
that the
differences in these options 
results from changes in the
Data Processing component and 
from inclusion, in the High
Budget Option Case, 
 of the Agriculture Monitoring
component. The Remote Sensing budgets remain the 
same in

all three budget options.
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Agricultural Technical Annex
 

SAHEL WATER DATA AND 4ANAGMIENT III 

Executive Summary 

The objectives of this annex are: to evaluate the utility of the AGRU.ET
 
re;ional and national proizrams and the pilct projects in several =13
 
countries; and to suz;es: ways 
 by which USAD can contribute to the overal

AG HY.E: pr.r'iz. The zal of the pro-ra is to -- rc'ze food secr :v.
th e CILE S u:.tr ie s b yas s is t Ln g fa r - er s t o h r e ,'se fo cd zo d u c : in A c 1.'. 
contr:buting :c the de''elopmeat, an oeration of svste-s for precicc'

oxcen: an- severity of fa minel The =ain oppCrtuM:LZ :Or AGMYT w 
 e 
this ;cal is thrcug.h the prav:skn ;fei: wr :aca an-,.n:y'ses !o ass istc i:%.er.nenc P,lan,-.r!-, 5;r-j.n. - 1_- and ,wxt&M i." 'n : -.-
Provide, farmers= wi'th... mute nf. z c v,. crappin, systems.=,r::"'- :' , ' 1'5','r, Vi 
beginning to move away E:.a tais :raditi:onai a:.prcaz. - and ro':p: .. ,.t
projects it is attempting %o help farmers direct Lx zhrcu~h the u.e cfi c a lagroceteoro>al advice tased upcn :eal-ti-a wearner daca. U'-:r"-at , 
no convincing agru-encs have hew n presented to sinow :cncrete ways b'y Owza

real-tme 'weather data are 
 useful to farmers, :-. s apprcac., is
 
,.pensve. 
 The successes f the pilot proiects in increasing pccuc:iq;tv
 
are mainl': due to the provision 
 of agronomic ratner than agrometncru loz-cal
 
advice. Recommendations are presented in the annex for the redes t;n 
 of ,e
 
pilot projects.
 

USAIC can contribute to the traditional and effective activities of the 
AGRE{YMET program by providing :cmputer ecuipment and software, weather 
station instrumentation, and training in the use and maintenance of the
 
equipment. An 
 option is described whereby USAID could contribute to 
:imroved weather data collection, transmission, analysis and stora;e, the 
acquisition and analysis of remote sensing data for predicting famines, and 
a support services unit at AGRhHYET center. This USAID component would be 
sufficiently complote to guarantee its success, if properly executed,
irrespective of variations in performance by other components of the 
AGRHfYMET system. The continuing availability of reliable weather data and
agroclimatological analyses is essential for virtually all agricultural
development projects in the CILSS countries, and this will require an 
a.ffective AGRHYMET system.
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1 Pr- face
 

This Technical Annex for the USAID Project Paper for "Sahel Water Data
 

and Management III" was prepared following the terms of reference
 

described in the Project Identification Document (625-0973) which are
 

identical with the scope of work (Appendix A) described 
in the 

Associate Employment Agreement with Development Alternatives Inc., 

Washin.tcn D.C. A more detailled description of the overall objectives 

of the team provided by AID/W (Appendix 3) and coents,from the AID 

project committ-e-,e i "'ashinzton (ADendix C) were consis:out wi:a the 

scp . w... ... 1 :tcect in; - •.e7 monent C-f the ,Xtensi',! 

?GR.:TRGGM whiah also receives maicr fundig from .- ?,W4) 

T.e creca.z i.n of an --. divi .. :..or:a, rather than an era-

report was .he most effecive way for this consultau: to cctribute to 

the team effor ;iven the short period of ti-ne available and :izht 

travel scheduLe . D... The main ccnclusions concerning the 

applications of meteorology amd cLimacolo-y to agriculture in the
 

CILSS countries cf West Africa are largely independent of the subjects
 

analyzed by the other members of the 
team. The consultant interactea
 

closely with the team leader, Asif Shaikh, the agricultural eccnomist,
 

Martin Billings, the computer engineer/systems analyst, Earle Nay, and
 

the institutional analyst, William Rutherford to insure that the
 

recommendations concerning USAID assistance 
to AGRHYMET are reasonably
 

consistent with recommendations of other members of the team.
 



The time available an working ccnditions did rct permit a complete 

e'valuation of the agrometeorological and agroclimacological activities 

of AGRHYMET. However, some conclusions were reached which should be 

carefully considered if USAID decides to assist AGRhfMET to contribute 

to improving fcod security in the CILSS countries comprising Burkina 

Faso, Cape Verde, Chad, Guinea Bissau, Mali, Mauritania, Niger, 

Senegal and The Gamoia. 

This cons iatant p:ircizular 2/ apprei3te' the discussionS , advice and 

assistance pro-'iev c v . ance::e, Azr ¢c*-'=a'oog;ist at AG-.... 

Center, Niame.y, .h- :.o- -stics su::ort prcvidec by D. Maxwe1 an

e taf cf : o A ' is in .. r " he s irs M'.alt n'iS an 

Bur na Faso. 

A draft of this technical annex was provided to all members of the 

team, tE A:D Mission in Ngier and representatives of AGR"Y.-T Center 

on November -6 to my depar:ure fr=m iger. main:S, :rior The 

conc lusions and recom-mvendations in the draft are the same as in this 

final version which provides additional analysis and documentation. 

A. E. Hall 



: °( . rnvrduct ion 

Sahel Water Data and Management III would be the third phase of a 

USAID project designed to help the AGRhYMET Program. The goal of t his 

program is to improve food security in the CILSS countries by 

assisting farmers toto increase food production and by contributing 

the development and operation of systems for predicting the extent and 

0 severity of famines. The terms of reference of this consultant 

(Appendix A) are discussed under headings 3, 4 and 5. Key questions 

raised by A:D/W (Appendi, B), which were not explicily covered in the 

main prt of the report are discussed in Ap.endix E. 

" .. . --..... . .. N. "n .3'.'a1Uate e: t .. .. . . =-. tt:: - *-az'O -" at*cnaL =-s 

-aric"-larv :e t, ot':, ects cu r.er. r ,2 r.ed. 

Senel and Burkina Faso 

I The National Proirams are involved in the 'collection, processirng and 

analysis of wea-her station and hydrological data, and in providing 

Information based upon these data to different organizations and 

individuals in their countries, and to the regional ceater of AGRH.VET 

at Niamey, Niger. To evaluate the utility of the national programs it 

is necessary to consider the ways in which weather station data can 

assist farmers to increase food production and contribute to systems 

f.r predicting the extent and severity of famine. 

A major conclusion of this Technical Annex is that agrocli atological 

information can be extremely useful for increasing food production, 

whereas agrometeorology has much less significance for agricultural 

-3-~
 



developcent in the CILSS countries at this time. Consequentlv, it is 

necessary to define- what is meant by 
these terms and discuss their
 

actual and potential contributions to food security. This major 

conclusion has important implications for the future directions of
 

AGRYMET and the Pilot Projects as will be discussed later. 

lv the 

to describte the "average" weather characteristics or predict the 

probabiiity that specific weather 

3.1.1 A2roc limatooo includes anal'ysis of several years of weather data 

events, such as drought, will occur 

in a ar:ticular locaticn. This pe:-i:. the definition and subsrequent 

d .iineation o- cima.-c zones (e.z. Sivakun=ar et al., 19E4 and 

,SL akunr= I, 9r,' n ena les is ts, e ns in asc ien : a :'ts 

utz. atev far7,ers Lo chcose the nost effective cropping s's teMs, 

varieties and managuvents =e:. cs :or specifiC regions. it also 

?ernits governments to develco -ore effective plans for rural
 

development.
 

An inportant example of the utility of these analyses is provided by 

the hydrological balance studies of C. Dancette (Dancette and Hall, 

1979) and others working in the CILSS countries. These studies 

predicted that the average 
rainfall after 1968 in the Sahelo-Sudanian
 

zone would have supported an average growing season which is
 

substantially shorter than was available prior to the extended period
 

of drought (e.g. a growing season of 70 days compared to 90 days prior 

to 1968). 
This explained why peanut, millet and traditional cowpeas
 

were failing in this zone 
in dry years and guided plant breeders and
 



agronc mfists t o se olut.tio. By, substituting nWshorter..cce
 

cowpea 
 varieties for the longer cycle more drought susceptible peanut: 

varieties grown by farmers, substantial increases in food production 

were achieved in dry locations in northern Senegal during 1985 and
 

1986. National cowpea production in Senegal in 1985 was at least 300%
 

greater than the average production in the last 10 years 
(EEC, 1916)..
 

Agroclimatological studies of the hydrologic balance also can be used 

to dete rn e the .egions of the ,other CaLSS countries where the same
 

t::e of approach has 'he potential to be e.rve r rtn
increasng and
 
stabilizin. crop production. Shorter cycle millet and peanut
 

varieties have ncw been de'eLcoed "nic can "-cntr'bue , :to fco 


security. Representati,.es of the naticnai 
meteorological ser:ice in
 

Burkina Faso are conducting studies to specify the lengths the
of 

available growing 
season in different :egicns to help agronomists,
 

extension agents 
 and farmers to choose crop varieties and species with
 

i=Droved productivity and stability. 
 Government representatives in
 

Senegal and Mali are 
using agroclimatology data to 
plan rural 

development projects. 

Simulations of the hydrologic balance using many years of data 

combined with agronomic experiments have produced useful guidelines
 
concerning optimal sowing dates for crops grown in theSudan i zone 

fo ,.. cop te one ... , 

of the CILSS countries. For example, the Pilot Project Mali hasin 
developed recommendations concerning plowing and 'sowing dates for 

sorghum in the Banccumana sector (MeteorologicaI Services Mali,'1986)
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6hat can be used by extens ion a-gents. They rec=cend ,usirn rains that 
occur in April ur ,a for plowing, and that sorghum should not be sown 
before the first of June. Sorghum should sownabe between the first and 
tenth of ifJune more than 40 mms of rain have occurred. For sowing 
between 
the eleventh and twentieth of June, 
less rain is required, 10 
rms, to provide a reasonable probability that the crop will become 

established. If sufficient rain has not occurred by the twentieth of 
June, sorzhum shoud be sowrn 
into dry soil. After the tiirtehf
 

.June, only sorz.: "3arieies reruiriz: a cv'zle le'-h of les than 115 
days sn:uu i oe s *::n.
After zhe tent. of Ju',, varec:es are ;ee-e 
that have a cy.cle "-=ngth less than 120 fays imilar Dract'a 1 
recc--ena 'a~e- n *i-oun~s ,-f ..... ihae>t~ fee:.Or. ralr._'nr [ ve - t n ie, ei ,. ,
 
peanut and mil:t? Ln Seltelal b." C. Dancetze. 
 These
 

based n the ;rcbaoi ities 
of fucure rainfall and enable far.erZ tz 
choose a sow'zzg -ate that has 
a reasonable prz'-ab 
 o; avoIi• .e
 
death of young plants, which necessitates resowing, 
while b....early
 

enough to achieve maximum yields. 
 To facilitate the application cf
 
these guidelines b' extension agents and 
farmers 
it would be useful to
 
convert the critical amounts of rainfall into depths of soil that
 
would be wetted by this rainfall for major soil types in 
 the region. 
Farmers could readily decermine the depth of soil wetted after a rain 
using a hoe. This would be a more convenient and reliable method for 
determining when sowto plow or than using rainfall data from a 

raingauge some distance away.
 

The recoc-endat ions developed for Bancouzana illustrate another use of 



agroclimacologicai ana Lyses. 'When farmers have to sow latE in drior
 

zones due to late beginning of the rains or ocher causes, they often
 

should sow shorter-cycle varieties or more drought resistant crops.
 

Sivakumar (1986) reported for Niamey that there 
is a linear relation
 

between the 
length of the growing season, as determined by the
 

hydrologic balance and the date of 
the beginning of the rains. When
 

rains started 
in mid-MHy a 120 day growing season was available;
 

'whereas when rains started in mid-June the growing season was only 90
 

days. The explanation for this is thac the end of the rains is *, 

airlv cc-.sisten fmyea.-r to cccuring ;i -. ce=ber"m :ear 

whereas the onset of the 
raiw season is hi."hv ;ariable. To more.
 

full" ex0i i Cr.a:ion of this ::d a-roc'iac; : .. a. . 

agroncm-sts shculd work tcgether to study' relaions betwee-n he onset 

of the rain',, season and the lcntzh of the zrotwi.z season frf
 

differen: regions 
and relate the oredicced availability of water co 

the needs of different crop species and varietes. In addition, 

effective seed =ultiplication agencies wo'ild be needed so that seed
 

of shorter-cycle varieties or more drought resistant crops 
are
 

available to farmers who have to sow 
late.
 

The irrigation projects under way or.being developed by 
the CLSS 

countries (e.g. along the Senegal and "ier Rivers) require 

information concerning the water use of different crops during 

dif;ferent seasons. Climatological studies have provjided effective ;: ::;i;; 

methods for predicting crop water-use based upon estimates of the
 

average evaporative demand of the atmosphere using tweather station
 

IY 
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data and crcp c.efficients (Rijks, 1976). These predi:tions are 

essential for piannir. new irrigatien projects and can be used to 

assist management by providing reasonable estimates of intervals,
 

between irrizaticns and the amounts of water 
that should be applied
 

to different crops.
 

These exaciFles were intended to illustrate the fundamental necessity 

of sound a~roclimatolozical studies and associated weather data for 

many: aspects of rural dEve Lz-e:-t and effective cr:'v .anaLenen: .
 

Ths LS -u: Dre ' uhef:act that -eat er cata and
 

a;roc1imato I-a I itua es :.a.ee a e'; role in
L"-e Ievel..er- t 

-rr.- .- r.i~~ , . ne-" .-.- gin h 7, . ana = h: 

cou rtie" ''ii trcn :rm-err ia I2r iu 1ru . The.-e exa=pis also'f 

dumonstrae ta.2 rural de' *elo~.nt result s rm a r-c1ima cioas ts 

p a brr eders , agrcnomists, scii sz. f - , ng ineers , etc. worki 

as a tea= and that it is virtuail1y lmpssible to estim.ate the 

monetary value of the agrometeorolzgical or agrocli-atclz;ical 

contributions because they interact with agronomi: ccntriutios 

which are of major importance. 

A final example is presented which is of particular significance to 

AGRHF,'MET. The development of early warning systems to predict the
 

extent and severity of drought could increase food security in the 

CILSS countries. Drcught has 
been a maior factor responsible for 

famines in the CILSS countries since 1968. Real-time simulation of 

the water status of crops, using hydrologic balance models and 



weather and soils data, when Coupled with crop yield models and 

methods for projecting forward based upon agrcclimatological 

evaluations can be used to forecast crop yields. AGRHY"MET is already 

using models of hydrologic balance and crop yield developed by 

F. Forest, I.AT/CIRAD and FAG. The forecasts from these models are
 

crude at 
this time but the enhanced data base being developed, 

improved models and increased computing capacity could enable 

national programs in the CILSS countries to make useful crop yield 

orecascs in the future. Yield forecasts also can be made using 

sateiize d.ata, as w..ill *e described lacer, turnone of .hese 

approaches are perfect and several different approaches ihould be
 

used becau.e .hev can be cot.entr:. 

....... invol.esohe ralc-e, i--e,
te use of weacher ,a.a 

or weather forecasts to guide agricultural =anagement. ,'eatherdata 

can be used in a real-time manner to estim:ae crop water-tise and 

prcvide advice concerning the scheduling of irrigations and amounts 

of irrigation water that should be applied. However, it is likely 

that a real-time approach to irrigation management may only be 

practically useful on large schemes, such as sugar cane plantations, 

which have precise control of water supplies. The most practical 

approach for helping farmers to irrigate small holdings may be to 

provide data on average irrigation amounts and intervals based upon 

agroclimatological, crop and soil analysis. Also measurements of 

rainfall at the beginning of the 
season can be used to determine when 

rainfed crops should be sown but, as was described earlier, more 

','-'" , ' ' :: " '/::':;' " ' ' : .. . . : "'- } '-i 'N-' ... .S''. 
'5'5- (,-a 



practical mecods can be developed based upon the depth of soil 

wetted which do not require any rainfall data for their operation. 

In addition, in some of the documents developed to justify the pilot 

projects of AGRHY.ET it 
has been claimed that real-time weather data 

can be used in the CILSS countries to guide the choice of dates for 

thinning., weeding and applying fertilizer or plant protection
 

chemicals, but 
 these claims are unrealistic at this time. Rain after 

weeding reduces its effectiveness because some of the weeds recover. 

Also rain can rash. plant potectio chemicaIS frcm leaves and reduce 

their ff'ect'.veness. Forecasts of fair wea her are needed for
 

:.rMers to 
 ,. ; ,hee ' robDer_- Se:and are not vet avhilable
 

Del-aying w or insecticidal sprays, 
 due to the risk cf rain
 

could also result in losses in .ied 
 . Weather forecas.ing is
 

conducted in 
 Senegal but the information is, not designed for use bv
 

farmers. Forecasts which predict the 
 probability cf dry weather cr 
rain during the next 24 or 48 hour period for specific regions could 

be useful to farmers. The timing of thinning and fertilizer
 

applications 
 ii even more complicated than weeding or insecticidal 

sprays. Agronomic guidelines based upon agronomic, 

agroclimatological and soil studies provide the most effective 

mechanism for farmers in the CILSS countries to optimize the timing
 

of thinning, fertilizer applications and weeding, and 
real-time
 

weather data 
is of little value at 
this time for making management 

decisions. Real-time uses of weather data for other aspects of crop 

managlement, such as integrated pest management and prevention- of 
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.i. ease.e.demics, may be deve loped in the .uture. for -the CILSS. 

ccuntries. One possible approach which should be investigated for 

the northern Sudanian zone would consist of using realtime
 

simulation of hydrologic balance in a cereal crop and
 

agroclimatological analyses to predict the years and locations when 

it would be worthwhile for farmers to sow a relay crop of cow.pea into 

the cereal crop. 

An.y proposed i.-proved =ana'ement =echcds that. require real-clm.e 

weather data would have to be reason abIy effecrtive to ius t .f"_-Q 

moderately hi;h costs of applyinz the. Rainfa,[l in the C:LIS 

cou -s :en..- to follow localized :ats d can a.ar: Zons 1e 7a: 

over slali distances. any weather s.aticins and technicians wouLd te 

needd eto provide and interpret weather dara, in a ti=ely manner, for 

a signizicant number of farmers. In contrast, improved managemenc 

methods based on agroclimatological analyses can be developed and 

extended using 
a more modest ne work of weather stations and
 

technicians. This 
same modest network would also be adequate for
 

yield forecasting on a regional scale using real-time hydrologic 

balance simulations. 

The various pilot projects of AGRHIYET are attempting Lo apply 

agrometeorological and agroclimatological data to crop management, 

and they will be discussed one-by-one, after which overall 

conclusions concerning the utility of the pilot projects are 

presented.
 

. /:: 



3 .1.3. The ?iloc Pro ctin. ali (.ornate and Traor, 1986) ii bein; 

.... e :southwes t-of- Bamako.in theBanccumana sector-in an area 

having a USAID-funded agricultural extension project called Operation 

Haut Valee. The four villages are located on the humid boundary of, 

the semiarid zone with an average rainfall of 900 ams occurring in 

one season between May and October. The pilot project involves 16 

farmers growing either sorghum or millet with 4 far-ners per village. 

On each farm a field of 1/2 hectare is divided into tW'o equal plots. 

Both plots receive a moderately high level of irnput including plowing 

and ircorporation of 100 kz:'ha of a oniUm Ihophate prior to sowrin,Z 

and 50 k/ha of urea at the stem elongation sta..e. 

:. 

There is an "advised" plot in which the crc is sown in rows with • 

precise spacing, and a muItid.scc In-a 

the plot should be sown, :hiinned, weeded 

fertilizer. For the "trpd.itional" plot, 

weeds and applies fertilizer at the same 

as in his main fields. 

eam-"-E. is t-e farmer when 

and supplied with 

the farmer sows, thins, 

times and in the same manner 

. . . 

The "advised" plots produced moderately higher yields than the 

"traditional" plots in 1983, 1984 and 1985 for both sorghum and 

millet (Tables I and 2). The "advised" plots of sorghum examined by 

the consultant in 1986 should produce more grain than the 

"traditional" plots The difference in yield may be attributed to 

their being sown three days earlier and being thinned and weeded more 

effectively. The more effective thinning and weeding may be 
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part iai I, due to the higher prioritv assigned to the "advised" plots 

because the agents require that the work is done when they request it 

but it is also clear that the multidisciplinary 
team is providing
 

effective advice in agronomy and agrometeorology.
 

The multidisciplinary 
team felt that the recommendation concerning
 

date of sowing was the most 
important agrometeorological advice
 
provided, but the difference between the sowing dates of the
 

"advised" and "traditional" plots was small in 19S6. They have 

conducted empirical and si=ulation studies of the effects of sowi.
 

date on yield and developed practical guidelines for farmer 
 thac
 

were describe, earlier. 
 At this time i is not :,-ssibtetc sra-,
 

the value o'f the individual contributions from arometeor icgv and
 

agronemy; althcugh the azronomic advice is certaily off 
major
 

importance. In comparing 
the plots wit.h nearby fields it is apparent
 

that fertilizer has 
a major impact cn sorghum producticn in this
 

environment. However, in earlier years, yields of 
"advised" plots
 
were substantially higher than 
average yields in 
farmers fields ihere
 

fertilizer also was 
applied (Tables I and 2). 
 The comparison is
 

somewhat compromised by the fact 
that in conditions where 
labor is a
 

limiting factor, the "advised" plots will be managed better simply
 

because they-
are smaller than the main fields of the farmers.
 

Socio-economic studies.of the 
influences of 
labor availability,
 

anLmal-draft.mechanizat ion, 
and the availability and cost/benefirt
 

aspects of fertilizer would help the 
team.
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Th,. -.
u-idiscplinarv team was 
imressive with excellent leadership,
 
cooperation and coordination, and effective co=munication with
 
farmers. 
 The farmers appeared to appreciate the pilot project,
 
saying that 
they had 
learned the value of growing a small area with
 
good management and of basing 
the choice of sowing date on 
rainfall
 
data. 
 Tho farmers 
said that 
they would apply 
the improved methods
 
on 
their main fields if 
they could obtain credi: to 
purchase
 
fertilizer and equi:ment such as 
ox 
plows and cultiv.%ators, 
further
 

i ir. the need for ecor'omic analyses. 
 -!y overa:" im-ression is
 
that the 501..rJ a,':'Lce 

a'-,i 
 ,f C:e- .
' 
-
 did c.z
not recu-e r: ai-ti- "eahEr oa-a 


r-. he rciu 
.
 .. coul..
. . av bee
 

diggiz the 'i 
 :0 -. how deep rai.-n
ee had zeerrt-a= 
 and :'e 
resu'ts
 

or , "-rznc,-itu i conducted 
In t' ' ar:-s ": :a 

3...4. 
The i2ot ,- n 
 FrH (Mnistry of andTrai.scort 

Cotunications 
 1985a and 
lq5b) is 
being conducted 
in three villages
 
north, west 
and east of Ouagadougou at the humid boundary of the 
semiarid 
zone. 
 The average annual rainfall is 800 -s 
 occurr. g 
rn
 

season between May
one 
and October. 
The project began 
in 1985 wit

12 farmers 
(4 in each village). 
 In 1936 trials 
are being conducted
 
with 6 farmers 
in each village. In each case 
a field of 
1/2 hectare 
is divided into two equal plots. The farmer manages 
one of the plots
 
in a "traditional" manner. The other plot 
is managed in 
one of three
 
different ways depending upon the 
le-el of advancement of the farm 



with respect to cultural operations. The timing and types of 

cultural operations practiced in the three villages in 1985 are
 

described in Tables 3 A,B and C. A multidisciplinary team tells'the 

farmer when the "advised" plot should be sown, thinned, weeded and 

supplied with fertilizer.
 

In 1985 the "advised" plots produced moderately higher yields than 

the "traditional" plots, in sore cases, and substantially hizher 

'.'ields than those obtained on the re=ainder of the ;armers fields 

(Tables I A,S and C). Examinaticen a.d on-site nIsL:s ndiCated :-at 

the higher yields in :.e "advised" picts were mainly due to the 

provision of -oun:-:no=ic advise, n lun =ore'ie l

aDp!icatLons of fertili.er, and some additional inputs to "advised" 

plots (refer to Tables 3 A,3, and C), Gsuc-as rock phosphate and an 

insecticide spray in one case. The higher yields of the plots 

compared with the ar.ers fields were mainly due to effective use of 

more fertilizer. A more detailed analysis is not warranted until 

data are available for 1986 and possibly 1987. As in Mali, the 

advice provided by the team for management of the test plots did not 

require real-time weather data and was mainly based on agronomy, and
 

included increased inputs in some cases. he degree to which farmers 

will adopt the treatments advi-ed by the team will depend upon the 

availability of the inputs and credit or-cash to buy them, and the 

opportunity cost/return relationships for this use of the cash 

compared with other possible uses. Clearly, as in the case of the 

Pilot Projectt in Mali, socio-eco.nomic analyses of the agronomic 

packages are needed. 

-15. 
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3, Th e P.ilc' P.--iiect. 
in er eq al and Nier have just been initiated
 

Insfiacient is' 
 '-"vnvailable
to permit an analysis of these
 

projects. 
 Two aspects of the projects are noted. 
 AGRHYMET
 

contracted with the Institut Senegalais de Recherches Agricoles 
to 

conduct a socio-economic survey and diagnosis of the village prior to 

initiating the pilot project (ISRA, 1986). 
 Projects oE this type do
 

require substantial socio-economic base line data. The
 

multidisciolina. y group in Ni er responsible, on paper, for managin; 

the pilot project does -ct appear :3 be functioning. Projects o, 

this tVp e shCuld nCt be ina:i :e if su~ficienr azroromic sup. .r n
 

cooperation 
are nor ivailable.
 

].I.6. Conclusi)ns and Rec=.endatin C.e . ". 
 t?r;.::s. 


pilot prcjects mainly 'onsis cfc Ilots de-on.s crat i.- advar.ed 

a-rcno-iz, ecnLncues together with complemenzarv use of
 
agroclimacologic and weather data to 
provide advice concerning the 

most appropriate daces for sowing. It should be clearLy recoznizedL
 

that the various papers including 
the recent project paper for 

Senegal (AGRHYMET, 1986) describing many ways in which weather data
 

can be. directly useful to 
farmers 
are unrealistic and missleading.
 

The major beneficial outcomes of these projects, 
to dace, are that
 

they have strengthed communication between meteorologists,
 
agronomists, plant protection specialists and others, and 
that they
 

have encouraged meteorologists 
to 
become directly involved in 

agricultural development. 
 These are major improvements, whose values
 

for rural development should 
not be underestimated.
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ilor tTh oil. oroicts do not de-.monstrate. as was claimed by ILI as 

early as 1983 (NO, 1983), that applications of real-time weather
 

data could substantially increase crop productivity in theCILSS
 

countries. They do demonstrate that multidisciplinary teams of
 

agronomists, meteorologists and others can develop techniclogical
 

packages and apply them in a manner that substantially increases
 

productivity., on farmers fields. HlowevCr, they are not effective as
 

extension exercises because there have beeu insufficient
 

socio-economic analyses and the pilot projects 
are too expensive in
 

terms of the number of Eolars or person years c: er:or: per numbe
 

of farmers contacted or influenced y ".he .ec.s
 

it is extre.-.me un:ortunate ;ressure on .G.'-v cha:unreasonaole 

and national progra=s from donors seek'in: proects with h;'

visibility has resulted in meteorologists attempting to adopt 

leadership roles in agronomic extension. The most valuable role tha: 

agrometeorologiscs can serve is to work with and help agronoists, .* 

extension workers and others by developing improved management. 

practices and by providing weather data and climatic anaylses. It is 

unrealistic to expect the agrometeorologists to act as directors of
 

extension or demonstration activities.
 

For the future it is recommended that the ultidisplinary teams be
 

retained and reinforced, by the inclusion cf more socio-economists.
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The, teams shcuj.d direcc two types of activities consisCinz of: 
a) On-farm research led by agrometeorologists with the dual objective 

of developing and testing improved methods for applying
 

agroclimatological 
 and agrometeorological information to help 

farmers. 

b) Demonstration plot exercises led by agronomists specializing in 

extension in which complete, practical technological packages are 

demonstrated and extended to farmers. 

For bcth Ctypes of t:ivities effectiveto be it iS essent;.ial tha: the 

teams are trul: -u :Lisc;i;inar./ and cooperative and inciude 

ee er.c.e... r-ei :.s aztno"ic cc--po.ent tt heIs 

greatest opportuni: to increase crop productivity and stabilit. in 

the C7LSS countries. An': USAiD ccntributions to these ac'i..i'ites 

should be bilateral, rather than thrc-uh the ..AGR!MT.system, to 

insure adecuate linkales wi'h other host country pro ects. 

3.2 The Recic2al Procram at AGRHY!ET Center in .iamey. The major role of 

AGRH.tET Center is to assist national programs to collect, process 

and analyse weather station and hydrological data'. This is being 

achieved through training programs and the development of improved 

methods for analy:ing weather data. The AGRHY.IET center could also ' 

act as a regional coordinator, facilitating cooperation theamong 

CILSS countries. Regional hydrological studies of Senegal
the and 

Niger river systems, which cross several countries, would enable one 
country to help another, as would the monitoring of migrating insects. 

• i r'tir, • 



The regionai program should promote the standardization of 

methodologies, where this is appropriate, because this also will 

faci.litate cooperation in the exchange of data and comparisons of the 

results of analyses. Finally, since the various functions of the 

national meteorological services depend upon the acquisition of high 

quality weather data, and since working conditions in the CILSS 

countries can be difficult, it is reco-ended that the C!SS 

countries give AGRHY'T the mandate and responsibility for assisting 

the national prcgrams to produce reliable weather data in a cimely 

manner. This c uUd be ac.ieved by raini' n Cgrams visits to 

evaluate procedures and equipment,n weather stations, computerized
 

moniorin ofweache at rcduce- :' -al-i:nal weathe.-r .3 a tis n 

by establishing a zepar:menc in AGRI-F' YET Cnter c s r espon s i 

for monitoring and storing data. For =onitoring weather data, a 

progra=ig algorithm can be used to provide a warning vlhen
 

transmitted data are hizhly improbable in relation 
 to data in earlier 

years from the same station or internai checks of data sets can be 

conducted by including and recalculating means. 

4. Su2est ways in which the AGRh.YET agromeceoronlical prczram mizhht 

be imDroved, includin4 operational linkazes between the recional and 

national asoects of the -rograms. Some recormendations and 

suggestions for improving AGRHYMET were presented in earlier 

sections. In this section specific reccmmendations are made
 

concerning ways in which "Sahel Water Data and Management III" can
 

help AGRHYMET to improve food security in the CILSS countries. 
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The 'SAED component could mainly consist of providing computer 

equipment and software, weather station instrumentation, and trainirng 

in the use and maintenance of the equipment, as was the case during 

phases I and II. 

4.1. USAID could contribute to imoroved weather data collection in. the 

CILSS countries. Insuring that high quality and reasonably complete 

weather data are taken should be a high priority cf the AJrHYMET 

Program. The Penman Equation is presently the most accurate general 

mathod for predicitin; potential evapotranspiratin and is valuable 

for estimatinr- crop water use and conducting agroclimatolcgicai 

stujies. Dail,;. solar radia.iz:n is an important variable in th-e 

Penman Equation and it is aiso useful in m.cdels for predicting crop 

yields. Daily solar radiation in the CILSS countries is usuaily 

estimated from sunshine hours using empirical relation,, with the 

solar irradiance above the atmosphere but this can result in 

substantial errors. Robust instruments should be provided to measure 

instantaneous solar irradiance, provide time-integrated values and 

obtain more complete information on temperature. One such instrument 

is the LI-1200S Minimum Data Set Recording System from Lambda Co., . 

Lincoln, Nebraska, USA including the recorder, pyranometer, mounting 

fixture and air temnerature at a cost of S1160 each. On average 10 

are required per country. 

Wind speed is another important variable in the Penman equation. In 

. addition wind speed data are useful for evaluating problems du6 to 

wind and blowing sand during seed germination and crop establishment 
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and for roads and airports. Wind speed data also_ can.be used-to
 

estimate the value of wind machines for providing energy to pump 

water. There are 
relatively few functional anemometers in the rural
 

weather stations of the CILSS countries at this time. Robust
 

* 	 anemometers with totalizers 
are needed (e.g. the Lambrecht, Co. West
 

Germany can provide a suitable model for approx. $1000). On
 

*.average,, 15 are needed per country. 
 The total cost of the equipment,
 

including shipping and accessories is S250,000. The maintenance and
 

repair costs should be very low since the instruments are robust.
 

.. ..	 rvr,. S.
I contrut e 	 w-ether data : M.issn.r. It.-.n 

and between -he CL3S ccun:ri.es. More effective and timel' 

transmission of data could dramatically7 improve the overall 

:unctionin; of the AGRlY.ET system. In some cases transmission cf
 

weacher data within countries can be improved by providing more
 

sideband radios. Transmission of data between CILSS countries and
 

the AGHRYMET Center could be improved by installing microwave
 

transmitters and receivers providing permission can be obtained to
 

use an available channel on the Meteosat satellite. A new Meteosat
 

satellite will soon be in orbit so this possibility should be checked
 

out reasonably soon.
 

4.3. 	 USAID could ccntribuhe to imnroved data analysis and storage by 
national orograms and the regional center. The USAID component could 

provide the software required to process the Advanced Very High 

Resolution Radiometer data transmitted by the NOAA satellite to the 

AVHRR receiving station in Niamey, which is be. provided by Franceto 
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in 19S7. Normali:ed vegetation indices calculatedare from the 

radiation reflected by vegetation in the near infrared, and in the
 

visible wavelengths affected by chlorophyll. They provide an estimate 

of the extent and activity of plant foliage. Obtaining the radiation 

data from the AHRR receiving station would permit the calcula:ion of 

normalized vegetation indices for the CILSS countries with higher
 

resolution and in a more timely manner tha. is presently possible.
 

The present resolution 
 of 6000 km is inadequate for forecastin the 

area i=..acted byv drought, awhereas !solution as hig-h as I k:14 may 

be achieved with :he new system wh-cn would provide adequate
 

escimates of 
 areas. 7xperr advice should be obtained conceri.-g t-e 

value of this a,.:-cac- to re.cte sensin fro= a reeecr evaruation by 

the National Academ: of Sciences in the U.S. and other sour:es
 

because the consul.ant has limited ex-ert:ise 
 in this area.
 

Additional software 
 would be needed, and is available, to enable the
 

national meteorological services 
to use the daca on normalized
 

vegetation indices part
as of an overall approach to forecast yields. 
Present evaluations of relationships between crop yield and the
 

vegetation index are crude and 
 should be extended. For example, 

relationships 
for the peanut basin in Senegal where there is 

substantial cropping would be different from the relationships for 

north western Burkina Faso where cropping is confined to a small area 

and the remainder consists of lateritic outcrops with little soil or 

vegetation and optical properties that are different from crops. 
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Advanced persoenal computer systems could be provided to the 

Meteorological and Hydrological services in the CILSS countries to 

permit them to use the NOAA satellite data which could be provided to 

them by AGRhYMET Center as floppy disks or through the microwave 

transmission system described earlier. 
These computer systems would
 

also suffice for the storage, manipulation and analyses of weather 

data !or foreca~tin; water deficits and yield a.d for the other types 

of hydrological balance stadies needed in agro:limatlcoicaL
 

analyses.
 

TSAQ yulf ,..r.n ute to s u =.':9 ':n t !c AC,". ET -er or. 

ThLs ,uni: 'o4: provide orainin for naticaal program staff -,- te 

use anc reair of all equpznent and soft'a:e prcvided by the ;rwoect 

and in the analysis of data. To the maxi:.um Extent possible th:is 

tra ing should be conducted at AGRHYM!ET Cer.ctr, Niazey or at 

naticnal program headquarters since train=V in the U.S. is expensive 

and requires that technicians spend more time away from their normaL 

work.
 

By providing equipment, software and training, the USAID component 

should be sufficiently complete to guarantee its success, if p-.7operly 

executed, irrespective of variations in performance by other donors 

and components of the AGRh":1XET program.
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5. Assist 
in der-vinu avorcoriae cos-
 :nd benefit inforation in
 

conjunction wtth the 
team Agricultural Economist 
and Desi~n
 
S2ecialist. 
 Since the decision has already been made to 
proceed
 

with AGMRYMET, this consultant agrees with an 
earlier suggestion
 

(Weiler, 1986) 
that further cost/benefit analyses of the 
impact of
 

AGRHr.ET on 
crop production would not be useful. 
 Economic analyses
 

of the cost effectiveness of various .training options and of
 

recurrent cost burdens would be Particularl. useful. 
Cost!benefit
 

analyses of the 
Pilot 
Projects are not warranted because these
 

projects should be redesigned 
to have separate eifor:s, focusing on 

the develon-ent and demonstracion of tethnolozical ;ackaes 
. Any 

USAID Missions wishing 
to suppcrt these efforts as bi.aceral proje'c-s 

should consider the foiowing recon=endations which were discussed in 
earlier sections of the report.
 

a) ,.equire 
that an effective -.ultidisciplinary 
tea.-: is available with
 

adequate agronomic and socioeconomic support in addition to 
the
 

agrometeorologists 

b) Require that sufficient socioeconomic base-line information 
is
 

available for project areas 
prior to initiating on-farm research 
or
 

demdnstration exercises. 
 This would facilitate the design of project
 

activities and future evaluations of the impact 
of the projects.
 

c) Consider a dual approach with i) on-farm research Led by
 

agrometeorologist's for developing and 
testing improved methods 
for
 

applying agroclimatological and agrometeorological information to
 

help farmers, and ii) demonstration plot exercises 
led by agronomists
 

specializing in extension in 
which complete practical technological
 

packages are demonstrated and 
extended to 
farmers.
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.Conduct socoecnomic analyses of the suicability and
 

profitability of technology that is developed and of the
 

effectiveness of the demonstration exercises.
 

6. Rural development in Africa mainlv depends 
on the activlities and
 

effectiveness cf national orograms. 
 Major emphasis should be given
 

to the training of national.program staff, and this should be a major
 

priority for AGRHY.ET Center. Students should be taught both theory
 

and practical applica.tions, and' they should be given the opportuni'v
 

to gain practical experience. The 
70 hectare fa:m at AGR1-.F-:11E" 
..as su~f-ient land randdii'ae 
Center 

suft land area and diversity with resect to soils and 
.co,.raphvto provide an eifec.. field laborator-: for both tri..nsb 

and applied research.
 

The effectiveness of raticnal programs also depends upon the adequacy
 

of funding for operational costs. UTDP provided substantial funding
 

to national prcgrams in previous years. Proposed reductions in U5ND?
 

funding could seriously impair the effectiveness of national
 

programs. 
 A special plea is made to potential donors for the
 

provision of financial support to the multidisciplinary team in Mali
 

because they have been pioneers leading the AGRHWMET System and they
 

have the potential to be extremely effective in phase III. 
 Weather
 

data are valuable to both national programs 
and the inte-national,
 

community; consequently, long-term contributions to the AGRHYMET
 

program by international donors are warranted and may be necessary
 

t
ror 
the c6ntinued effectiveness of the national meteorological and
 

hydrological services in the CILSS countries*'
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'fable 1. Sorghum Yields in the Pil oL Pro j,:ct il i I i (KouaLt. and I'l10 - ,..) . 

Banc o miu a Ken i eroba 
2 3 4 2 3 4 

A T A T A T A T A A T A T A T 

1983 1635 1485 1675 1617 827 725 1818 1777 1345 863 763 872 
a 

405 345 1075 533 

1984 1340 1230 1543 1220 1940 1IjO 1300 140t 1395 920 
1.1 

1050 
c 

795 11310 
C; d 

1408 
d 

1380 
e 

1203 

1985 1310 810 1773 1785 1588 1233' 12(03 1223 1 g19 3201 5 1 d40960 820 504 4 3 

Hean 1428 1175 1664 1541 1452 1289 144 0 14 6 8 1113 842 j763 702 892 858 986 740 

Y -y
100 x 22 8 13 -2 47 9 
 4 33
 

Y 
t
 

Ya-Yf
 

100 x a 43 66 45 44 46 1 46 36 
Yf 

A = Advised plot a Plantingtocc,rred very late 

T = Traditional plot ) " The, plot was a!landmit d for o.e wonth 

Y = Yield in advised plot c - Dcatl of you.,ng plantt for uk nown reasons 

Y = Yield in traditional plot d =la;.ge: ihut- tO catil I 

Yf= Average yield in farmers fields 
 e PI'i!,i sence of pud.dles of w'ater in the fLeld 
1000 kg/ha for Banecnminana 

900 l-g/ha fur Kenieroba 



Table 2. :1 cL 'li, hdti iII tic. PI lot 1 ,ijt-cL i 1..1i I (Kiii. , "Ild Tx... -, 1'T-.) 

A 
1 

T A 
2 

Kongo Ia 

T A 
3 

11 A 
4 

T A 
1 

T A 

}Makand iana 
2 

T A 
3 

T A 
4 

T 
S s,.i - k*,- -* "1 --- -•v *" *- *,. 

1983 525 383 5 738 483 70o 30-)3 7 lit) 1032 85t 585 388 513 410 

1984 1050 863 1025 1000 979 908 1028 W8 161 915 1645 733 925 763 995 -0 

1985 1083 701 1000 780 968 1120 86 H P 5 1310) 12/8 1325 1046 773 505 903 683 

Mean 886 649 927 839 1 S46 837 865 717 1183 9S; 1334 878 761 552 804 631 

Y -Y
 
100 x a % 37 10 1 21 21 52 38 27 

Y 
t 

-Y 
100x a 19 13 
 8 5 63 75 
 9 12
Yf
 

A = Advised plot 
 V=1Pam;ge att. to 1,i ,t; (Oh. autih,,rs did iot include these yit-ids 
wht-ii cazlcolt iiig it '.of lhe advised plots conpared wi thL the- Traditional plot 
 avr,'nk. , yi 1u. in flrtuut.1is fit Ids). 

Y = Yield in advised plota 

Yt Yield in traditional plot 

Yf= Average yield in farmet', fields 
900 kg/ha for ,'ngula 
850 lg/ha for Mlakaidiana 



Table 3B. Cultural Operations in the Pilot Project at Pabre, Burkina Faso 1985
 

Month & No 


decade Tradit. Advised 


June 2 

3 


sow sow 


July 2 

3 weedin; eei-in 


I --

Aug "I 

3 


I weeding weedin, 


Sept.2 - 

ridg ing 

3 - -


Oct. 2 - 

3 harvesting 10 Nov 


Traditional plots 

and advised plots
 

Levels of Technolov 
No = low 

111 = med ium 
12 =high 

No NI N2 

Tradit, Advised Tradit. Advised Tradit. Advised
 

- sow ..... 

phosphate phcsphate 
sow manure plow&sow plow&sow ptow&soW plOw&eW 

manure 

- weeding .... 
NPK & '.PK & 

-weedin;. weedin W.eedi, we;ed e CL-",Z 

- - - NPK S urea-& 
&transal. wuedin ,we . 

weedin; ".,K& urea - 

ridging ridging 

weed ing - .. 

- - urea & - - 

ridging 
- weeding remov disease pits urea & 

ridging 
weeding ..... 

i harvesting .. 

harvesting - - harvesting 

phosphate= rock phospate at 200 kg/ha o 

';PK probably 15:15:15'at 160 kg/ha 

urea=46 % N at 50 kg/ha 

i 



-- --

---

TabLe3A......................... Cultural COperatins
.... ¢ " .. in the Pilot Project. at Tan;&in.... .	 . ... .. Bur ina Fs 1985u k 	 n a oil.8 .....1 

Month 	 & 

decade Tradi:. 


I 	 -

June 	2 marking 

3 sow 

1 -

Ju l- 2 

3 weeding 

Aug. 	 2 thinning 
&transpl 


3 -

No i 

Advised 	 Tradit. 


-

marking 	 manure 

& plow 


sow 

- sow 

- -

weedin 	 "weed 

-

- lip . 
ridging 

-weeding 


No 


Advisedi Tradit. 


I 

phosphate 
& plow 


-	 plowssow 

sow 
 sow 


pho s ph a t e 

5 we, dj 

eeedinz 

-	 t-anspt. 

ridzing 

'P.urea 

NI 	 N'2
 

Advised j Tradit. Advised 

-

-_ 

phosphate,' 
 phoshat
 
plw&sow plow&sow Olow&so. 

sow 

p ,, tiC i d, 	 
pest-	 .. l "?,K 

*rs"':-eed i.-z 
weedi g we n in 

:hinning - th inn.gr 
&tanspl NPK 

- weeding urea L 
urea & urea rria 	 .. .. 
weeding tans.
 

AS
 

weeding 	 weeding-weedi.g w i 	 ridging, -
ridging

Sept.2 weeding  _ - ridging  - _ -i
3 r idg ing...... 

- -

1---_--	 -.-

Oct. 	2 -  begin 	harvesting 
 . _ 

3 begin harvesting harvesting begin 	harvesting harvesting
 

:.Traditiona. plots phosphate ock phosphate at 200 	'g/ha
and 	 advised plots phoshate= ro ppa 

NPK = probably 15:15:15 at 160 kg/ha<jy 	 Levels of Technologv
 
No = low 
 urea - 46% N at 50 kg/ha

NI=medium.
 

., 	 . .N2 hig h 

.. ... ,• , :,,::.!:Ai4 
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Table 3C. Cultural Operations in the Piot Project at Gons', Burkina Faso 1985 

I /I 
-

Month & No No N N2
 

decade Tradit. Advised Tradit. Advised1 Tradit. Advised Tradit. 
Advised
 

-ark &phosphate 
 phosphate
June 2 , dry sow - plow & plow plow & plow 
mark & L


3 sow sow resow sow sow sow sow 
 sow 

. .. - 4July 2 weeding weeding 
. -

':PK - 
- weeding weeding weeding - wee ing 

3 - weedinz - - t.nnnng weeding :nnn 

I weeding weednweeding ,'?K S urea & I"PK S urea &S 
weeding weeding weedin riz r.ng

A u g . 2 
 ..... 
 . ..
 

urea& urea& 
-3 - weeding weeding: ridging -

I - - weeding weeding -
- , 

Sept.2 -  - - - 4 
3 - - -

Oct. 2 

3 harvesting harvesting began in November harvesting 

Traditional plots 
 phosphate = rock phosphate at NO kg/haand advised plots '" 
.NPK = probably 15:15:15 at 160 kg/ha

Levels of Technology
N = low urea 6 N at 50 kg/ha 
NI = med ium 
N2 = high 



TabLe 4A. Production data from Tanghin, Burkina Faso 
1985
 

No 
 Ni 
 NI 
 N2

Millet var P8 iPeanut var KI149A 
Sorghum var S29 Millet 
var P8
 

'II
 

Trad Advs Farm Trad 
 Advs Farm Advs
Trad Farm Trad Advs Farm
 

Living

plant; 30.5 33.0 29.1 
 23.3 22.6 28.0
26.1 31.9 18.9 '36.4 3.1 26.8
 

£ockets
 
'ithout 16.4 5.7 5.9  6.0 1.4 1.5
1.4 0.3 5.2
 
plan"tA
 

- th 200 390 O00 1720 1920 S c o3?0 1190 1370 ZL. On-;/ha.. 

.
 

Grain
 
'ei;ht 160 210 I0 1200 1400 '640 770 1 0 80 930 
 1063 470
 
kg/ha 


-


Rainfall
 
sow-har 581 581 593 524
524 524 547 3.8 581 593
633 5S1 

M..ms
 

Trad plot-~tradiLtional Levels of7echnolcev 
4o = 

Advs advised plot 
low 

NI= mediu= 

N2 = high ' 
Farm = from other fields of farmer 

-
L ' - . 

I- ",t , -. .,F " :, , • , 
 , " .
 . ; . . ,, o : ,
 



Table 4B. Production data from Pabre, Burkina Faso 1985 

No No N1 N2 
Millet Millet Millet Red Sorghum 

Trad Advs Farm Trad Advs Farm Trad Advs Farm Trad Advs Farm 

uiving 
rant 13.4 16.1 17.3 23.9 17.3 18.4 32.2 32.0 19.9 25.5 76.-

Pockets 
1- C - 6.0 0.3 1.5 -

plIan ts 

"e a1d 

.ei-c. 
:: ha 

520 610 900 1220 770 1390 19rO 710 2C 3c.0 1i 70 

-eiaht 320 3.0 - 720 920 570 910 1350 020 2i1-0 20 900 

sow-har 433 433 - 426 461 A26 406 4C6 406 4C0 1-05 1-C5 

Trad = traditional plot Levels of Tec- nz o,: 
NO = o w 

Advs = advised ?lot NI = medium 

Farm = from other fields of farmer 
N2 = high 



Table 4C. Prcduction data 
from Conse, Burkina Faso 1985
 

No 
 No 
 NI 
 N2
Red Sorghum 
 I Millet Sorghum var S29 
 White Sorghum
 

Trad Advs Farm ITrad Advs Far= Trad Advs Trad
Farm Ad-s Farm
 

Livin.z 
pl ants 25.1 23.6 23.4 
 2 .1 29.9 32.0
27.1 33.2 24.' 21.1 .5
2 27
 

p . ckets
 
' .,ou t 0.9 0.6 1.2 1.0 1.5 0.8 0.9 1.1 
 1.2 1.7 1.0 4.7
 

"/10Im

ead
 
...:i-. 2:,0 37"0 2SI0 ;0 660  55)5')C 1090 0 0 

-'c
• 2220 2610 2120 450 560 
 1310 1240 S10 750
9 1/ha "zC3co
7l ' C
 

Rainfall
 
sow-ihar 594 620 
 560 832 757
829 829 829 &46 6-0
620 623
 

Trad = traditional p'cc 
 Levels of Tec.ncogv
 

No = lowAdvs = advised plot NI medium 

Farm Farm h=gh=from other fields of farmer
 



APPENDIX A
 

SCOPE OF WORK
 
for
 

Anthony Hall
 

As *:!e teami Aaro-reteorol1-cisrt, the Assaciaze will caref'Klv 
examim.e the teoret:cal and ocerational bas iz upon which th~e 
AGRYE pr~q a:7 w iU appIy 3ce:eo-c-.cgy t1-o:-heSa~neiianm 

~cn:.Fo1Lcw:nc a b-rier orientacion in Wasninq'-cn, h"-willJ 
to :--e -. ,-'-- he :aeam, Agricultur.al Eccnoaist: to: 

a. uti4t of~u~ GTHeAG-~YE ef -oeroa i 

-~~: N''.acrzr: r . eQ-.e -'r"; Trecs cure; 

b~ in ain3, 

n~.-:e between t -e rrc.. n~iaz:cnal asceczs oz he 

=.assist in c--erivinc apprcoriae cost and benefit 
:r~raio ncnjunczion witn the zt-am Agricuitural Ec - nom1.st 

ar~ :es .g SCec1a11St . 
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TEA *,R I, CLO 

Coosmn -A 3 *x-,*.iBilns . gn-.yPi 

10vesalL Cbjectives of Team 

Tn. orncoal cojective of tno team ii to contrioute 
.0 %it duality, accuiracy are reallsa of vie sain wmiect Paoer 
cocuuent. They will co t-iii oy oaininq an inr-ceatn strowlee 
of theo issues oertainmna to acricuicuri croauctimrucrecastino, 
.nd Cy t:.en Or~mino tflis inrcrumaticn to Dear, -:nrouan im~racucn 

amtv whiole Cesicn team cn tripoaverai ;rojevtcar 

~e tean's focvssed anal~ms Of tne airicu~ttiral issues will 01 
."ansmil-ea in t!o fort of a conceise c~~ "ec-InIcalace) 

;r rp i. This 'nrex mil! c'cnain i ciscmsioin of .ssA-j, taule'l 

.:ncaimnim r~ie'vavt C-.s; ana trcrmim cata. ama a ctamiec 
,et of f'nainq catitms f-or tnt i3 ro~ec. 7The xznwiua 
3c:IvItIeS to be consicerme~ or IJ Nnxra are 

-a :m:-~ vvaiuat%-n ia vmitc-rirl Z:An1 

Lv:imocn tnterac:3-.n v~e tm1cii "am 
,es*.cn emerce. Therersre, essen'tiai c :r, 

.- of ,ill injJi :.roiecr 
it ~s *.-at k~ c'iL14rV 

2a =sicer irra eiaocrae'toor m~ CT!Jc f-3 I furerma.ore 
The-A o:tiors will ceoeEo en leyei of funoinq avasia~la arc on' 
.no f,.naincs of otr..r *eau "emr. 

Ireoirv annex on teImmicil. feasioility of agricuiturv 
oo;ectives, inciuoinar 

Intcreasing aqriculturai ovroauctx-on via aovict to famrsr 
-Croo yield fcecasting 

For- eacn objective, trio team mill cntemno 

-Data inouts roauired to coerate noooea I nf mat on 
* - SowrV~ ara rviiaoility of cata wuing used 

Analytical tools reeoea/us~a to crocess cata 
- Froourcy amiusefuiruss of ir~forsation outouzt 
- hc inout, cat& is transmitted to crocessors ania 

hows Ourout data rtac-nes UIro 
- EyiCeYrcs tnat oroossec nfrvacion from Aarwnvun is 

telrq usmd 

-,~-ofr successful uses can ce real icateaontoiu 

orojecti relate to otntw ag reseamra rojects'i the Shl 
ctwoeiitial as tnby we it conodres to "roram goals

BoteeR/~I~nllat eArn ooIv In aow systea 
-The Zwvvi, tiffirq aria ofjeCt-tlveS 0f omcou AID funing 



Infcr iozourr.s 

The Agricultural Team will visit Ni wr burkina ana Faii. 

ARC
 
LSALD/Miamry 
Ni1~er Pqricultum fyaroloatcal aw Ieteorvoocical services 

(Parriyue Cll) 

ILS 10 /pa aa 
Parniywt oiiav orciectv cits,,ce (Cjod 
aarvtn koricuiture. nycroicaiciaL rlet.eorVIQoaica SerVices 

~orno~lI zrjec:in tnt -aice leauej 
:tali .^aric'j~tqre, ntom~caicji ia~ ,.eveamocoicai sevyi es 

.- i ?"ariviakure Teas wil.l cram on t-.e cooue taa as
 
m CevMUnIci.1Ms vstefi
wrce ef inforijticr: aocuc 

ana will interact V,'.Int team aoour riscl"Utlora C"1VLOMr 
issueI at t:ne naticnaiI level%. 

SeconoAry resoonstilities 

aria Finri:al coss/erefics of trt aaricuiture oojectt~ess 
aria luoi cations*of wmta oosevwon tne rcurrei z cot tney 
01' rONCria. 

Dr. Sillincs will oartiti e winf A. &iaim. in Me*
 
;rvoaration of %noEconoics Rinnex to tne reoort.
 



systemsi 

ecurravni ivalicastions of rwiial 
inforsaplcn sy-itess o~eraiorcp in Par 1ywat 

I 'P'rooosea 410 striteqy- for Ndnq Aqr1yset inforiation systers
 
mems (escecially dc ;Oe raticn.ai level) - vIiljwxq trainine
 
furciq levels ana soecif,,c e'cuioimt recoor'catiovji
 

R19 cost a reqional level 

Inforzatien Sources 

hicer 

~qricui~ryla so:etecrOicqlCal serices k 
,( ParmyWt Coll) 

GUACA Cfl, Eemira Canter 

kklier Call) 

Eerecal
 

Sermoal goricijturv, hyarolcatcal iino mrneorcloqical services 
ik~rnriet Call)' 

- irTe infortation systews team will interacv witn the Agric*uiturv, 
7eama on unicaions reeas acriculturaL ooiecivesscc Ifor 
am cnir isiuei loicn,affect Dogm agriculture arc inforsuaxion1na:1utiora 


* systems reme 

Secorciury ;"DOMOsIJItICS 

the team will collect inforzaion relevant to thle ecommi~c aria.1finarcialcosts/berefits of the inforwsation systeim arta on
 
the recurrifl c~cs imolicationrs of iimat they cuseryv or
 

ecMe-C 
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C~Aoosit ions Earle hay, William Ruthierfordj 

C'verall CbJev;:ves of Team 

ine orincloal ccoe-ctve of tn. team is to contriouam 
to Oe cuality, accuracy ana rvaiisa or tie main 'rojevt paoer 
CO"Nent, They "'ilt CO tuis cry ainirq in1n-reairi kno-iec;
of t ;o issues ICertinlrqg to Intortlcn sYstm~ 11rcludira comutaers 
and taiecc~inictizcris) &no national level iriiutionai Issue%,
ino ty trien cringirg t~is information to :;ear. trou~cn interaL-icn
wign t-- maole csiun teai, on trie overall Print paoer. 

To.teax's fccusses analysis of lnf':rzation system's will be 
-iarmsai::.e~j in tie for, or Ac:r~i S WI-cV .,aei . 7ecrinical 
9-new. T.)is Annex mill csntan a'-lsc-;ssjcn cf !sSuet. !.aale~s 
.nIamniro relevant CTS; ano tecrnicl c ata, arvi a cetailea 
-:et of f~r~inl -- '.lcm f,.r noe :recvn.-1 i'TI.crrvc UI 
ActlVicles to w,c-.micerej f~r "I triaG~r arle 

- uccor! ta exis:;r7 inforutal:n i;
- uo34rac-e of rancna~l leveli nrcrnaticn svitms 

- Aintenar",, traini,^o aia lrstivjt:crai, ceYeLOUeflt 

C-.iv trireugn interac-.icn -3f ti~e wie ;.?an mill rinal -Mlecinees'.vi eoerce. Therefcre, it. s essential t.-jat -..,I ifozinyse'
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AID/AFR/PD/SWAP:JHRADSKY :FAF:3597M
 
10/30/86 647-6331
 
AID/AFR/PD/SWAP:CPEASLLY
 

AID/AFR/SWA:EAMUNDSON 

AlD/AFR/DP:SGROSSMAN 

AID/AFR/TR/PRO:JOLSSON 


PRIORITY 
 NIA MEY 

PRIORITY 


AID/AFR/TR:ABURGETT
 
AID/AFR/TR/ENG:8tIOSLEY
 
AID/GC/AFX:88RYANT
 

PRAIA, DAKAR PRIORITY, BANJUL 
PRIORITY,
NOUAKCHOTT PRIORITY, bAMAKO 
PRIORITY, OUAGAEOUGOU PRIORITY,
 

.DAC PARS FOR SLOCUM, OEC ./CLUB 
DU SAHEL
 

CP
 
JH
 

EA 

E'-P FOR SAHEL A6WATER DATA AND MANAGEMENTPID -(25- T5} Il.6
 

SG 

SUBJEC- PROJECT PlD-LEVEL ECPR WAS HELD 
ON
10/23/66. 
 ECPR WAS CHAIRED BY 
AFR/PD DIRECTOR PEASLEY

AND INCLUDED REPRESENTATIVES OF AFR/SWA, AFR/TR, AFR/PD,
AFR/DP, AND ST/AGR. ECPR CONCURRED WITH PROJECT
COMMITTEE RECOMMENDATION TO MOVE T ?
" 
 L PP REVIEW LMLE HELD IN AID/W. PROJECT
CJMMITTEE COMMENTS FOLLOW. 

2-
 PROGRAM ATTAINABLE OBJECTIVES: 
 THE PROJECT
C01MITTEE EXPRESSED ITS STRONG CONCERN oVER THE LEVEL OFDEVELOPMENT OF THE OVERALL AGRHYMET 'PHASE III PROGRAM
WITHIN WHICH THE AID PROJECT PROPOSAL WILL BE HOUSED.
THE PROGRAM PROPOSAL PRESENTED AT THE .9/86 CAC MEETING
 
IN GENEVA 
DOES NOT SHARPLY DELINEATE SPECIFIC PROGRAM
OBJECTIVES, TIMEFRAMEAND COSTS FOR PHASE III AND
SEYOND, 
NOR DOES IT CLEARLY ALLOCATE RESPONSIBILITIES

AND FUNDING AMONG DONORS. 
 THIS, IN ITSELFi RAISED
SUBSTANTIVE SUB-ISSUES IN FOUR AREAS: {A} WHAT WILL BETHE SPECIFIC PRODUCTS OF/THE AGRHYMET SYSTEM AND WHO
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W.ILL UTILIZE THLM OvER THE COURSE OF PHASE IIIbLYOND? AND{b} IN WHAT T1I1EFXAME DOES AGNHYrlLT 
ASSUCIL 
THAT
SIGNIFICANT IMPROVEMENT OF 
AGRICULTURAL PRODUCT1ION WILL
8E REALIZED AND IS 
THIS RLALISTIL? 
 {C} WHAT IS THE
LONGER-TERM RECURRENT COST BURDEN OF THE 
AGRHYMET SYSTEM
AND TO 
WHAT EXTENT SHOULD SELECTION OF PHASE iII
TECHNOLOGIES BE CONDITIONED BY THAT BURDEN?ANSWERS TO ALL THE {D} PENDINGAbOVE, UHAT 
IS THE rIOST APPROPRIATE
DIVISION OF LAdOR BETWEEN THE NATIONAL AND REGIONwAL-LEVEL CENTERS? 
 THE. PROJECT COMMITTEE FtMLY SUPPORTS
THE PHASE III INTENTION OF REINFORCING THE CRITICALNATIONAL CENTERS. IT IS HOPED THAT THE FUNCTIONSASSIGNED TO THE REGIONAL CENTER WILL BE KEPT TO ANESSENrIAL MINIMUM. 
THE PROJECT CO,,ITTEE EXPRESSED 
THE STRONG PREFERECE
 
THAT 
THEZE SALIC PROGRAMl 1LUES 8E 
RESOLVED PRIOR
FINAL DESIGN THE
OF AN 'ID PROECT FOR PHASE 

To 
iII. ITHECOGhI4ED, ALSOHCuEVER, THAT THE 9/66 AGRHYrLT IIIPROPOSAL PROGRAMREPrESThTED A SIGNIFY.CANT STEP IN THE RIGHTDIRECTION ND 7HAT SU PLElI"4TAL D"EFTNITbIoiROGiRA OF THECOULD EE :EVELOPED 2Y THE PP DEZiG.N TEAM.j LTi1ATELr 1TFE -",TO PE :m TTHE FIELE N 

THE PP TEA,-, TO TRAVEL , 1- A AENC DN EPENhD1NG,2,6 RES. ON THEHCI IT C,1 fAKE iN DEALLNC WITH THEA-O'E-NOTED SUES, Tr.E TEAM ilAY PRODUCEDOCL'.ENTE) {A} A FULLYPRP 'EC7 PAPER " , J..F REc4UR,,ED, MAYCONDITIONALITY USE70 ENCU'URAGE GREATER ATTENTIONOUTSTANDING IZSLS, F.', {2, 
TO 

A WELL DCCUnENTEDREPORT WHICH ISU',,E2CAN BE UTIr.IZED BY AID AND OTHER DONORS TOFOCUS A r7ENTC.,^ ON THE SPECFIC WORK TO LE DONE BEFOREAID CAN PROCEED WITH THE DEVELOPMEtir OF A PROJECT PAPE,. 
3. FUNDING LEVEL: AFR/S4A IS STILL UNABLE TO
AN ACCURATE ASSESSMENT PROVIDE


OF FUNDING AVAILABILITY FOR THISCROJECT, ALTHOUGH CURRENT ESTIMATES ARE 
THAT AID 
SHOULD
BE ABLE TO COVER THE MINIIAL REQUIREMENTS OF THEII PROGRAM. PHASETHE PP TEAM IS TO EXAMINE A RANGE OF
.EVELS OF 
EFFORT, 
DETERMINE THE ADVANTAGES AND
DISADVANTAGES OF THESE DIFFERENT LEVELSAID AND RECOMnENDA COST-EFFECTIVE TOYET TECHNICALLY SOUND LEVELSLPPORT OFBASED ON ITS INVESTIGATION. 
ASSUMED BY IT SHOULD bE
THE TEAM THAT MOST PROBABLE POTENTIAL LEVELS
WILL BE UNDER DOLS 6 MILLION'
ACTIVITY FOR THE LOP. THE COMIP'ITERDESIGN SHOULD BE DEVELOPED IN A MANNER WHICHWILL PERMIT PROGRESSIVE AID 
DISENGAGEMENT, AS 
DEEtILD
APPROPRIATE, OVER THE COURSE OF PHASE Il. 

4. AFR BUREAU PROGRAM INTERESTS: 
 THE AGRHYMET i1
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PROJECT WILL HAVE POTENTIAL LINKAGES TO
AFR AT LEAST FOUR
BUREAU ACTIVITIES. 
 THL PP 
TEAM SHOULD EXAIINL THESE
LINKAGES AND ENSURE THAT THEY ARE APPROPRIATELY

INTEGRATED INTO THE PP DESIGN.
 
A. NOAA/AISC: 
 THL AGRHYIET PROJECT IS 
AN OPPORTUNITY
TO FIELD TEST THE UTILITY OF
INSTITUTIONAL NOAA/AISC TECHNOLOGY INSETTING ANIN AFRICA. 
 AFR/EA AND
BE AFR/SAKEPT IMFO.RMED WILLOF THE PXOJLCT DESIGNTHE RESULTS AND, DEPENDING ONOF THE AGRHYMET ACTIVITY,.TO MAY WISH TO ' S uy.,nTHE PROJECT FOR A SIfMILAR NOAA 
OPEPATiON IN THEIR
fEZPECTIVE REGIONS.
 

B. CRTO: WHILE AID 
1S PHASING OUT
THE OUAGADOUGOU DIRECT SUPPORT TOPEGIONAL RErNOTE SENSTNG CEN4TER,LIKE TO ENCOURAGE APPRC.PRIATE IT WOULD 
LINKS (E.G. TRAINING}EETUEEN iT AND THE AGRHYMIET NETUCRK. 

C. LOCUSTS/GR"A HOPDERS: WHILE AID HAS YET TO
:T NASCE14T DEFINE
7 LOCLST/GRASHOPPER PROJECT, IT7-AT 1T WLLL iS CEAFLE 
P 

HAVE A TEZmIiCAL FOCUS IN7 1'NFE.TAT%T.'j AND EARLY wARRING 3FA GEOG'APHICAL FOCUS IN
iT UOULD SEEr, THE SAHEL.LOGICAL THAT iNKAG L IHERE WILL AL OF:>.GE: jITH HETHE AGSRHYrET PROJECT. 

r. FELUS: AS AGRHY?'ET FUF7.-jj DEYELOPSCRPIPANGELAND ITSNONITORING "..-ACITYLCGCAL IT IS LIKEWISETHAT ,UTUALLY ADVA', .d;EOUS LINK S,ESTABLISHED WI7H FEWS COULD EEAN., 1"RLRP.R26 RA15.S 
USG EARLY WARNING 

L. DATA PROCESSI: 
 IT REMPAINS YET TO BE
THAT AGRHYMET HAS DE 'mONSTRATED
THE TECHNICAL 
CAPACITY TO 
RECLIVE,
PROCESS AND REDIFFUSE NECESSARY DATA IN A COST-EFFECTIVE
ANL 
TIMELY MANNER. 

TELECOMMUNICATIONS BECAUSE THL DEVELOPMENT OF 
THE
PORTION OF 
THE AGRHYMET PROGRAM WILL
bE DEALT WITH BY DONORS OTHER THIM AID,
bE INSTRUCTED TO THE PP TEAM WILLEXAMINE THAT ISSUE WITH KEY DONOR
TECHNICAL 6ROUPS AND FACTOR AND


THAT ASSESSMENT INTO
FEASIBILITY REPORT. ITS
BECAUSE THE COMPUTER PORTION OF 
THE
AGRHYMET PROGRAM IS UNDER THE LONG TERM TECHNICAL
SUPERVISION OF WMO, PD/SJAP IS REQUESTED TO
TO ATTEMPT TO CONTACT WMO
ARRANGE FOR A COMPETENT COMPUTLR SYS.TEMS
ANALYST TO AUGMENT THE PP DESIGN TEAM.
 
6. SOLE-SOURCE CONTRACTING: 
 WHILE iT
THAT NOAA/AISC MAY HAVE 

IS RECOGNIZED

A UNIQUE CAPACITY TO
SUPPORT -TO TH.E SUPPLY
CROP MONITORING PORTION OF
PROGRAM, THE AGRHY1ET
IT IS 
ALSO RECOGNIZED 
THAT OTHER POTENTIAL
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COMPETITORS M1AY EXIST IN THE FIELD.. THE PP TEAM ISTHEREFOtRE DIRECTED TO EXPLORE THE WIDEST POSSIbLE KANGE
OF IMPLEMENTATION AGENTS FOR THIS PART OF
FURTHERMORE, IT 1S EXPECTED THAT THE PP 
AGRHYMET III.
 

FIELD ANALYSIS
WILL CONTAIN NO SPECIFIC REFERENCE TO NOAA/AISC UNTIL A
APPROPRIATE DETERMINATION CAN BE IADE BY AFR bUREAU ONThIS TOPIC. yy 
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Travel Schedule-A. E. Hall--while preparing technical annex for " Sahel Water 
Data and Management III " in 1986. 

Mon,11-3 , 4:00 
9:00 


Tue,Il-4 ,11:40 


18:00 


Wed,1l-5 , 8:00 

9:00 


12:20 


15:30 


18:00 


Thu,ll-6 , 9:00 
12:30 

15:00 


20:00 


Fri,l1-7 , 8:30 

11:00 


13:00 

16:00 


17:00 


19:15 

20:00 

Sat,ll-8 , 8:00 

10:00 

15:40 


Sun,ll-9.,10:O0 

14:00 


on,11-l0, 8: 00 


Riverside to Los Angeles by shuttle service
 
Flight LAX-JFK-CDG Paris read documents concerning AGRHYMET
 

CDG-Niamey, Niger, discussions with team leader, Asif Shaikh
 
and agroeconomist, Martin Billings on the plane
 
To hotel and discussions with Shaikh, Billings, computer
 
engineer/systems analyst, Earle Nay and institutional analyst,
 
William Rutherford to plan work schedule 

Team discussion to plan strategy
 
Meeting at AGPY.ET center with DG Coly and his team C.
 
Dancette, D. Lambergeon, J. Domergue and H. Rousselot, AID
 
Project Officer, Dennis Panther, UNDP rep Mie Tevoedjre and
 
team
 
Meeting with Panther and. acting Deput 7 Director, Daytcn
 
Maxwell at USAID
 
Meeting with Dancecte and Billings at AGR .Y..ET
 
Full team met with USAID mission personnel 

Meeting with Domergu , Shaikh and Billings at AGR .HYM.ET
 
Met with Dancette, Rousselo. , Do.erzue and M. Forest
 
Discussions with Dancette and staff
 
Meeting with CRISAT agronomist, 3. Ntare -


Teaci met with LMDP reps M. Cabaili and Tevoedjre, Panther and
 
Asst to ADO, Flynn Fuller
 
Met with Lambergeon and Dancette; a'nd visited experimentalL
 
farm at AGFEH1.!ET with C. Jacobsen
 
Discussions with Dozergue and full team
 
Meeting with ICRISAT agroclixmatolcgist, M. Sivakumar and
 
Billings
 
Team met with directors of Hydrology and Meteorological
 
service in Niger
 
Team meeting
 
Dinner with Coly, Domergue, Lambergeon, Maxwell and team 


Team meeting 
Team met with NOAA computer engineer, Fred Welden 
Flight Niamey-Abidjan missed connection and stayed night 

Flight Abidjan-Bamake with Shaikh and Billings 
Discussions with Shaikh and Dancette 

Meeting with USAID mission in Mali, acting director, Wilbur 
Thomas, Emmi Simmonds, Ben Hoskins, Elzadia Washington, 
Project Officer, Abdoul Diallo and asst Mamadou Fofana 

0 



9:00 

11:00 


Tue,1l-ll, 8:00 


9:20 

11:00 

12: 00 

15:30 

16:30 

Wed,ll-12, 8:00 

10:00 

10:30 

14:C0 


16:OC 

Thu,l1-13, 8:00 

10:00 

11:00 


15:45 

18:30 


Meeting with DG of the Met Service, Konare, Director
 
Agrometeorology, Konate and Traore, and Fofana, Dancette,
 
Shaikh and Billings
 
Visited Pilot Project at Bancoumana with Konate, Traore and
 
others working for the met, agric and extension servicIes,
 
Fofana, Dancette, Shaikh and Billings, met with a large group 
of farmers and examined field plots. Visited the 
agrometeorological station serving this project and returned
 
to Bamako at 18:00
 

Meeting with Directcr Hydrology Services, Ba, Sidibe, Diabate 
and an e::patriot involved in training, Fofana, Dancette,
 
Shaikh and 3illings
 
Meeting with the multdisciplinary work group (GT?) including
 
the directors and reps of Met and A~ric depts, C-neration Haut
 
Valee, CMDT, Plant ?rctection and Livestock Rearing, Fofana,
 
Washington, Dancette, Shaikh and '!illings
 
Meetin; with the reuresentative of the National Conittee to
 
heip v,,ct-ms of drought, Christian Remy, of the early warni.
 
projecc, Phii:.e Autier, Fofana, ashingt, n, Traore o- _he 
et -:'rv,Dancette, Shaikh and Bililngs

Eyamned :cmuuter fscilities at the o1 a i r;ort in Bamako with 
Traore, Fofana, ' a iLnr-on, -%ancet te, Shaikha skil.inni 
Meetir with LN'D? rev, CharLes Larsimont, asst Clemenceau, the 
FAO repDn Mali, Traore, asington, Fofana, Dancette, Shaikh 
and 3iilin2s
 
Met w'ith t.e director of Ag Met(Konate) and Dancette
 

De'rie-ing at 1'SAID mission in Mall with Thc:Ias , Si onds 
Hoskins, Diailo, Fofaza, Washington, S. K. Redd7, Dancette,
 
Shaikh and 3illings
 
Met ocher team members, ,ay and Rutherford, at airport
 
Flight Bamako-Ouagadougou with Billings and Dancette
 
Discussions with Bonaventure Traore, Project OffCer-, and Mike 
Sullivan, Special Projects Officer L'SAID mission, Burkina
 
Faso, Billings and Dancette
 
Meeting with the Director cf the Meteorological Service, Jean
 
Pierre Ouedraogo, Hama Kontcngombe, Dennis Ouedraogo, Billings 
and Lancette
 

Meeting at the Dept of Studies and Planning with Director,
 
Dacda Kontongombe, Andre Sawadogo (GTP coordinator in 
1985),
 
Statistician, Gaspard Badolo, Billings and Dancette 
Meeting with B. Tracre, Billings and Dancette at USAID 
Meeting at Met Service with H. Koncongombe, D. Ouedraogo, 
Billings and Dancette 
Went to visit Pilot Project at Gonce with D. Ouedraogo and an 
ORD representative, Billings and Dancette. Met with a farmer
 
and visited his fields and the experimental plots. Returned at
 
18:30
 
Discussions with Dancette
 



Fri,11-14, 8:00 

10:00 


12:00 

15:00 


19:00 


Sat,11-15, 8:00 


16:00 

Sun,1l-16, 8:00 
12:00 


15:00 

Mon,11-.7 8:00 

11:00 

15:20 

2!:00 

Tue,ll-18, 	S:Cc 

i2:00 

13:00 

15:00 


16:00 

Wed,l1-19, 8:20 


10:50 


14:00 


Thu,1l-20, 


Sun,l1-30, 

Fri,12-26 

through
 

Tue,12-30
 

Billings met with acting Mission Director USAID
 
Hall and Dancette met with reps of the multidisciplinary work
 
group (GTP) Chairman, Bougousare, Dpt of Ag rep, Sanoussi
 
Fofana, and H. Kontongcmbe
 
Meeting at USAID mission with B. Traore, Billings and Dancette
 
Visited the Pilot Project at Tangin with the Met Service rep,
 
Etienne Zongo, Ord rep, Phillippe Cuedraogo, Billings and
 
Daacette
 
Discussions with Dancette
 

Went by road from Ouagadougou, Burkina Faso to Niamey, Niger 
with Billings and .ancette, arrived at 15:00 h:s 
Began preparing report 

Continued preparing report 
Meet inz with Billings and Dancette 
Finished report 

Left report for typiaz ry USAID mission Niger and had 
discussicrns with Pant-ler, .axel!, Fu!.er and Ouincy Binbow 
Confirned fiizhts with U A
Meein with ?antrher an. -rooe cra:: re~ort 

Mee .' ,h4 :. S!a~k. ar.d :av 'ho had :ust recurned fromc ena 

Meeirg wic-Th Parher, had report corrected, made coies and 
provi.ded the. to tae _,ssicn 
Providedl -onies eo : peomers -team aid 7eMbers oo o 	 repor: ofr 

Discussions with team 
Discussed 

USA :D 
Niger Appl_,ed Agric Res Project wiC. ., Graybeal, 

Discussed project paper with full team 

Team presented provisional findings to AGRHfME team, Panther 
and Welden 
Debriefing with Deputy Mission Director, Cary Colter, Maxwell, 
Panther, Program Officer, Randy Casey and team 
Left for airport to fly to Abidjan 

Worked on 	report in Abidjan and on flight to Cameroon
 

Finished off draft report for transmittal to DAI 

Completed Technical Annex 



APPENDIX E
 

Discussion of Some Key Questionsb Raised by AID/W.
 

The principal activities to be considered for,AID funding (Appendix B)
 
were a) support to the crop/rangelands monitoring and forecasting system,

and b) a project evaluation and monitoring plan. The recomendations of
 
this consultant that AID should contribute to improved weather data
 
collection, transmission, analysis and storage would support crop/rangelands

monitoring and forecasting and the general agroclimatological activities of
 
AGHRYMET and the national programs. The evaluation and monitorin,of the
 
Pilot Projects would be of limited value. 
 The main assumption on which
 
they are based, that real-time weather data can help farters in the CILSS
 
countries, is invlaid. They should be redesigned to take advantage of
 
what can be achieved :hroubh agroclimatological analyses.
 

Several options for AID funding were requested but only one general o:tin
 
was provided which dealt mainly with information collection, transmission
 
and analysis. it is assumed that the infor--ation Sysce=s Team will provide

detailed funding ovticns in this general area which could accomodace 
 4, 

different levels of funding.
 

AID/W asked how the agricultural research being performed on these projects

relates to other agricultural research projects in 
 the Sahel. The overall
 
AGRHYMET prcgram is obtaining data and conducting agroclimacolcgical

analyses that 
are extemely useful for virtually all agricultural research
 
and development proeczs. 
AID Missions in CILSS countries should insure
 
that their bilateral projects are making full use of the available weather
 
data and agroclimatological analyses. After the necessary, redesizn it would
 
be useful ,to 
intezrate the Pilot Projects with other cc:nplementary
 
agricultural research and extension projects.
 

The project comittee in Washington (Appendix C) asked 'the following
 
quest ions.
 

a) What will be the specific products of the AGRH"'YET SYSTEM and who will
 
use them over the course of Phase lII and beyond? The main products should
 
be high quality weather data and agroclimatological analyses, that can help

planners, research scientists and extension agents involved in rural"
 
development to be more efiective, and 
remote sensing data that helps various
 
agencies to forecast the extent and severity of famines.
 

b) In what timeframe does AGRRM"ET assume 
that significant improvement of
 
agricultural production will be realized and 
is thisrealistic? My estimate 
is that the main contributions of AGRHYMET to agriculturalproduction will 
be indirect. It will be one component of the mulidisciplinary team. effort
that is needed for agricultural *development, and the contributions will' be 
long-term and.cummuative. 



c) What is the longer-term recurrent 
cost burden of the AGRHYMET SYSTD1 and
to what extent should selection of Phase III technologies be conditioned by

that buraen? 
 I start by assuming that the core activities of the national
 
meteorological and hydrological services and the AGRHYMET center are
essential for agricultural development, long-term and continuing in nature.
This assumption is supported by the history of agricultural development in
the U.S. and elsewhere. It is also clear that the future capacity of
AGRHYtMET center and most of the national programs to pay recurrent costs isextremely low. Consequently, Phase III technologies must be selected that 
have low long-term recurrent cost burdens.
 

d) What is the most appropriate division of labor between the national and
regional centers? I agree with co=ents by the pro]-ct ccmmittee that 
support to na:ionai centers should have major emphasis because chey play a
central role in data collection and provision of inforzation and advice tothe primary users. it should also be recognized that the regional center in
Niamey has an essential and important role tc play in supporting the
national cencers. Due to the difficult operating conditions in scme of che
CILSS countries, there -will be a tendency for some of the national programs
,o become 'a::fctivein the main core c:ti:i:7C coi ectBag r.igh quality
•4eacher and m.dre oa data. AGR'.7XE7 center su d be des ined to ass .st
naticnal prcgrams to overccmr operational problems. AGR HY!E center can
also play an iz:ror-a.- role in coordinating z'e activites of natio.a; 
programs and in tne Eanaareization of methoco o;ies of" data collection and
anaysis, reinforcing the role of WMC. 
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I. AGRHYMET PROGRAM OBJECTIVES
 

A. Evolution of Program Objectives Phase I - III
 

There has 	been a subtle and subterraneanly gradual, 
as
 
well as overt, shift of 
focus in the evolution of AGRHYMET
 
Program objectives since Phase I program inception in 1975 and
 
the current inception of Phase III.
 

Ove.rt planning called for the following:
 

Phase I, 1975 
- 1981: 	 Strengthening of national meteo
rological, agrometecrological 
and hydrological networks;
 
creation of an AGRHYMET Reaional
 
Center (ARC) and the carrying
 
out of various training.
 

Phase II, 1982 - 1986: Implementation of basic operat
ional activities such as the
 
collection, analysis 
 and
 
distribution of national and
 
regional agrometeorological/
 
hydrological data and training.
 

Phase III, 	1937 - 1991: 
 Extension of operational activi
ties in providing data and
 
information to farmers, herders
 
and other end users; the
 
Sahelianization 
of the program
 
by CILSS member countries
 
including staffing and financial
 
support.
 

USAID and UNDP evaluations indicate that results achieved
 
in Phases I and II include a large proportion, but not all, of
 

experimental
 

the initial objectives. However, Phase II saw the 
introduction of new operational activities and objectives, 
particularly in the introduction of an initial 
agrometeorological based 
pilot project in 
Mali. The results
 



of the Mali pilot project led 
to a call by the donors (CAC)
 
for the extension 
of pilot project methodology to other
 
countries. The strengthening of national services 
as well as
 
the training as 
called for in Phase I are long-term, on-going
 
undertakings that also
were major activities in Phase II.
 
These 
aspects of the program will doubtless continue into
 
Phase III and perhaps beyond. However, some major donors have
 
been pressing for operational activities, initially planned
 
for Phase III, to reach end users, during Phase II. To a
 
large degree 
this is beyond the current capabilities of most
 
national services given the complex problems they 
face in the
 
areas of extension and communications.
 

Nevertheless, several CILSS/AGRHYMET member countries
 
(viz, Niger, Burkina Faso, Senegal) have initiated or are
 
initiating pilot projects based 
on the Mali model. Most are
 
also publicly broadcasting 
and publishing meteorological and
 
hydrological information on a frequent and sustained basis.
 

However, these efforts 
to reach end users are limited in
 
scope and impact. The number of villages and fa::ms involved
 
in the pilot projects is quite small averaging perhaps 

villages and 25 farms in each 
country. Simultaneously the
 
donors 
are becoming more and more impatient to see the fruits
 
in concrete terms of the past several years of activities and
 
investment of resources. 
 Unfortunately, instead 
of examining
 
the current state of the national services (agricultural,
 
meteorological and hydrological), as compared with 1975-1981,
 
the donors are raising the question as to how many farmers are
 
presently benefiting directly from the AGRHYMET Program.
 

This subtle and creeping shift in focus has led to a
 
number of institutional frustrations: AGRHYMET Center feels
 
compelled 
to reach end users in a time frame never before
 
envisaged; national services are 
organizing limited pilot
 
projects that are 
only partially conclusive; and the donors
 
are demanding more and greater concrete results.
 

4 



In addition to the donor-led thrust to reach end users
 
there have been considerable pressures to involve the program
 
in advanced meteorological technological developments 
such as
 
remote sensing, early warning 
systems, agricultural research
 
and other related agricultural sector development projects
 
(viz, INCRISAT, IPM, etc.). In fact, 
AGRHYMET Center, in
 
addition to its role as 
regional catalyst and coordinator is
 
engaging in direct tangential operational activities (in
 
addition to training) through the operation of an experimental
 
farm and more recently through the implementation of a
 
Netherlands funded crop protection project.
 

The impact of these frustrations and divergences 
on
 
program developments and resources allegation is portentous
 

and is discussed below.
 

B. Divergent Perceptions of Objectives
 

Based on the interviews and research carried out by the 
USAID PP Design team the divergent perceptions of AGRHYMET 
program objectives can be summarized/paraphrased as follows:
 

Donor (CAC) Community 

Improvement of the quality of life the
in region through
 
increased food production resulting from the provision of
 
appropriate agrometeorological information to end users.
 

2. World Meteorological Organization (WMO)
 

Stewardship of the responsibility for accomplishing the
 
above by coordinating and reconciling CAC demands with ARC
 
activities.
 



-- 

3. AGRHYMET Regional Center 
(ARC)
 

Strengthening of 
national services through coordinating
 
provision of meteorological, agricultural and 
hydrological
 
data; supply equipment, material and 
training to national
 
services; catalyse and 
coordinate 
CILSS countries cooperation
 
in the use of agroclimatological 
information in increasing
 
food production.
 

4. National AGRHYMET Centers 
(NAC's)
 

Increasing food production 
through the strengthening of
 
capabilities and 
cooperation/coordination 
of efforts by key
 
ministries 
 and services (i.e., agriculture, hydrology,
 
meteorological 
and, 
in some cases, information); facilitate
 
and expedite the national collection, analysis 
 and
 
distribution 
of agrometeorological 
and hydrologioal data to
 
national (mainly government) users; 
 and, finally, forward
 
decadal data to 
ARC.
 

5. Official Institutional (Collective)
 

In addition to 
the observed perceptions of objectives
 
noted above, 
 there are the official, written 
 objectives
 
arrived at by consensus (promulgated by ARC/WMO 
and endorsed
 
by donors in the 
 CAC). The last version indicates the
 
following:
 

o Developmental Objectives
 

member country food security.
 

regional food self sufficiency through the
 
application 
 of hydrological and

agrometeorological data.
 

o 	 Immediate Objectives
 

develop and 
 implement hydrological 
 and
 
agrometeorological 
 data observation

collection methodologies 	

and
 
for crop,
 



livestock and surface water monitoring;
 
analyze and store resulting data in the
 
ARC data bank; provide this data to end
 
users upon request.
 

contribute to the development of an early
 
warning system at the national, regional

and world levels through the provision of
 
hydrological, meteorological and
 
agrometeorological data and forecasts.
 

contribute to food
increased production

through the dissemination of advisories
 
and suggestions in a form usable by rural
 
communities.
 

continue the strengthening of appropriate
 
national services and the ARC in view of
 
the progressive assumption of management

and support functions, following an
 
indicative ten year schedule, by Sahelian
 
member countries.
 



II. INSTITUTIONAL DEFINITIONS
 

Chronicling 
the 	above divergent 
perceptions 
of program

objectives 
is a 	clear indication of the 
need to better define
 
institutional roles and responsibilities.
 

A. 	 WMO
 

As 	 the executive 
 agency 
 the 	 parameters 
 of 	 WMO
responsibilities 
vis-a-vis the CAC, ARC, NAC's 
are 	not 
clear.
WMO authority for implementing CAC mandates, responding to ARC
and NAC 
needs and 
requests seem 
uncertain 
in 	terms 
of WMO
 
performance.
 

Is 	 WMO responsible 
for 	program problem 
identification

(through periodic evaluations, etc.) 
 and 	the proposition of
remedies? 
 To 	 whom is WMO ultimately Whoresponsible?

monitors WMO performance/accomplishment 


cf its mandate?
 

B. 	 ARC
 

As the 
 regional catalyst/coordinator 
of 	the AGRHYMET
 
program, ARC 
activities 
should 
be confined 
to that role and
not 	be allowed to 
overlap into operational activities that are
actually 
the 	implementation 
of tangentially 
related 
discrete
projects (eg. 
 early warning systems, forecasting, 
 crop
 
protection).
 

C. 	 NAC's
 

It is questionable whether 
the 	national services have 
a
formal and binding (legal) 
responsibility/relationship 

ARC. The relationship is 

with
 
unclear, aside 
from 	ARC's provision


of material, training and services in return for national data
(principally the decadal bulletins) and marginal consultations
 



by the NAC's. The role of the NAC's 
 in accepting
 
responsibility for and planning the achievement of the 
objective to Sahelianize the AGRHYMET Program over the next 
5-10 years has yet to be determined. 



III. VIABILITY OF AGRHYM4ET PROGRAM
 

The AGRHYMET Program is 
currently functioning in a viable
 
manner, with certain shortcomings, due 
largely to considerable
 
external financing through donor support.
 

A. ARC
 

The ARC is 
well staffed at present and is pursuing the
 
mandate well 
 in 
 the areas of training, data collection,
 
analysis storage 
and dissemination. 
 Similarly the 
 center
 
fulfills a role a
key as 
 catalyst 
and in funneling material
 
and services 
to the NAC's. Shortcomings 
at thi ARC include
 
management and 
structural 
anomalies (discussed below 
under
 
critical issues) 
as well as the problems of confused program

objectives 
 and institutional 
 role definitions 
 discussed
 
previously.
 

B. NAC's
 

The National Centers (with the exception of Niger) are 
currently functioning at an all-time historically high level. 
The multidisciplinary groups 
(GTP's) are meeting regularly and
 
frequently. The 
level of cooperation achieved 
between the
 
various ministries and 
services 
involved is unprecedented in
 
most of the countries 
visited. 
 The basic institutional
 
problems for the 
 1AC's include limited funding in most cases
 
(Mali being the exception), and the ubiquitous 
problem of

national 
and international 
telecommunications 
 (with Senegal
 
being perhaps the sole exception). 
 It is strongly recommended
 
that the 
 WMO/ARC/CAC mandate 
 and implement a
 
telecommunications 
needs assessment 
and that this area be

highlighted 
 in future planning and closely 
 monitored 
in
 
subsequent program reviews and evaluations.
 



C. CILSS National Components
 

There is a CILSS representative 
in each member country
 
and his role is to monitor and coordinate all CILSS programs
 
and projects. It was the 
design team's finding that this
 
system is currently functioning poorly as regards AGRHYMET.
 
In some countries there is sporadic 
contact and exchanges of
 
information 
between the CILSS representative and the NAC, in
 
others there is virtually none.
 



IV. SUSTAINABILITY OF PROGRAM
 

The question has been raised by USAID and others as to
 
whether the AGRHYMET Program can be sustained cver time and
 
mainly supported by member countries by the end of 1991. The 
clear answer is a resounding negative given prevailing 
circumstances and those that can be reasonably anticipated. 

A. Budqet/FinanCes
 

The regional project 
has been funded 1976-1986 by UNDP
 
for a tctal of $11,490,000. 
 The UNDP has also allocated
 
(through 1986) 
to NAC's a total of $14,000,000. UNSO has also
 
contributed to 
the program: $1,550,000 to ARC and $650,000 to 
the NAC's. Substantial material financial hasand support 

also been provided 
 by several donor countries (notabl]y USA, 
Belgium, Netherlands, France, West Germany and Switzerland). 
The estimated total donor cash contribution tz end 1986 is 
$10,830,000 plus $11,750,000 of additional ir.kind materia. and
 
assistance. It is not possible to really compare this
 
international support with member 
country contribution which
 
have evolved in the greatest period of growth as 
follows:
 

ARC Budget Evolution (CILSS Contribution)
 

Year 
 Budget % Increase
 

1976 
 FCFA 5 million
 

1977 
 10 million 
 50
 

1978 
 23 million 
 130
 

1979 
 46 million 
 50
 

1980 
 55 million 
 9
 

In addition the CILSS budget contribution has been frozen
 
for the past five 
years, and given the current economic
 
situation in Africa there appears 
to be little likelihood of
 
substantial change in the immediate future.
 



This freeze is in effect despite the CAC finding that a
 
phased take over of 
support by member countries would have to
 
include.the following budget increases:
 

% Budget Increase Needed to Sahelianize AGRHYIMIET Program
 

Base Budget 1980: 
 FCFA 55 million
 

Rate of Needed Increase 1981  1982 42,27%
 

Rate of Needed Increase 1982 1983
- 22,15%
 

Rate of Needed Increase 1983 1984
- 22,33%i
 

Rate of Needed Increase 1984  1985 12,53%
 

Rate of Needed Increase 1985 
- 1986 17,12%
 

Rate of Needed Increase 1986 1987
-
 12,29%
 

Rate of Needed Increase 1987  1988 14,03%
 

Rate of Needed Increase 1988 
-
1989 !0,12% 

Rate of Needed Increase 1989 1990
-
 11,17%
 

At hIe national levei (with the exception of Mali)
agrometeorolcgicai services budgets are very small and have 
been static in recent years or 
have actually declined.
 

B. Levels of Support
 

There is strong political and administrative support for 
the AGRHYMET Program in 
 member countries. However, 
 as
 
previously noted, there is little evidence of intended early 
change in resource flows 
to the program. To the contrary, the 
CILSS budget has declined in real terms (taking in inflation
 
and normal salary increases) each 
year since 1980, despite
 
increased ARC activities and responsibilities.
 

Donor support is also declining at the NAC level. UNDP,
 
by far the 
largest AGRHYMET donor, is reducing its bilateral
 
contributions 
in all three countries visited during the PP
 
team's field trip as follows:
 



Phase I 1982 - 1986 Phase III 1987 - 1991 % Change 
Burkina Faso 
 $1,100,000 
 $450,000 -66
 

Mal 
 713,000 
 250,000 
 -

Senegal 
 1,076,000 
 600,000 
 -

The decline in 
UNDP support reflects 
both tighter world
economic condjticns and the frustration discussed earl,., with 
actual 
 and perceived AGRHYMET 
 Program cbjective-- and 
achievements. 

The abiii _v and the will of member countries t--D ve
forward with Sahelianization of the ARC is ver, much open to
question. Currertly of 35 professional staff 12 are Saheiians 
and excluding the Director (supported by WIVIO) and 3 other
Sahelian experts (supported by other donors) only 8 Sanei ia:
professicnal are supported by CILSS. t .s projecc ed t!.at 
this number will Q:cw to only 13 by 1991. Saheliar s;ptce
staff ,row"th at ARC since its inception has been as fol 0ws 

CILSS Supported Personnel
 

Year Support Exoert 
 Budaet
 

1976 
 2
7 FCFA 5,062,500
 

1977 
 7 
 2 
 10,915,900
 

1978 
 13 
 2 
 15,564,000
 

1979 
 34 
 2 
 45,427,000
 

1980 
 39 
 3 
 97,928,000
 

1981 
 42 
 4 
 61,926,582
 

1982 
 43 
 4 
 76,601,544
 

1983 
 43 
 5 
 78,125,170
 

1984 
 43 
 5 
 78,125,170
 

1985 
 49 
 6 
 78,125,170
 



The non-growth in 
the budget and the glacial increase of
 
CILSS supported expert staff, as 
shown above, has effectively
 
blocked implementation of plans to Sahelianize the program and
 
threaten its future.
 



V. ARC LANAGEI.ENT
 

The organizational 
structure 
of the AGRHYL!ET 
 Program
which 
is a complex management 
connundrum 
 that makes the
identification and resolution of problems difficult. 
Decision
making and 
management 
responsibility 
is decentralized 
 and
diffused to the extreme, compounding the complexity of the 
governance of 
the program.
 

For example, there are eleven layers o" management, i.one includes the 
implementing agencies 
and the 
Club du Sahel,
that impact upon the direction and cperaticn of the Center.They range from the Heads ct State meeting every two "ears tothe various technical, 
administrative 
and donor committees to
the new three member Director's Committee recently established
in the reorganization of CILSS. The Directror General must beconstantiy 
 responsive 
 to the perspectives, concerns 
 and
priorities of these varying management cons-i':encies whosepercept.ions of program focus and needs eveLv in obviously
ufnsynchronized directioi,.s.
 

A further complication 
is the internal cso-:'ination

management of personnel. 

and 
A notable anomaly has been the
expert, appointed by NOAA under a pasa arrangement 

T/A 

with AID,who is responsible for all ADP 
installation, 
procurement,
servicing 
and maintenance 
as well as repair 
and logistical
support 
and the procureme..it 
 radio 
and other communications
equipment. 
 This person has no immediate superior at ARC andcarries 
out his 
 activities 
and duties 
in an Ad 
hoc and

basically unstructured manner.
 

it is the design team's minimal recommendation in thismatter, 
that the 
duties 
and responsibilities 
of this T/A be
precisely defined 
in a job description 
and assigned to 
a new
technical services line division within ARC which will also be
responsible for ADP training and planning.
 



In addition to the stress that 
these organizational
 
anomalies impose at the operational level, it makes problem
 
identification difficult and problem resolution burdensome and
 
time-consuming. In effort to reduce 
some of these problems
 
the XI CAC meeting agreed to institute a system of management
 
by objective. After completion 
of a brief (12 days) W1IO
 
observation mission 
an attempt was made to organize the ARC
 
work plans and divisions according to vBO procedures.
 
However, this effort has been 
largely unsuccessful due to the
 
fact that ARC staff do not underscand the procedures or how to
 
apply them. A management expert should be assigned to A C for
 
several weeks to teach the BO methodology and to work closely
 
with each division head in setting up the system in his unit.
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I. Introduction:
 

In this section an attempt will be made to determine how soon and to
what measure society 
 is likely to benefit from the substantial

investment(s) made inAGRHYMET. Itwill be argued that AGRHYMET should not
be viewed as 
a conventional project producing a quantifiable benefit from
 a discrete input. AGRHYMET is rather an effort to create 
in a single
stroke a major piece of social overhead whose benefits may not be felt for
at least another generation. The 'key' operative word 
is social; AGRHYMET

is an investment to produce a product 
- weather related data - which willreach and affect all users of agricultural products in addition to thosespecially identified with the project - agricuiture, farmers and cropproduction. Publically produced and distributed meteorological informationis a -universal 
phenomena. It's importance to agriculture is widely
recognized. Sahelian governments and populations have only recently begun

to benefit from the presence of such service.
 

The section will note 
the niche filled by the AGRHYMET project as a
social investment and then go on to at 
least touch on some of the benefits
which are potential to the project, in forecasting and as input to
agronomic work. Building upon the 
projects' tangible benefits, which 
are
princically to be found in agriculture, an effort will be made 
to
determine when and under what circumstances AGRHYMET can produce a
positive rate of return for the project and society. 
 Because the
conventional tools 
of economic analysis produce distorted results when
applied across thirty to forty years, 
dependant as they are upon very
strong assumptions required for the analysis, 
more than usual dependence

must be placed upon qualitative analysis and measures.
 

AGRHYMET will be viewed as an entity throughout. Although AID has
contributed only about 13% 
of the total, it is a critical part. The many
components are intended to fit together to 
satisfy the projects goal - tocontribute materially towards food self-sufficiency in the Sahel. It is
practically impossible to separate the various 
cost streams sufficiently

to link a particular benefit to them. The work done by 
the ARC and
national centers, supported by the AID project, 
can provide an important
input to the agronomic research, but it is by no means the only input.
 

II. AGRHYMET - its economic and developmental context: 

a) Background:
 

Few areas in the world were 
less prepared for independence in terms

of formal infrastructure than the Sahel. In virtually every technical
domain these states were and largely remain un-equipped. The large social

investments, vital to the operation of 
a modern society, which produce
important information to 
the public as a whole, were entirely absent.
Among the 
least developed of these structures, in the case of the Sahel,

has been the meteorological services.
 



Sahelian states are ill-placed to develop the service from their own
resources. Social 
overhead investments such as a national meteorological
service are demanding of scarce skills and equipment, expensive to operate
and slow to yield an often 
intangible product(s) but are nevertheless
vital to society as a whole. 
Presently developed countries were able to
equip themselves with social infrastructure gradually, paid for 
out of
revenues gleaned from growing economies. And they were able to systain
them, sometimes for decades, before any measurable payoff occurred (i).
 

For the Sahelian countries the problem of how to provide themselves
with the necessary supporting 
 apparatus of social infrastructure,

including strengthened meteorological services, at a time when they cannot
establish or continue them from their own 
resources, appears intractable.
There is nothing in the present 
state of their economies which lend much
hope 
for an early upturn in public revenue which will enable them to
 
support expensive public services.
 

Although donors have been responsive to the perceived need for social
infrastructure on the part 
of Sahalian countries, they have not fully
thought through the implications. Because the returns to social 
investment
 may be difficult to perceive, and are typically diffuse, 
success often
goes unrecognized when it comes. 
 In time donor interest flags, and
external 
support declines even as positive social returns may in fact be
in prospect. This moment may arrive fo,' AGRHYMET in the early 1990s (2)
 

b) AGRHYMET: what realistic expectations should include.
 

Although only limited economic analysis of the economic value of
weather information appears to exist, and most of this has been done indeveloped 
countries, the findings are suggestive. The general publicapart, a number of sectors can be shown to be direct beneficiaries ofweather information, defined here 
to mean forecasts from six hours to
week in advance. a
These include mining operations, commercial fishing,
 

I. A well-known example is the grant collegeland system in the
United States, which was begun in 1862 
(the Morrell Act) and expanded ever
since. Economic analysis 
of the system, if required in the original act,
could not have realistically promised a positive carry for years. 
It is
likely that the economy received little in return 
for its cumulative
investment until 
this century, and probably not until the 1920s - a gross
lag of sixty years!
 

2. Although an extreme case, Sahelian countries are by no means unique
in their need for long term help. It is worth bearing in mind that vastly
better equipped India and Pakistan 
(at independence in 1947) continue
receive assistance forty years later. Scarcely developed Sahelian
to
 

countries will require no less.
 



activities affected 
by frost, forest management, offshore drilling,
transportation (air in particular), sales promotion, construction and most
important agriculture. 
 Of this list only air transportation and
agriculture are relevant in the Sahel. And much of the forecasting used to
support air transport is affected outside of the AGRHYMET system. AGRHYMET
must, therefore, be justified on essentially agricultural grounds. What is
the experience elsewhere?
 

A study in the 
UK (3) showed that a judicious use of weather
forecasts to choose the best times 
for cutting and drying hay increased
yield and quality by 10% 
and thereby increased winter milk production by
2%. Also in UK, weather forecasts were 
used to choose sowing and harvest
times for wheat -and barley which 
raised yields by several percent. A
French stud), reported losses avoided by using weather forecasts to select
wine grape harvest dates around Bordeaux are 10 - 15%. A US study foundthat in a 
pilot crop weather project inMississippi, weather reports aided
farmers to avoid pre-mature planting and permitted efficient pest control.
A benefit/cost ratio of 40:1 was reported. Other studies showed early
warning of weather activity was 
especially beneficial to crops heavily
dependent upon spraying (especially fruit) and irrigation.
 

The Canadian study, reported to be the first 
effort to measure the
value of weather information upon several 
economic sectors, suggests themajor beneficiaries 
of short term forecasts (less than six hours) are
fisheries, transportation (as affected 
by snow) and construction.
overall benefit/cost The
ratio for all sectors (including agriculture) was

calculated to be 10:1.
 

Agriculture is primarily affected by intermediate forecasts; 48 hours
to a week. Economic benefits chiefly from
derive reduced costs (lower
chemical and application costs, more timely operations overall), 
increased
yields (more effective use of fertilizer and sprays), improved quality
(reduced harvest damage) overall
and improved farm management (daily
scheduling). Farmers 
 were especially keen on 
 learning prospective
temperatures, wind 
speed and direction, precipitation and humidity. This
information 
directly affected planting (reduced the need for reseeding),
tilling (timing of seed bed preparation), spraying (predicted infestation,
scheduling application, reduced need for reapplication), fertilizing (best
effect 
 obtained when moisture becomes 
 available immediately after
fertilization) and harvesting (when the ground is dry).
 

The Canadian study estimated the economic value to 
the economy from
shorter 
term weather forecasts upon grain production. While the savings
and increased 
value per acre were small 
($5-6 per acre), they affected

55,000,000 acres!
 

3..This and all succeeding anecdotes derive 
from Economic Value
Weather Information of
in Canada, prepared for the Atmospheric Environment

Service (Canada), by the DPA group, 1985.
 



1) savings incost of production 

- either activity specific savings ($ millions of S6.23/acre) 320.
- or, estimated incremental savings ($5/acre) 
 256.6
 

2) value of increased yield
- quantity and quality ($6.60./acre) 
 341.8
 
total 
 $598.4-661.8
 

How much 
of this is relevant
savings accrue from 
to the Sahel? A great deal of the
more efficient 
use of.chemicals, which
very important, by are not now
any measure, 
in the area. Irrigation, important
several studies, affects only percent 

in
 one 
 of the Sahels' cropped 
area.
Moreover, much of the particular information used by the Canadian farmers
comes 
in the form of highly local area-specific information provided not
by general bulletins but special reports from the 
local weather station.
Farmers often obtain this by farm to station phone calls. This combination
is unimaginably remote in the 
Sahel. Nevertheless
practices a core of analogical
in the context 
generally better understanding of probabilities
seem to be relevant with 
respect

harvest. to tillage, planting, fertilization,
Better scheduling of hired 
 labor, family labor (those
positive opportunity costs), with
 use of seed and fertilizer 
etc could pay
important dividends to Sahelian acriculture. What has been done? 
 What is
possible?
 

1. What AGRHYMET has wrought?
 

A regional weather-reporting system existed in French West Africa up
to the time of independence. Only weakly developed in the Sahel
data has been collected since the early 1900s), 
(rainfall
 

than support air transport (through 
the system did little more
ASECNA) up to
circumstances its contribution to development was 

1975. Under such
 
minimal.
 

The AGRHYMET program has 
 created
services in.each modern national meteorological
of the 
eight Sahelian countries
existence, the eight (although formally in
are 

indigenous technical 

in widely differing levels of development).
cadre has come 
into being and 
An
 

(16 under US programs 119 have been trained
in data processing systems).
have benefitted directly The national services
from the establishment of
reporting network a Sahel-wide weather
funded under 
AGRHYMET which 
 includes nine 
synoptic
stations, six main climatological stations, fifteen
stations, sub-climatological
509 rainfall stations 
 and twenty seven
stations. Under AGRHYMET the national 
agro-meteorological


systems are linked to
regional center the AGRHYMET
(ARC) located in Niamey. The whole is linked to the world
weather watch 
system 
(of the WMO) and receives regular inputs 
from the
various weather satellites. Eventually the system will 
likely contribute
to an Africa-wide weather service.
 



Under AGRHYMET permanent organic inter-ministerial links have come
into being. Here, the primary users of meteorological information within
each country -agriculture, hydrology, forestry, 
in particular - meetregularly, exchange information and periodic
produce reports on the
progress of the annual 
rainy season. These sessions are chaired by the
meteorological service and 
are usually held at their offices which bestow
considerable prestige to a traditionally neglected service. Regular
reports generated from these sessions have come enjoy a wide circulation

and growing demand.
 

Senior government officials have learnt the value 
of continual
monitoring of rainfall 
in each district and have come to demand it. In
Burkina, the 200-odd rainfall stations have access to military radio and
are expected to report daily during 
the crop season. This communication
network is centered at the office of the 
chief executive so that the
President receives 
a daily briefing on rainfall 
and weekly reports on the
progress of crops, by district. Monthly summaries of potential local
surplus and 
deficits are prepared by the AGRHYMET-sponsored intraministerial committee 
which 
 are made available to senior government
officials. Similarly in Mali, 
an intra-governmental committee established
under the program accomplishes much the 
same. And in Mali 
too, military
communication systems maybe 
used in the stead of relatively unreliable
civilian channels. 

None of this useful cross-ministerial coordination would have beenpossible without the AGRHYMET project. An example of its impact can bedrawn 
from Nicer where in 1985 early warning gave the alert five months
ahead (August instead of January) of harvest time that local deficits were
likely which allowed authorities to make early emergency food supply
plans. Many lives otherwise injeopardy were saved in consequence.
 

2. The agricultural potential of meteorological information in the Sahel.
 
Broadly speaking meteorology deals with 
two sorts of information:
climatological and meteorological. Climatology 
is the study of climate;
the long term regime which determines the effect of the seasons 
on the
ground. Weather, or meteorology, is the study of the day to day or short
term changes in atmospheric phenomena. With careful 
analysis of weather
information, improved 
in recent years by satellite imagery, forecasts of
 up to several days are possible.
 

African agriculture is weather 
 driven, being almost entirely
dependent upon rainfall. Sahelian farmers plan their crop and work cycles
in conformity with time-derived perceptions of what weather patterns are
likely to 
be given certain conventional indicators. Individual 
farmers,
who are skilled in the matter, can fairly
make reliable short term
forecasts of up to 12 hours. 
 Plowing, seeding, thinning, weeding,
application of pesticides and 
top dressing decisions are made based upon

these judgements.
 



Climatic patterns, however, 
seem 
to be changing in ways the farmer
can 
only tell years after the 
fact, which
particular weather events will affect the odds
occurring as they have of
 
farm decisions made as in the past (4). Poor
a result will 
almost certainly have
effects upon production. A few weeks late planting, for example, 

serious
 
a third 
of potential production, and can cost
further postponement, 
the entire
crop. These sorts of mistakes multiplied across the entire Sahel
enormous 
 amount to
personal and social losses and represent the real
cost of investment "opportuniTy 
"
 
conventional 

in AGRHYMET. Although AGRHYMET may be justifiable
meteorological on
grounds,
important product may 
it is arguable that its most
be agronomic. To
meteorological the extent AGRHYMET-produced
and climatological 
information
weather-related can be
risk used to- reduce the
element in planting and other
AGRHYMET may be justified in terms 

cropping decisions
of incremental 
crop production. This
will taken up below.
 

a. The value of analysis of longer term trends.
 
An improved understanding of climatic trends can have profound impact
upon agricultural 
 planning. The
reduced post 1968 drought, for
overall rainfall example, has
by 30% in association
rain of up to with delayed arrival
several of
weeks depending
appears to be shortened by 20 days 

upon area. The cropping season
on
growing conventional crops 
average. The risks associated with
have consequently changed completely. What
happening 
is that farmers are is
being compelled to
day duration in a climatic regime that may in the 

plant crops of say 120
 
particular
really support a 100 day variety. On the other hand, were a 

case only

short duration
variety of say millet available, a second crop might be attempted (likely
cow peas) even while less overall moisture were 
ivailable.
 

AGRHYMET 
 can produce information 
 useful to
agronomists, farm systems analysts etc which can 
plant breeders,


suitable cropping systems. And, 
allow them to design more
as a consequence
progressive change of monitoring the
in climate, continue to
ICRISAT, for example, (which has 

shift the systems as 
well.
 
entire breeding program 

a station in Niamey) is structuring its
around the 
search 
for varieties 
which best fit
into the emerging moisture regime, in the context of improved knowledge of
soils. The 
search for

risk analysis 

improved plant architecture depends upon
of the likelihood of informed
 
duration, incidence - which can 

various rainfall events - beginning,most easily be provided for the whole of
the Sahel by AGRHYMET.
 

4. There is growing evidence that a 'greenhouse' effect planet wide
may be having, or 
about to have, an
renaer entirely obsolete 
impact upon the Sahel. The effect will
farmers received understanding
thus all of their judgements based of weather and
upon this will 
be in 
err as well. To
the extent the 'effect' is real AGRHYMET may come to play a role scarcely
imagined, today.
 



The payoffs 
to these breeding programs are unmeasurable at present.
But their product will, in time, 
affect every production project in the
Sahel and, as seeds 
become available, a large number of farms 
as well.
Improved 
varieties can be supplemented 
 by better informed cropping
strategies using them, built upon least-risk planting dates and best 
use
of net moisture over the entire crop season.
 

AGRHYMET-supplied information 
 on moisture levels
(assuming the use of satellite 
in the soil


sensing) with continual monitoring can
improve the 
quality of water management in rain 
fed and irrigated areas
alike. When combined with 
 soil, transportation and other 
information
AGRHYMET can support the identification of opportunities and problems and
be of use in planning. To the extent the Sahel 
remains arable, AGRHYMET
supported agronomic programs 
could go a long 
ways towards reducing the
areas' vulnerability to drought. And, the subsequent analysis, will depend
to a significant degree upon 
the cereal production effect of the above
research the decades following the official end of the AGRHYMET project.
 

b. AGRHYMET and intermediate situation evaluations.
 

More controversial is the use of AGRHYMET in crop forecasting, allied
as it is to remote sensing as a primary 
means of monitoring standing
crops. The ability to do this effectively - linking the index of
'greenness' of vegetation with net moisture estimates, detailed knowledge
of local 
soils and topography, in addition to distribution of population,
carrying capacities of local 
crop systems and the complexities of inter
and relay cropping gives pause to many.
 

Nevertheless 
 AGRHYMET-initiated 
 inter-governmental 
 committees
Burkina and in
Mali are beginning less sophisticated but effective crop
monitoring with the view towards 
early identification of small 
areas in
which either deficits or surpluses may occur. 
In Burkina this information
is provided directly to 
the office of the President and is published by
arrondisement monthly. The 
information allows government 
to prepare for
shortages by early planning 
of purchases, arrangements for storage and
transport, movement of local 
surpluses etc. An important saving 
in lives
from such early warning as been claimed in Niger in 1985.
 

An allied 
area is that of monitoring and 
early warning of insect
pest. Inasmuch as 
these pests are often closely linked to moisture levels,
AGRHYMENT-supplied 
moisture information 
could be a useful adjunct to
existing pest monitoring systems.
 

c. AGRHYMET and short term weather forecasting.
 

Most controversial 

support 

is the use of AGRHYMET information to directly
farmers. The argument has been 
advanced that crop production
could be augmented if farmers could be provided directly 
with weather
forecast information together* with 
 recommendations 
 with regard
practices affected to
by rainfall. Such 
a system pre-supposes the existence
of 
(a)a dense reporting network, (b) a dense and effective extension or
 



alternative 
 communication 
 capacity, and
sophisticated (c) farmers sufficiently
to be sensitive 
 to and in need of weather related
recommendations.
 

Each of the core 
Sahelian countries presently has
which is attempting to demonstrate that 
a 'pilot' project
 

effects yield 
such information has important
on (both 
Mali and Burkina have
incremental percentages). reported impressive
In practice it is almost impossible to determine
how much if any of 
the increment is uniquely 
due to meteorologically
inspired recommendations 
or 


agronomic practices 
intensive extension support, fertilizer, good
and perhaps the selection
farmers on of better than average
above average land (see the agronomic section of this paper).
 

To be successful on 
a large scale recognition would have to
to the presence of many be give
micro-environments 

system(s). Information each with its own farm
would have 
to
time' but sufficiently precise to be of 

be 
use 

made widely available in 'real

in a micro-environnient. IF
general the information would,be either useless 

too
 
too precise, or, worse, misleading. If
it would only be useful to
Sahelian country a few farmers. It is doubtful any
could attempt such a system large
limitations. scale, given these
In most instances, recommendations
supplemented by on-the-ground would have to be
extension personnel. 
Only the exceptional
farmer could reliably interpret meteorological inFormation to be of use
his or in
her particular circumstance. Given the thin spread and questionablequality of extension this sort of activity would only be possible inwhere support had areasbeen concentrated. It isinformation would be of much 

not at all clear that such use 
other than for planting dates.
 
The view seems widely accepted that
strong built Soelian agriculture
in tendencies to has ver
resist change(). And these may be growing
stronger. Surveys suggest 
the identity of farm-level decision makers
changing from one dominated by is
able middle-aged and experienced men
in many instances women) to (and
one 


the old and 
of poorer women, the least ambitious men,
the young. Those 
more prone to innovation, it is argued, are
being tempted away by higher off- farm opportunities reducing the pool of
potential rural 
risk takers. To the extent
important in 

this is true, and it may be
areas 
not selected for 'operation'-type intensive activities,
 

5. Although the project paper is following the current wisdom of the
Niger mission 
 in this regard

developments it is worth remarking that recent
in the agricultural sector 
in Niger tell a story of quick
adaptation 
and adjustment to 
new economic 
realities since
appear to 1970. Farms
be the process of rapidly diversifying their sources of income.
Farming patterns are changing, while
sorghum and especially cowpeas groundnut sales have fallen away,
have made great gains. All of this has
happened primarily in response to market signals. Even so, the demographic
composition of 
farms, stressed by the mission, persist and may 
in time
have the effect expected.
 



the potential for sophisticated decision-making on-farm is greatly reduced
and with it a robust rate of spread of innovation of the sort assumed in
the 'pilot' projects.
 

3. Summary.
 

To the degree AGRHYMET-induced or supplied information is of 
use to
decision-makers operating at 
levels where such information can usefully
determine direction or supply criteria it is likely to produce a stream of
benefits. Where the contrary condition prevails, and the decision maker is
expected to use AGRHYMET or meteorological information as an input to a
particular decision, benefits are much less likely and will be much slower
in coming. AGRHYMET shows promise' of producing a stream of benefits when
it is able to; (a)promote inter-governmental linkages among hydrologists,
agronomists and planners who can provide policy 
and decision relevant
information, (b) establish 
 and maintdin sufficient data banks
analysis can be usefully attempted, (c)create 
that
 

and test workable models
and develop the necessary 
 soft ware, (d) establish and maintain
information-providing links 
outside the particular countries to include
the Sahel as a whole and 
 the outside world, (e) create and 
sustain
reliable communications among the national 
offices and with other centers
and (f)do all of the above on a permanent basis (which requires that long

term funding be found and sustained).
 

These conditions will be satisFied only 
gradually so that the
potential stream benefits
of may be expected to come only after 
the
 
passage of many years.
 

I1. AGRHYMET, the model:
 

The cost and benefit sides of the subsequent analysis will be
 
developed in this section for subsequent application in section IV.
 

a) Costs:
 

This project is unusual in that its costs, covered by donors and host
countries, will 
persist at a substantial level 
every year of the project.
Further, given the expected meager, and unmeasurable, levels of benefits
during the life of the project, it is likely that the project will sustain
 a negative cash flow for fifteen years 
- every year of the project! And,
it is likely that a negative cash flow will continue for at least a few
years post-project, or 
until the economic returns from incremental cereal

production begin to assert themselves.
 

The analytic effect of this unusual 
cash flow profile will be offset
to some extent by the decision whether to evaluate the project in its
entirety or as 'zero line' activity wherein the last tranche is compared
with its perceived benefits. In this latter instance the analyst 
would
compare the third phase against alternative uses 
of the money, viewing the
first two phases as sunk 
costs. Both will be attempted below. The total
value 
of the project will be approximately $90,000,000: donors having
 



given approximately $30,000,000 in each phase. Assuming the several donors
have followed 
their own priorities during
unlikely that the life of project, it is
the project

assumed the 

is seriously frontloaded. Instead it will 'be
rate of expenditure has 

annually for the whole life of project. 

been continuous; $6,000,000
or 


These outlays covered the establishment of an
gathering network based on extensive information
the existing weather 
data services 
in each
CILSS member country (rainfall stations, synoptic stations, climatoloaical
stations and agro-meteorological 

an stations together with the beginnings of
effective communication system and training for a very large number of
Sahelians 
at all levels). More 
recently AGRHYMET reiated projects have
come to include 
one crop production project, 
trail plots on farmers
fields, per country.
 

More complex is the 
problem of recurrent 
costs.
analyst is indifferent whether a cost is for capital 
At one level the
 

both are required or operations in that
to make the system go. Our concern here
AGRHYMET is whether
will indeed function at some 
 level of efficiency for an
indefinite period after EOPS.
 

b) Recurrent Costs:
 
Will the Sahelian states 
cover at 
least a portion of the total
required to costs
keep AGRHYMET in service, 
or at least enouqh to sustain a
minimum benefit flow? The problem in this section is to determine for the
purposes of the economic evaluation 
(1) factors which will
level of recurrent cost influence the
support for the project 
five years after the end
of donor support and 
(2)the impact of various levels of budgetary support
upon the operation of capacities installed under the project.
 
AGRHYMET 
has included a substantial rebuilding
Sahelian weather and upgrading of
services and services which make use
hydrological of weather and
data. The system is also dependent upon
capacity. This leaves crop monitoring
a legacy of larger staffs needy of more
operational support than local extensive
 

post-project support 
budgets may be able to manage. What'is the
record on the part 
of Sahelian countries? The
ambitious CILSS study of 1980 (Recurrent Costs of Development Programs in
the Countriesofthe Sahel, CILSS, Ouagadougou, 1980) into recurrent costs
found that 
whereas all projects sustained cuts, 
some
than others fared much better
and that a pattern


criteria had 
could be found indicating consistent
been applied across


findings further 
all of the Sahelian countries. The
indicated 
that level 
of outlay, although important was
not necessarily the factor which determined survival 
or not.
 



Heller (6) has calculated typical 
recurrent cost coefficients (r) for
projects in seven sectors using numbers from projects world-wide (.).Projects having high concentrations of skills are 
associated with highest
'r', up to 
.7 (or seventy percent of the initial 
investment annually). The
CILSS study 
 examined 29 projects in eight sectors in seven countries and
found that the post-project burden on 
these countries in terms of skilled
staff, claims on scarce resources, continuing demand for imported goods to
be substantial. The average annual project
post cost of operation for
agricultural projects found
was 
 to be 15% of the value of the initial
investment. The highest equivalent figure produced by the CILSS study is.40, - a rural development project. 

An 'r' can be calculated for AGRHYNET at two levels; regional 
and
national. 
The regional coefficient 
is the dividend of the installed cost
of new equipment, $ 970,000, which will 
be all that is operational at the
ARC by the end of phase III and 
the annual cost of operation of the
equipment, post project, $ 250,000. 
This produces an .26,
places it firmly 'r' of which
in the mid-range of the CILSS study-group. This support
ievel would permit the system to 
operate at 10O% of installed capacity,
but also reflects a level well beyond 
what it is reasonable for national
budgets to assume. 
A roughly linear relationship is believed to exist
between level 
of suDport and operable capacity; such that were 
support to
fall by 
a half, capacity would fall proportionately. Were suoport 
of ARC
to 
be divided equally amongst CILSS members each would have to contribute
$31,000 annually, not 
a large sum in absolute terms, but enormous in the
context of the Sahels fiscal 
problems. Fortunately France is committed to
support the technical staff indefinitely, but what of the equipment?
 

At the national level a somewhat 
more hopeful long term outlook can
be said to exist. The 
'r' for a typical Sahelian country is about .14.
This represents 
the dividend of $100,000 in annual support post project
divided by $700,000 in new equipment provided during phase 
III. This 'r'
level would support the system at 100% 
of installed capacity. In this
instance the relationship between installed capacity and level 
of support
is not linear but is 
a five step function reflecting the cumulative impact
upon output as 
each of five computers fails.
 

6. Heller, P., "The Underfinancing of Recurrent Development Costs",

Finance and Development, 16, #1, 1979, pg 38-42.
 

7. A measure, 'r', is used 
by financial planners to 
rank projects
with respect 
 to their likely cost in post-project time 'n'. The
coefficient is notably sensitive to 
large use of consumables and need for
high quality skills; both of which are characteristics of AGRHYMET.
 



The CILSS countries,therefore, will have to provide or find $ 131,000
annually to keep the entire AGRHYMET system functioning at
each year after EOP. It is worthwhile noting that Senegal 
100% capacity
difficult 
 to manage anything has found


allocating $ 8,000 
above salaries in recent years 

it
 
on consumables (only
meteorological department. In the 

last year) in the support 
of its
case of AGRHYMET the past may not be a
fully reliable guide to future public support.
 
The CILSS study showed
post-project support and 

a rather poor correlation 
a projects 'r'; to exist between
criteria! By order of priority CILSS concerns 

cost alone is not the operative


reflected in the quality of the basic design), 

appear to be technical (as
economic growth) and financial economic (contribution to
(8). Given the essential poverty of these
countries this seems surprising, but is explained in terms of fungibility,
which is to say money even when very scarce
some criteria. is still allocated subject to
These criteria 
appear to 
include complexity, implementation problems during 

perceived technical
 
content, importance to the the life of project,
growth import
process, relationship
national objective(s) to proclaimed
and identity
AGRHYMET of beneficiary.
stand with Briefly, how
respect does
to beneficiaries?
implementation government budgetary planners are 


With respect 
 to
national 
dimensions of AGRHYMET, likely the local 
likely to focus upon the
and its ability meteorological
co produce data. There service
 

computer related have been persistent
implementation problems. Major systems (such 
and often
Bamako) may often be down. The very high import content 

as that in
skills 
and parts) (both in terms of
is a serious 
source
that left of concern. There has been
to tbeir own devices only the concern

able to carry on exceptional government would be
even

growing a fraction of the work.Set against all
attention given meteorological this is the
data by
recognition of the advantages which early warning (taken alone) can bring,
 

the national 
leaders, the

the 
 provision of military communications to 
supplement civil.
is ample precedent for staff retention. All And there
at 
the end of AGRHYMET but 

of this argues not for a
a gradual decline to bump
supported some level
in the 
lcng term topped which can be
up now and again with some 
external
financing.
 

Given this 
the analysis will 
assume
are made available to that sufficient recurrent costs
to at 
sustain (15%) of installed capacity which is enough
least keep agronomic research supplied with weather related data.
 

c) Benefits:
 
Two benefit 


not. The 
streams derive from this project,
unmeasurable one measurable and
or intangible one
important. There is 

stream is unlikely to
no reason be the more

important to sectors 

to assume that weather information would be
in the Sahel different from the cases cited above.
 

8. Unspoken in the report 
is the always important role of politics,
surely a vital and continuing arbiter among choices.
 



And it has 
been remarked 
that none of these sectors are at present
important in the Sahel 
except for agriculture and air transport. Inasmuch
as the latters' needs are provided 
outside of AGRHYMET, the project
principal benefits 
 are likely to found the
be for most part in
agriculture.
 

Additionally, certain 
intangible AGRHYMET 
benefits are likely to
affect individual 
 cases, including life,
convenience etc and these may 
safety, health, comfort,
 

not just 
be shared among the population as a whole
rural people. These must be discounted 
from the analysis as
virtually nothing is known of them.
 

AGRHYMET's most important benefits likely
seem to be those which
affect, directly or indirectly, crop production for 
reasons noted above.
If farm decision-makers are as conservative as many believe, then the rate
at which AGRHYMET-influence agronomic inputs and
internalized into agriculture is likely 
practices are
 

to be slow. The pattern may well
conform to a conventional Cobb-Douglas function. 
This function, with
respect to its relevant range, is divided into 
three phases. During the
first, the dependent 
event (in this adoption reflected in incremental
levels of production with the project) 
occurs at an increasing rate from
effectively zero. 
The value of benefits during this 
early period can be
very small if the adoption rate begins and remains at low levels. 
If the
associated discount 
rate is low, and 10%
Bank practice, itself an 
is assumed to conform to World
estimate of the opportunity cost of capital, the
pay- off will 
both low and remote from EOPS. What is a realistic adoption


rate?
 

The adoption rate of an agricultural innovation depends upon 
 (a)how
much it costs farmers to 
buy into the system, (b)the extra risk involved
in its 
use, (c)whether additional complementary inputs are required to
use it, (d) whether training is required to use it  in the sense of
formal structured training which may 
or may not be forthcoming and
dependence upon external input supply. In this 
(e)


last regard if the new
input is seed, which 
is likely in the case 
of AGRHYMET, production and
distribution 
of new and refresher seed 
will be necessary (9). Seed
production has had 
a spotty history in the Sahel 
and may prove to be a
continuing constraint.
 

AGRHYMET promoted farm techniques are likely 
to be practices in
particular timing, crop programs,. and indirectly the potential for
multiple or relay cropping as 
shorter duration 
seeds become available.
Some extension apart, none of these require much out-of-pocket investment,
should be risk reducing and seeds apart 
are not dependent upon supply
systems. They are 
likely 
to change the pattern of demand 
for labor and
 

9. The most likely crop to 
be affected is open pollinated millet,
whose seed would have to be externally supplied to protect the hybrid element.
 



could raise 
the overall level 
of labor demand as an
harvest may be required as well as extra planting and
extra weeding. On the other hand fewer
initial seedings may be required for any individual crop.
 

observation among farmers. 

Spread of technology is promoted by extension, public information and
The widely dispersed African populations may
 inhibit rapid intra-farmer spread (as compared with the dense distribution
which helped so 
much in India during the green revolution). Furthermore,
it is argued that African farms are becoming more conservative as would-be
innovators leave agriculture, the younger men
young 
and less motivated to manage 

and women, leaving the old,
the farms. Extension is 
not notably
strong and public radio almost non-existent inmany places. What the above
argues 
is that 
the rate of spread of even 
low cost low risk technologies
can be slow!
 

IV.Analysis:
 

a) 
Review of the problem:
 
The economic analysis 
outlined below,therefore,
from agriculture will assumes 
the payoff
will accrue slowly. 

be the primary benefit from AGRHYMET and that this
The AGRHYMET 
system will
level sufficiently high continue to function
that a steady steam of 
at a
 

support 
to agricultur
research and current reporting may continue. The project's net 
2 l
negative throughout the 
 of the
way for 

life project, is likely to 
cash flow,


several years post-project. continue that
eventually emerge, A positive cash flow stream
as will be will
shown
conservative assumptions, below. Ultimately, 
even with
a positive rate very
of return 
to, AGRHYMET will 
be
achieved.
 

The AGRHYMT system 
will produce risk 
analysis
such that likelihoods of various events can be included in planning with a
 

of weather patterns

high degree of confidence. This sort of information, in the hands of plant
breeders, for example, provide a target; what duration is most desirable,
what moisture stress must 
be built 
in, what harvest characteristics
vital? Second, and somewhat more controversial, are
program, 
cultivation 
recommendations for a given plant or crop
may be develcped 
based upon most
likely rainfall data. This last may reduce the number of plantings, saving
and labor. 
It can 
seed 

help overall management 
of water 
or moisture
resources and generally act to reduce the risk in dry-land agriculture.

It is impossible 
to speak excathedra
convert meteorological as to to
how long it takes
information into agronomic material ready to extend
to farmers but 
a five year lag does not
of supporting research seem exceptional given the state
in the zone.
of agronomic An optimist could model
benefits to begin the stream
in EOPS plus one,
farmers, Sahel-wide. By EOPS plus five, assuming the technology to conform
 

for 
a few hundred
to the guidelines 
outlined above,
promote the ideas, and assuming extension
and assuming that was able to
in areas 
 where farming
concentrated the idea spread autonomously, then itmight not be outrageous
to see from 
was
 

1000 - 2000 farmers using a technology which added 
cereal
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increment of say one ton per farm unit. Given a border price of $300, and
2000 tons, and a
discount rate of .12%, the increment would have a present
value of $385,000, which is not 
a great deal. The importance of the rate
of spread of the technology now become apparent. A low figure for EOPS
plus five 
is likely [8r any realistic model, 
but what of EOPS plus ten,
fifteen years hence?( ) 

To the extent the Sahel remains arable, AGRHYMET supported agronomic

programs may go 
a long ways towards reducing are areas vulnerability to

drought. And, the subsequent analysis, will depend to a 
significant degree
upon the cereal production effect of above
the research the decades
following the official 
end of the AGRHYMET project.
 

V. Economic Analysis:
 

The economic analysis attempts to determine, through a reference case
and sensitivity analysis, the likelihood that investments 
in the Agrhymet
Program will yield a 
positive return for the economies of the Sahel.
 

The underlying assumptions of the economic 
 analysis must be
consistent with realistic expectations on 
both the level and timeframe of
impacts. This has not always been 
the case for previous economic
justifications of the program, 
leading either to overestimation of the
benefits, or equally seriously, to estimated benefits 
which are not
credible when judged by objective observers.
 

a) The Timeframe of production benefits:
 

In conformity with the argument put forth 
in the main body of the
Project Paper, it is assumed that benefits to rural production systems
will occur indirectly, through existing research and 
 extension
communities, and 
 over long periods rather 
than in the short run.
Furthermore, it can reasonably be supposed that benefits will, 
in early
years, be extremely small, will increase very for
slowly a number of
years, and will continue to be negligeable -- relative to total 
production
-- for over a generation. Thereafter, as 
a consequence of improvements in
infrastructure and communications 
and advances in scientific research,
benefits car 
be expected to grow somewhat faster, with noticeable overall
results realized somewhere between years 30 and 50 from today.
 

10. Long-term world trends 
in all cereal prices have varicd. Some

have been historically downward since 1900. 
 The rice price of Thai whole
CIF Dakar in the early 1980's was 
as high as $600 MT. A long-term decline
toward $300 is not unreasonable,"therefore, allows the economy to 
save a
ton of imported-cereal. (usually rice).
 



-- 

Therefore, while the investments are heavily front-loaded .- at least
with input to the analysis period rather than the LOP 
 (some $60 million
to date and another $30 million over the coming five years), the benefits
are 
almost entirely in the out years.
present value of benefits 
In economic terms, the discounted
 

nominal future values. That 
far 
is, 

in 
a 
the future is very low relative to the
much less than 
dollar promised in fifty years isworth
a dollar promised today.
which must be passed: This, then is the economic test
can we reasonably expect that benefits realized far
in the future will 
be sufficient to offset investments made today?


The "diffusion-of-innovation 
curve" used
shaped" curve embodying a very low initial 
is a characteristic 
"Sa higher rate of impact, increasing slowly, and
increase


longer run level 
in the middle years, tapering off to 
a stable
in later years, as shown in Figure 1. The point at which
the rate of increase begins 
to taper off (including at
is known as the "saddle point", a declining rate)


axis as identified in Figure 1. The vertical
(Y-Axis) measures 
the percentage of farmers
while the horizontal in the Sahel affected,
axis (X-Axis) is time (0-50 years).
 
The reference case uses 
a diffusion curve a saddle point
as 
shown in Figure 
2. This curve asvljmes at year 35,
tenth 
 of one percent, of 

that by 1991, less than onefarmers
improvements will be affected
which derive by agricultural
from Agrhymet produced
percentage of farmers affected thereafter will 
data, and that the
be as follows (Table 1).
 

Table 1
 
Reference Case:
Rate of Diffusion of Innovation in the Sahel
 

Year 
 Percent of Farmers
 

1991 

0.098%
1996 

0.28%
2001 

0.64%
2006 

1.31%
2011 

2.58%
2016 

4.99%
2021 

9.56%
2026 


14.76%
2031 

17.51%
2036 

18.95%
 



The 	practical implicat-ions of the assumptions underlying Table I is
that 	it will be
not until 
the 	first decade of the Twenty-First Centrury
that 	one 
percent of Sahelian farmers even
will indirectly benefit from
production induced as a consequence of the Agrhymet Program.
 

Two other diffusion curves 
are 	tested as 
well: one with a saddle
point at year 30, and the other with a saddle point at year 40. 
 The 	three
curves (including the Reference Case) are compared in Figure 3.
 

b) 	Underlying Assumptions:
 

The current (1986) population of the Sahel is put at 35 million.
population is estimated to 	 The
be 85% rural, with 75% of rural dwellers being
sedentary farmers. 
 Average rural household size 
 is 	9, yielding
approximately 
2.5 	million farm households. Estimated holdings under
cultivation are 
5 hectares per household, 25% of which are 
taken to be
under 
cash crops, the remainder being used for subsistence agriculture.
Irrigated hectares are assumed to be extremely low (2%of total 
holdings).
On average, subsistence yields 
are put at 600 kilograms per hectare, cash
crop 	yields at 1000 kg/Ha and irrigated yields at 1600 kg/Ha. 
 Because the
Sahel is now in food deficit, and because deficits 
are expected to grow,
the 	opportunity cost for food production 
is measured by the cost of food
imports. 
 At the margin, imported grain is valued at CFA
150 francs
($450/MT) per. kilogram. Cash crops, while typically higher
value, 	 in market
are 
given a lower economic value (100 CFA/kg) because they do not
necessarily require ($300/MT) imports to fill 
a shortfall relative 

anticipated levels. 

to
 

Population growth 
 is put at 2.8% per annum, but agricultural
production increases are held to 1% per 
annum, which corresponds to
average performance over 
the last two decades. 
 In part, this reflects
outmigration from rural areas to urban 
centers, and 
in part it reflects
the per capita deterioration of agricultural production. 
 A higher rate of
growth than the 1% rate 
used here would increase the projected benefits
from Agrhymet, but the lower rate is used to be conservative.
 

The 	Reference Case analysis takes 
into 	consideration all previous
costs 
incurred for the program, starting in 1975.
base 	year, with past 1987 is taken as the
investments valued upwards 
to convert them to 
1987
dollars, and future investments and benefits discounted to present values.
Investments in the program are estimated at $60 million for the first ten
years, $30 million from 1986-1991, and $2 million per year (real) 
for each
year 	from 1992-2037. 
 This latter figure represents the assumed recurrent
cost of the program, whether from donor or national government sources.
 

The technical annex on agricultural production suggests that,
thle 	 long over
run, 	sizable percentage increases 
in yield could accrue from
better management of climatological phenomena. 
 In bad years, the percent
increase relative to 	 ' 
a "no action! case should be even higher than ingood
years. 
 The current pilot projects suggests that 
a.series of practices to
 



better manage climate can increase yields by over 50% (even after removing
the 	effects 
of better 	agronomic and
projects). 	 extension management
We assume 	here in the pilot
that 	the maximum yield 
increase obtained by
benefitting 

farmers who do benefit from the program (see table above for percentage of
farmers)

producing cash crops and 

is 30%. Finally, it is assumed that farmers
irrigated crops will
data (irrigated crops more 	 also benefit from Agrhymet
from hydrological
information), and that, over time, better range management will also be a
 

than from meteorological

benefit of the program. The 
same 	diffusion rate is assumed for all rural
producers, with the proportion of overall benefits obtained from each type
of production activity being a function of its relative importance in the
rural economy, as summarized in Figure 4.
 

It should be noted that the assumed costs of the program ($60 million
+ $30 million) include all costs, including setup costs, past mistakes and
the 	costs which presumably can be attributed to the early warning effort.
 
c) 	The results:
 

The discount 
rate 	used for 
the 	analysis
both the net present value (NPV -	
is 10%. For convenience,


rate of return (IRR) 	
at a 10% discount rate) and the internal
are presented. 
 A positive NPV or an
implies that the program is economically viable on 

IRR above 10%
 
the basis of production
impacts alone.
 

Referenrzan.~The reference case gives
of $60.5 million. an IRRof11.5%, or an
If this case proved correct, tTe 	 NPV
impi.caton 	is thatthe Agrhymet Program will prove economically attractive for the Sahel
when 	all sunk costs of the past 
ten years 	are included on 

even
 
and when no non-production benefits are considered! 

the cost side
 

Sensitivity 
Cases. 
 The 	results 
of the full set of
analyses are 	 sensitivity
summarized 	below:
 

Figure 4
Summary of Sensitivity Analysis Results

(NPV in millions of U.S. Dollars)
 

Sensitivity 

NPV 
 IRR
 

Case 1: Saddle point at year 30
Case 2: Saddle point at year 40 	
$155.0 13.4%
 
$ -7.2
Case 3: 	 Sunk Costs of past 10 years 

9.8%
 
excluded 


Case 4: 	 $147.5 
 18.7%
Annual recurrent cost of
$3 million 

$ 55.4
Case 5: 	 11.4%
Food production valued at
100 CFA/kg


Case 6: 	 $ 17.8 
 10.5%
Food production in Sahel grows
at 1.5%. p.a. 

$ 9;.7 
 12.1%
 



which 
Cases I and 2 show the results to be quite sensitive to the rate at
improved techniques 
reach rural producers, with
NPV if the saddle point occurs a highly positive
at year 30, and
it occurs at year 40. a slightly negative NPV if
Case 3 presents the economic analysis in a slightly
different perspective. 
 In effect, it assumes that all
are sunk costs investments to date
 

and 
and that the decision faced by both Sahelian governments
donors today is whether further investments
benefits in Agrhymet will
which justify the investments yield
yet to
course, a rational economic point 

be made. This is, of
of view, since even the decision to
suspect the program will do nothing to eliminate past costs,
any appreciable salvage value nor is their
to existing program
further investments assets. In Case 3,
are seen to
4 tests be highly profitable for the Sahel.
the impact of Case
a lower assumed price of food
per kilogram). (100 CFA vs 150 CFA
 
positive, 

Returns fall sharply in this scenario, but the NPV remains
with an IRR 
just over
agricultural 10%. Finally, Case 6 assumes
production that
in the
over Sahel grows slightly
the past twenty years faster than it has
(at 1.5% per year vs 
1% as assumed in the
reference case), thereby increasing the base to which production benefits
are applied. 
 This case yields a sharply increase NPV of $91.7 million and
an IRR of 12.1%.
 

d) Conclusions:
 

The findings that the Agrhymet program is economically viable appears
to be robust under a 
broad range of downside assumptions, based solely on
the production benefits. 
 Only if technology diffusion occurs more slowly
than the conservative 
reference 
case is there an
viability. apparent risk of non-
To test the importance of this potential risk, a further case
was run (Case 7), which is
a combination of Cases 2 and 3. That is,for
an 
investment made today (without consideration of sunk costs) would the
program be profitable if diffusion occurred at the slower rate assumed in
Case 2. 
Case 7 yields a highly positive NPV of $79.7 million and an
of 15.4%. Finally, using IRR
 
positive even if only 

Case 3 as the base case, the NPV remains
a less 
than 2.5% penetration 
rate
year 40 (2026) --corresponding to a saddle point at year 50.
is achieved by
 

Because the above results are exclusive of the impact of any benefits
from the early warning component,

economically viable for all 

the overall program can be judged
cases run, including Case 2. In this respect,
it should be noted that, unlike the production gains, the benefits of the
early warning component occur 
evenly throughout the period
rather than being concentrated of analysis,

relatively in the out years. Therefore, even
low valuation a
 
benefit will weigh heavily in the 
present value of
streams, and therefore in the Net Present Value of the program.
Even Case 2 (the worst case) implies that if the
saved by all Agrhymet efforts food, money, and lives
to
next improve food security planning over the
fifty years are assigned a total 
(not annual) present value of $7.2
million, the program will break even.
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