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JUL 25 
NCTION MEMORANDUM FOR THE ASSISTANT ADMINISTRATOR FOR AFRICA
 

FROM 	 AFR/TR, Keith Sherpe-


SUBJECT : 	 Amendment to the Africa Emergency
 
Locust/Grasshopper (AELGA) Project (698-0517)
 

Problem: Your approval is requested to: 1) increase the LOP
 
funding of the AELGA from $19.02 million to $26.57 million; 2)
 
increase the Locust/Grasshopper Component of the AELGA from
 
$15.0 million 	to $22.0 million; 3) increase the Other Emergency
 
Assistance Component of the AELGA from $4.02 million to $4.57
 
million by adding $550,000 for rodent control activities; 4)
 
fund $1 million of the revised LOP funding from the Economic
 
Support Fund; 	and 5) extend the Project Assistance Completion
 
Date (PACD) by three months to December 31, 1990.
 

Background: The AELGA project was authorized April 3, 1987
 
with a LOP funding of $15 million. Since this initial
 
authorization, two amendments were approved increasing the LOP
 
funding to'$19.02 million. The project provides emergency
 
assistance to 	alleviate the threat posed by uncontrolled
 
locusts and grasshoppers in Africa. Activities include
 
technical assistance, short-term training, commodities,
 
research and institutional support. Participation in
 
multilateral locust/grasshopper control campaigns is supported
 
as well as the preparation of country pest management plans and
 
interventions.
 

The project also includes a separate component, Other Emergency
 
Assistance, to provide a response mechanism for other types of
 
emergency situations that may arise in the region. Through
 
this component, we have supported the Famine Early Warning
 
System activities until a new project is designed and
 
authorized.
 

Despite donor efforts, including those funded with this
 
project, the locust/grasshopper infestation persists. Algeria,
 
Morocco and Tunisia have declared disasters because of desert
 
locust infestations. Over two million hectares are now
 
infested. Northern Africa is experiencing its worst locust
 
infestation since 1957. Entomologists agree that when the wind
 
shifts and the rains begin in the Sahel, a large proportion of
 
these locust. will move south, back across the Sahara, to what
 
will then be the greener areas. Locusts have already been
 
sited in Mauritania, Senegal, Cape Verde, Niger, Chad and
 
Mali.
 

http:to'$19.02
http:IITZRNATIOM.AL
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Crop loss is not only due to locusts and grasshoppers; several
 
West African countries experienced such a serious upsurge in
 
rodent irruptions, disasters were declared in 1987. Because of
 
limited reliable data on rodent irruptions, Missions' responses
 
to affected countries were constrained. A second proposed
 
change of the Locust/Grasshopper Project is aimed at providing
 
Sahelian governments with sound technical advice on how to
 
control rodent outbreaks similar to that of 1986/87. The end
 
result of the activity is the collection of objective
 
information for conducting effective, economic and
 
environmentally sound rodent control management in West
 
Africa. To help achieve this objective, the Denver Wildlife
 
Research Center (DWRC) submitted an unsolicited proposal for a
 
two year rodent control applied research activity in West
 
Africa.
 

Discussion: In April of 1988 you approved the pledging of $3.5
 
million a the FAO donor coordination conference in Rome to
 
help control desert locusts. However, using a PRIFAS (a French
 
research organization) bio-model, AFR/TR estimates that global
 
funding needs for the upcoming locust control operations range
 
from $70 to $210 million. The suggested USG contribution to
 
these efforts is $12 to $40 million. Although an exact split
 
or source of funds has not been determined, the AELGA project
 
will be a major vehicle (along with OFDA) through which the
 
U.S. response is channelled. Funds available within the
 
current authorization for AELGA are not adequate to meet the
 
possible needs. The proposed increase to the Locust component
 
of this project will be used to provide technical assistance,
 
supplement FAO activities, strengthen/create national locusts
 
units and to procure pesticides. These activities fit within
 
the project scope to provide emergency assistance to alleviate
 
the threat posed by uncontrolled locusts and grasshoppers in
 
Africa.
 

The FAO convened the 29th Session of the Desert Locust Control
 
Committee in Rome in mid June 1988 to discuss this issue and
 
continue to coordinate control efforts. Representatives from
 
the United States included a representative from the U.S.
 
Department of Agriculture, A.I.D.'s Office of Foreign Disaster
 
Assistance and A.I.D.'s Bureau for Africa. Although the Office
 
of Foreign Disaster Assistance has been assigned the
 
responsibility for coordinating A.I.D. locust responses during
 
the current plague, the Africa Bureau remains responsible for
 
the medium and long term efforts to control desert locusts and
 
to provide whatever short term assistance possible. Thus, it
 
is crucial to move forward with the implementation of these
 
activities as quickly as possible.
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In addition to the locust add-on, a three month extension of
 
the PACD and funding amounting to $550,000 are requested to
 
continue activities for rodent research. Constraints to
 
controlling the rodent irruptions included lack of Sahel crop
 
protection service (CPS) staff trained in vertebrate pest
 
management and delays associated with the choice and
 
procurement of toxic chemicals. The DWRC unsolicited proposal
 
which was submitted February 17, 1988 is for a two-year
 
research activity on rodent pest control methods concentrating
 
on problems related to reducing damage to agricultural
 
production, primarily grain crops. The final output of the
 
activity would be the collection of objective data for
 
conducting effective, economical and environmentally sound
 
rodent control management by USAID, host country Ministries of
 
Agriculture, crop protection services and farmers. The thrust
 
of the activity is directed at practical, appropriate
 
field-applied research and technology. Components of the
 
project include research, operational control and extension
 
training.
 

The proposed program is consistent with the objectives of
 
AELGA. Financial losses in developing countries to agriculture
 
production caused by rodents are believed to be at least $500
 
million annually. Such losses can create catastrophic food and
 
income problems. After reviewing the DWRC proposal, missions
 
generally commented that the proposal is relevant to country
 
needs and merits consideration for Bureau support, but none
 
were able to provide funding to support the activity.
 

The U.S. response to the desert locust emergency remains
 
complicated by environmental issues associated wiLh the use of
 
pesticides in the control programs. The Programmatic
 
Environmental Assessment for the Locust Grasshopper project has
 
been drafted as directed in the original Project Paper. This
 
assessment describes the environmental impact of current
 
project locust grasshopper control programs, with specific
 
reference to pesticide use; it evaluates posoible alternative
 
control measures and mitigative actions to reduce adverse
 
ecological effects of these measures; and it provides A.I.D.
 
with comprehensive programmatic recommendations which are to
 
ensure that environmental concerns are fully addressed in
 
future locust grasshopper control programs. The draft
 
Executive Summary and Recomm.endations of the Programmatic
 
Environmental Assessment are attached to the Project Paper
 
Supplement as Annex A.
 

A Congressional Notification was forwarded on June 16, 1988.
 
Obligations can be incurred since the 15 day waiting period
 
ended July 1, 1988 without objection.
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Recommendation: It is recommended that you sign the attached
 
Project Authorization Amendment No. 3 to increase the LOP
 
funding from $19.02 million to $26.57 million; extend the
 
Project Assistance Completion Date to December 31, 1990;
 
authorize the use of $1 million from the Economic Support Fund;
 
and add the rodent control activity.
 

Attachments: 	 Project Authorization Amendment No. 3
 
Project Paper Amendment
 

Clearances:
 

AFR/DP:JGova 	 Date
AFR/PD:CPeas 	 yPea Date '7/si/
 

AFR/PD:BBurnett Date7 
AFR/TR:BKline a t Date 771/8 
AFR/TR:AWahab draft Date 7/12/88 
AFR/TR:BBoyd draft Date-7/18/8 
AFR/SWA:PDichter draft Date 7714/88 
AFR/EA:DLundberg phone Date 7/12/88 
GC/AFR:AAdams I., Date i •
 
SER/OP/OS:CRaley draft -Date7/15/88
 
OFDA:JTaft draft Date-7-/I-47
 

*# 

AFR/PD/SWAP c ay:6/17/88:4939M
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AGENCY FOR INTERNATIONAL DEVELOPMENT
 
WASHINGTON DC 2053
 

PROJECT AUTHORIZATION
 

(Amendment No. 3)
 

Country: 	 Africa Regional
 

Project Name: 	 Africa Emergency Locust/Grasshopper Assistance
 

Project Number: 	 698-0517
 
625-0517 (Section 121 funds)
 

1. Pursuant to Sections 103 and 121 of the Foreign Assistance Act
 
of 1961, as amended, the Economic Support Fund, and the provisions
 
of the appropriations heading "Sub-Saharan Africa, Development

Assistance" contained in the Foreign Operations, Export Financing
 
and Related Programs Appropriations Act, 1988 ("Development Fund
 
for Africa"), the Africa Emergency Locust/Grasshopper Assistance
 
project was authorized for the Africa Region on April 13, 1987,
 
and amended on June 11, 1987, and November 19, 1987 (as so
 
amended, the "Authorization"). The Authorization is hereby
 
further amended as follows:
 

a. Section 1 of the Authorization is deleted in its entirety
 
ana the following is substituted in lieu thereof:
 

"1. Pursuant to Sections 103, 121, and 532 of
 
the Foreign Assistance Act of 1961, as amended
 
and the provisions of the appropriations
 
heading "Sub-Saharan Africa, Development
 
Assistance ("Development Fund for Africa"), I
 
hereby authorize the Africa Emergency
 
Locust/Grasshopper Assistance project for the
 
Africa Region, involving planned obligations of
 
not to exceed Twenty-Six Million Five Hundred
 
Seventy Thousand United States Dollars
 
($26,570,000) in grant funds ("Grant") over a
 
five (5) year period from the 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
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the project. The planned life of the project
 
is forty-five months from the date of initial
 
obligation."
 

2. The Authorization cited above remains in force and effect
 
except as hereby amended.
 

Edward L. Saiers, Acting
 
Assistant Administrator
 
Bureau for Africa
 

Date: 2 (-if 

Clearances: 
AFR/DP :JGov Date 
AFR/PD :BBurn Date 
AFR/PD:JGrah m -_Date 
AFR/TR:BKline -Date I 
OFDA:JTaft Date-& 

GC/AFR/DAAdagw 2641H/7-2L-88
 



I. Project Rationale arid Description 

A. Background and Setting
 

Desert locusts have invaded North Africa irn plague proportions

spreading from the West.ern Sahara across 
southern Morocco and
 
Algeria into Tunisia abid Libya. 
 The size of the infestations
 
are the worst seen since 1957, thrs prompting emergency relief
 
operations in Morocco, Algeria arid 
Tunisia. Despite the
 
efforts of host countries, A.I.D. and the donor community, it
 
appears this locust infestation will threaten Sahelian
 
agriculture production during June-September and could easily

return to North Africa arid beyond later in the calendar year. 

While this is a perennial problem in the Sahel, unusually

favor-able weather arid a shortage of pesticides in breeding 
areas in Mauritania and the Western Sahara during later 1987
arid early 1988 allowed a massive build up of desert locusts 
to
 
occur. 
 National crop protection services, with small annual
budgets, simaply cannot control expanding locust populations in 
the large inaccessible land 
areas of the northern Sahel.
 

The Office of 
Foreign Disaster. Assistance (OFDA) entomologist,

George Cavin, reports that: 1) the immediate threat in North
 
Africa has ended; 2) control efforts in North Africa 
are
 
relatively effective uwdith 
most swarms broken up and scattered;

arid 
3) with the seasonal wind shifts beginning, remaining

locusts are moving back across 
the Sahara to the Sahelian

countr'ies -- corcertrating alorg the Inter-Tropical Convergence
Zone where summer rair.s occur. Locusts have already been 
spotted in Cape Ver'de, Mauritania, Senegal, Niger, Mali arid 

success vastChad. Breeding in this area will. be determined by

climatic arid 
iois'ture conditions.
 

In addition to locusts and grasshoppers, the rat outbreak in
the Sahel has gained the attenat-'on of government officials arid 
donor agencies although African rodent problems have been
 
periodically severe for' decades. 
 However-, planning emergency 
rat control operations has 
required much guesswork because

little information is available on agricultur'al losses arid 
rodent control techniques.
 

Adequate lead time to prepare for major outbreaks arid seasonal 
chronic damage situations is essential in Africa. 
Monitoring

pest rodent populations arid forecasting field damage problems 
can be the basis for effectively responding to rodent

outbreaks. Without effective rodent control management, other 
costly inputs to agricultural production may be wasted when
 
these pests are allowed to destroy crops.
 

Denver Wildlife Research Center 
(DWRC) consultancies to the
 
Sahel during the 
1987 emergency clearly identified the need for 
midterm and long-term research leading to cost-effective and
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environnentally safe rodent control methods. 
 Traditional

control methods cannot be effective in outbreak situations. 
Other rodenticides as well as 
physical and ecological damage

control methods are also largely untested to prevent rodent 
damage to African field crops. 

B. Summary Project Description 

The project goal remains that of contributing to the improved
nutritional status arid well being of Africans by reducing the 
threat of locust and grasshopper plague-induced famine and is

associated economic arid social suffering. The project purpose
remains 1) treat the 
recovery and rehabilitation aspects of

problems generated by pest problems arid help to bring these 
pest problems back under control; 2) help to establish improued

marageriment arid control mechanisms to keep this problem under 
control in the future; and 3) mobilize resources to respond
quickly to other types of emergency situations that may arise 
in Africa. 

The only part of this project arimerdment which deviates froom the
original project strategy and impleinentation plan is the
inclusion of the Rodent activity. It took USAID, FAO, host 
governments and others a relatively long time to recognize the
seriousness of the 1987 rat irruption arid to implement control 
programn. There was no reliable baseline data 
on species

identification, population dynamics, crop loss potential,
alternate control techniques, use of bait stations, etc. The

lack of Crop Protection Staff trained in vertebrate pest 
management delayed choosing and procuring 
toxic rodenticides to
 
control the r'oderit irruption. 

Although short-term technical assistance was 
provided by four
DWRC scientists to evaluate rodent contrcl methods arid provide
technical assistance in five Sahelian countries, more data is

needed from applied research for the cropping season of 1988. 
CPS staff need additional training if they are to be ready for
 
potential rodent outbreaks arid control. 

AFR/TR has received an unsolicited proposal from the DWRC for a
 
two-year rodent control applied research activity in West 
Africa. 
 DWRC proposes to develop safe, effective and

ecormomical rodent pest control methods.corcentrating on 
problems related to reducing damage to 
agriculture production

primarily grain crops, The end result of the activity is the 
collection of objective information for conducting effective,

economical arid ervironmertally sound rodent control manageriment
by A.I.D. missions and the country-based Ministry of

Agriculture, Crop Protection Service arid traditional farmers. 
The thrust of the activity is on practical, appropriate,

field-applied research arid technology. Technical assistance 
would have components for research, operational control and
 
extension training. 
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II. Revised Project Description
 

A. Status of Ongoirg Locust/Grasshopper Activities
 

1. Definition of Emergency
 

Despite donor efforts, including those funded with th.is 
project, the locust/grasshopper infestation persists. 
 Algeria,

Morocco arid Tunisia have declared disasters because of desert 
locust infestations. Over two 
million hectares are now

infested so that Northern Africa is experiencing its worst 
locust infestation since 1957. Entomologists agree that when

the rains begin in the Sahel, a large proportion of the North 
African locusts will move south to what will then be greener

areas, Locusts have already been sited in Cape Verde,
Mauritania, Senegal, Niger, Mali and Chad. 

2. Strategy for Response 

Traditional crop protection measures 
have little effect against

desert locusts. Only timely irnterverntion using the most 
advanced surveillance and control techniques have had 
some
 
success in protecting croplands during outbreaks.
 

Through the Office of Foreign Disaster Assistance (OFDA) alone,

the U.S. Governrment has committed $18.7 million to emergency
locust and grasshopper control efforts 1986, 1988.
in 1987 and

Although the 1986/87 campaigns focused on grasshopper control 
efforts, A.I.D. has provided vital inputs 
for locust campaigns

including technical assistance, pesticides, aerial and ground
application equipment and satellite surveillance. These inputs

were selected either to fill critical gaps in country
protection programs or supply more environmentally acceptable

materials. The African Emer'gercy Locust/Grasshopper Assistance 
project was authorized in March 
1987 to focus on long-term
 
responses to the locust/grasshopper emergericy sub-Sahara
 
Africa. It has also provided complementary assistance to the
 
emergency control activities funded through OFDA. 

The FAO's most recent estimate of funding requirements for

African desert locust control efforts through the 1988summer 
range from $45 to $150 million. Actual funding requir.emnents
will be deter'mined by factors which neither host governrments 
nor donors can control such as rainfall and wind patterns.
 

Additional U.S. responses to the current locust emergency
crisis will be funded based on our continuing assessment of 
needs. The AELGA project will be a primary vehicle (along with 
OFDA) through which the U.S. response is channeled to
 
sub-Sahara Africa, 
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Funds amounting to $10,638,000 are already programmed for the
AELGA project in FY 1988 (see Annex F). Because an effective
 
response requires rapid decisions and contracting, this
amerdrent is higher known atthan commitrents this time. 
However, it is reasonable to anticipate that the need for
pesticides, technical assistance arid institutional support will
exceed already programmed funding levels.
 

3. Revised Financial Plan for Locust/Grasshopper
Component (A more detailed explanation is 
provided in section III.) 

LOPCost Elements Costs 

Technical Assistance $ 2,000,000 
Equipment (including spray plane rental 
 3,000,000

Cormmodities 8,000,000 
Research 
 4,000,000
Institutional Support 
 4,000,000

Training/Networking 
 1,000,000
 

TOTAL LOP LOCUST/GRASSHOPPER COMPONENT 
$22,000,000
 

4. Revised Implementation Plan
 

The irmplermentation plan for- this activity remainms basically
that outlined in the original project paper. 
 To date, pest

ranagerment arid control staff have been trained in Mali, Niger
and Senegal; pesticide testing 
has begun in Mali and Sudan;
institutional support providedwas to the FAO; the program
environmental assessment has begun; 
USGS Greenness Maps have
been provided on a trial basis; a Lessons Learned workshop tookplace in Harpers Ferry; 
and technical assistance was recruited.
 

It is anticipated that these activities will continue. Inaddition, a pesticide bank is being established and additional
pesticides tested, including the 
use of neem extract as well as 
testing pesticides against Nosemna Locustae. It is alsoanticipated that least portion theat a of pesticide testing
activities will be implemented by the Mali Crop Protection
Service rather than a U.S. contractor, A final umodification to
the original implementation plan is that the level of
institutional support to the UN Food arid Agriiculture
Organization will increase specifically for the 
1988 regional
Sahelian Desert Locust control carmpaign. This support is for a
regional coordinating unit to monitor movement of desert locust
 
swarms in the region arid to aerialdirect spraying as well as 
providing survey assistance,
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B. 	 Proposed New Activity -
Rodent Control
 

1. 	 Definition of Emergency. 

Although precise estimates are difficult to derive, rodent pestcrop losses in developing countries unquestionably total at 
least $500 million annually. Damage caused by rodent pests

occurs in both the pre- and/or postharvest stages of nearly all 
crops. In addition to 
crop 	losses, rodent contaminakion can

result in debilitating arid fatal human diseases. The handling,
use and consumption of rodent-contaminated food may reuslt in

botulism or' even bubonic plague. 

2. 	 Strategy for Response.
 

This 	 two year' activity with DWRC will fund a resident Wildlife 
Biologist in 
a West African country (for example, Chad) andcould serve at least three countries. The proposed project
objectives will be to conduct research and to work with
appropriate counterparts arid collaborators to provide effective 
crop protection support. 

3. 	 Relationship to Country CDSS' arid Bureau
 
Development Priorities.
 

This 	proposed change to the Locust/Grasshopper project fits theBureau's goal of helping Africans achieve food security by

increasing local agricultural production while prormoting proper
inanagemient of natural resources. andMission regional projects
have supported integrated pest maragement programs arid national 
crop 	protection services. 
 Finally, rodent control activities 
fit with the Africa Bureau February 1987 Locust/Grasshopper 
Strategy Paper. 

4, 	 Technical Considerations arid Alternative 
Responses.
 

Any proposed prograrm must be geared toward the needs of small
subsistence farmers rather than large commercial producers.

Cormplicated techniques developed under laboratory conditions 
that 	cannot easily be grasped by faruiers are doomed to

failure. Therefor-,, new ideas arid t -chniques must be presented
to the beneficiary farmers so 
that 	the potential advantages are

obvious. Particular care is needed when using poisons given
the farmers' inexperience and lack of knowledge about toxic
chemicals, Many far'mer's cannot read 	 or' follow label 
instructions and have no understanding of the slow, long-term
health damage poisons can induce. Farmer education, low costs,
and successful demonstrations should be elements of any
vertebr'ate pest 	 program involving toxic substances. Mechanical 
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pest programs are more readily understood than chemical control 
practices. If an inexpensive and effective Intermediate
 
technology of vertebrate pest control can be developed,

sociocultural barriers 
to acceptance nay not be insurmountable.
 

Alter-natives for' meeting the objective of conducting midterm
and long-term research to define the problem, test current

control methods, arid develop new methods, if required, within 
Integrated Pest Management guidelines include:
 

a. Continuirng to provide support only on an emergency basis. This is 
the approach taken since 
the 1975-77
roderit outbreak in West Africa. Unfortunately, this approach
ignores the 
chronic rodent problem, results in the same lack of
irnformriatiorn arid limits the capability to prevent or ameliorate 
the next outbreak.
 

b. Relying on other donor agencies to 
support a rodent control project. This has 
not been effective

arid probably would riot be effective in the future. Few other 
donors have the financial means 
and/or a complete integrated

technical expertise capability (such as DNRC) available for a

research program. 
Donor agencies and others, including private
voluntary organizations, have sponsored rodent proje,'ts but 
have gathered little agriculturally useful information.
practical rmanagemert strategies for pest situations are to 

If 
bedeveloped, competent longer-term technical on-site expertise

arid technical backstopping by a research institution is needed. 

c. Using short-term consultancies to design,
organize, arid conduct research to be carried out by
counterparts. 
 This approach has resulted in a fragmented

effort which limits direct contact of host country personnel
with technical experts. Development of rodent damage control
 
programuis typically requires researchcareful through entire 
crop cycles for successful completion of field trials.
 

d. Centralizing efforts in one country butdeveloping a regional approach to 
problem solving as proposed

in this instance. This sirplifies logistics arid continuity isassured. Host country counterparts would receive more direct 
contact with expatriates. This results in other countries also 
receiving iminediate, direct benefit. 
Geographic variations in

the behavior of pest species could be identified, arid cultural
differences among farmers and farming systems in different
 
areas could be incorporated into initial recommendations. By
involving more than country, study sites
one could be selected

from a greater geographical area, arid choices as to crops arid 
seasons would increase. Concurrent replication of trials
throughout the region would result in obtaining research 
answers 
more rapidly. The experience that DWRC has had in

other over-seas vertebrate pest projects demonstrates that 
success 
depends on a resident expert.
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5. 	 Economic Implications and Alternative
 
Responses.
 

Although this two year activity will provide baseline data,
 
some 	appropriate technologies, arid initial economic benefits,
 
these benefits will only begin to 
accrue in a ineasureable
 
degree over a longer period of time.
 

The activity aims 
to develop safe, effective, and economical

vertebrate pest 
control methods that are appropriate for use by

small farmers. 
 Given sufficient time, a self-sustaining,

in-country program could be expected from these efforts. The 
thrust of this project is on practical field-applied research

arid technology transfer rather than on the more basic research 
approach.
 

To solve the rural poverty problem, farmers riust f-irst have
 
more to sell, Increased marketable products imply increased

incorme on the farm arid are likely to improve employmert in 
processing, handling, distributing and marketing systems. The 
project will attempt to achieve better equity for the rural 
poor by lessening rodent pest damage so that crop losses are

r-educed arid the farmer will realize a larger share of his 
potential product. The most cost-effective methods of
 
decreasing the loss to agricultural products by vertebrate
 
pests will be the criteria used 
to judge control, alternatives 
arid establish priorities. 

6. Financial Plan for Rodent Component 

Cost 	Elements 
 DWRC 	Costs Mission Costs
 

Long-terrm consultant $176,525 $22,000
Backstopping 43,243 	 0
 
Travel 32,940 54,250

Training 
 0 	 9,000

Equipment shipping, misc 13,000 48,300
 

Subtotal 	 265,708 133,550
 

Contingency 
 39,856 	 31,439
 

Overhead (26% of DWRC costs) 79,447 
 0
 

Subtotals 	 385,011 164,989
 

GRAND TOTAL 
 $550,000
 

7. Irmplermentation Plan 

Rodent damage problems in Africa, Asia and Latin America will

be continuously reviewed with the aim of adapting current 
techniques or materialo to specific problem situations in a
 crop protectioni-or"iented rmaragement program which will provide 
an effective means of long-ter crop 	loss reduction.
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The project incorporates a balanced but flexible program of

applied research, technology trarisfer, arid training. Research 
activities incorporate laboratory investigations at DWRC and
 
selected laboratories in developing countries with associated
 
field trials at appropriate sites in specific problem areas. A
team approach, using the services of an interdisciplinary group
of scientists and technicians with diverse backgrounds and
 
experience, coupled with active involvement of foreign
investigators, results in 
practical solutions suited to local

requireerts. In addition, it creates a favorable climiate for 
continuing cooperation with indigenous institutions. Training
of local counter'parts arid iristitutionalization of both research
functions and implementation programs are 
viewed as integral

parts of the over-all project. 

Specific tasks follow:
 

First Year 

- Organize laboratory arid office space arid facilities arid 
obtain equipment and supplies.
 

- Initiate surveys to identify pest species arid assess the
 
economic importance of damage in affected agricultural crops.
 

- Identify arid prioritize rodent pest problems in host country 
according to 
their nature, extent and importance.
 

- Begin to assess arid quaritify chronic rodent populations arid 
crop losses for comparison with periodic rodent irruptions. 

- Conduct basic studies to test efficacy, cost-effectiveness
 
and cultural acceptability of various known rodent control
 
techniques against damage 
to flood recession agriculture arid
 
vegetable crops.
 

Second Year 

- Continue to accumulate data from population mionitoring arid
damage assessments in host country and begin to expand similar

appropriate work into different crop/roderit pest situations. 
- Develop, adapt or improve rodent damage control systems, 
including evaluation of toxicants, baits arid baiting techniques. 

- Present seminars as appropriate. 

- Conduct one two-week training workshop. 

- Conduct project review to determine benefits derived from the
project, arid decide in what context arid how to best continue 
rodent research activities.
 

- Begin to develop materials for a much needed rodent biology
and management manual for the Sahel. 
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- Begin development of recommendations for a long-term rodent 
control strategy iri priority crops. 

8. Evaluation/Monitoring Plan.
 

DWRC will conduct a project review near the PACD to determine
benefits derived from the activity and recommend how best to

continue roderit research arid control activities in the Sahel 
after the completion of the DWRC activity. The activity, per
se, places heavy ermphasis on continually monitoring/evaluatinig
various techniques for controlling rodent irruptions and
 
minrimizinlg crop loss. 

4902M 



- 10 -

III. Revised Project Financial Plan (X 1,000)
 

A. A.I.D. Funding 

Appropriation 
Total 

Proj . Component FY 87 FY 88 FY 89 LOP 

ARDN $3,491  - $3,491Locusts 
 2,731  - 2,731
FENS 
 760  760
 
Rodents  -

SDP $1,000 $5,000 
 - $6,000
Locusts 
 1,000 5,000 
 - 6,000
FEWS  - _ 
Rodents  - _ 

ESF  $1,000 -$10O
 
Locusts 
 - 1,000 
 - $1,000
FEWS  - _ 
Rodents  - _ 

DFA 
 $14,000 $2,079 $16,079

Locusts 
 - 10,190 2,079 12,269

FEWS 
 - 3,260  3,260

Rodents 
 - 550  550
 

TOTAL LOP 
 $4,491 $20,000 $2,079 $26,570
Locusts 3,731 16,190 2,079 22,000

FEWS 
 760 3,260 
 - 4,020

Rodents 
 - 550 550
 

Functional 

Total
Categories Locust 
 FEWS Rodents 
 LOP
 

Technical Asst $2,000 $4,020 $100 
 $6,120

Equipment 
 3,000  - 3,000
Commodities 
 8,000  - 8,000
Research 
 4,000  450 4,450

Inst'l Support 4,000 
 -
 - 4,000

Trainii rig/Ne twor.k* rig 1,000 - 1,000
 

TOTAL LOP $22,000 $4,020 $550 
 $26,570
 

Please note $943,029 of the FY 1987 
Locust funding was 
transferred 
to OFDA for obligation.
 



- 11 -

B. Amendments to Project Authorization Funding 

Or'ig-.rial Proj Auth Proj Auth Proj Auth 
Authorization Amend 1 Amend 2 Amend 3 

LOCUSTS 15,000,000 15,000,000 15,000,000 22,000,000
 
Section 103 14,000,000 14,000,000 14,000,000 2,731,000
 
Section 121 1,000,000 1,000,000 1,000,000 6,000,000
 
ESF 
 -- -- -- 1,000,000 
DFA -- -- 12,269,000 

FEWS -- 760,000 4,020,000 4,020,000
Sectiorn 103 -- 760,000 760,000 760,000 
DFA .-- 3,260,000 3,260,000 

RODENTS 
 5,50,000
 
DFA ...-- 550,000
 

TOTAL 15,000,000 15,760,000 19,020,000 26,570,000
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A. EXECUTIVE SUMMARY
 

This is a summary of the Programmatic Environmental
 
Assessment (PEA) of locust and grasshopper (11g) control in
 
Africa and Asia. The detailed PEA is contained in a separate
 
report with appendixes.
 

A.1 Purpose of the PEA
 

The purpose of the PEA is threefold:
 

o 	 firstly, it is to describe the environmental
 
impact of current and projected i/g control
 
programs, with specific reference to pesticide
 
use,
 

o 	 secondly, it is to evaluate possible alternative
 
control measures and mitigative actions to reduce
 
adverse ecological effects of these measures, and
 

o 	 thirdly, it is to provide the US Agency for
 
International Development with comprehensive

programmatic recommendations which are to ensure
 
that environmental concerns are fully addressed in
 
future i/g control programs.
 

A.2 Scope of the PEA
 

The PEA deals with an unusually broad and complex

issue. It is concerned with six major locust and three major

grasshopper species which affect the environment and crop and
 
range production, in well over 50 nations in Africa and S.W.
 
Asia. It is also concerned with the effects of 13 major

insecticides in use or 
being tested by international
 
organizations, technical assistance institutions of major donor
 
countries, and national plant protection agencies, to control
 
locusts and grasshoppers as well as with the inevitable effect
 
of these insecticides on the environment in Africa and the Near
 
East.
 

The complexity of this PEA is illustrated by the
 
enormous literature which exists on the biology and ecology of
 
locusts and grasshoppers alone. Over 10,000 acridological

abstracts were compiled by the Overseas Development Natural
 
Resources Institute (ODNRI), London. The Plant Production and
 
Protection Division of FAO also, in 1979, compiled a major

bibliography covering 30 years of I/g control activities.
 

Even though the broad scope of this PEA sets it apart

from most routine environmental assessments, it does address the
 
standard EA requirements. The PEA is prepared in accordance
 
with the requirements of 22 CFR 216, "AID Environmental
 
Procedures". The PEA also takes into account AID poli.,
 
concerns as outlined in Policy Determination PD-6,

'Environmental and Natural Resources Aspects of Development

Assistance" and the AID Pesticide Policy.
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A.3 Selected Locusts and Grasshoppers
 

Locusts belong to a large group of insects commonly

called grasshoppers. Locusts are those grasshoppers which have
 
a capacity for changing their habits and behavior when they
 
occur in large numbers. Locusts may then stay together in
 
swarms and can migrate over great distances.
 

The Centre for Overseas Pest Research (now ODNRI), in
 
1982, published "The Locust and Grasshopper Agricultural Manual"
 
which provides excellent descriptions of over 500 different
 
species of locusts and grasshoppers as they occur throughout the
 
world. The majority of these species occur in Africa and South
 
Asia.
 

For the purpose of the PEA only selected locusts and
 
grasshoppers were taken into consideration. They are listed
 
below:
 

Locusts and Grasshoppers Selected for the PEA
 

Common Name Scientific Name
 

LOCUSTS
 

Desert Locust Schistocerca gregaria (Forskal)

African Migratory Locust Locusta migratoria migratorioides
 

(Reiche & Fairmaire)
 
Red Locust Nomadacris septemfasciata (Serville)
 
Brown Locust Locustana pardalina (Walker)

Moroccan Locust 
 Dociostaurus maroccanus (Thunberg)

Tree Locust Anacridium melanorhodon (Walker)
 

GRASSHOPPERS
 

Senegalese Grasshopper Oedaleus senegalensis (Krauss)
 
Sudan Plague Locust Aiolopus simulator (Walker)

Variegated Grasshopper Zonocerus variegatus (Linnaeus)
 

The six locust species listed are the dominant locusts
 
of Africa and the Middle East. The distribution of the Desert
 
Locust and the African Migratory Locust is shown in Figures 1
 
and 2.
 

The three specific grasshopper species were selected
 
because they act like locusts -- they aggregate and two can
 
migrate in low flying swarms. They are not just a local problem
 
as is the case with most other grasshoppers, but move across
 
borders so that control 
measures benefit from an international
 
approach. The distribution of the Senegalese Grasshopper is
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shown in Figure 3. Wherever reference is made to grasshoppers
 
in this report, only the above three species are meant. Other
 
g.russhoppers are not considered unless specifically mentioned.
 

A.4 Impact of Locust and Grasshopper Outbreaks
 

The impact of locusts and grasshoppers on the natural
 
environment, trees, shrubs and rangeland is hardly documented.
 
This may be because the impact is not great, or not perceived as
 
great by the local population and government agencies in Africa
 
and South West Asia.
 

With regard to the impact of locusts and grasshoppers
 
on crops, three words are frequently linked: locust - plague 
famine. In fact, there is no convincing evidence that the
 
impact on crops is anything as severe as that of drought - or
 
similar major disasters. Impacts are localized rather than
 
nation-wide, and crop loss is seldom total.
 

A.5 Cost of Locust and Grasshopper Damage
 

In view of the paucity of agricultural data for much of
 
Africa and parts of Southwest Asia, the incompleteness of data
 
on crop losses and the lack of reported locust and grasshopper
 
damage, the cost of such damage is hard to access. In 1986 FAO
 
estimated crop losses due to locusts and grasshoppers in nine
 
Sahelian countries at $31,000,000, or 1.5% of the total value of
 
agricultural production in the countries concerned. But such is
 
the paucity of data that it is not clear whether this 1986
 
figure is above or below average, greater or less than other
 
years or for other recorded outbreaks. After decades of locust
 
and grasshopper control, it is simply not clear how much damage
 
locusts and grasshoppers do.
 

A.6 Current Locust and Grasshopper Control
 

Although various nonchemical and selective chemical
 
control methods are at the research and testing stage,
 
broad-spectrum insecticides are the only effective control
 
weapon against grasshopper and locust outbreaks that is
 
currently available.
 

Having such chemicals, national pest control
 
organizations have concerned themselves with the Brown, Moroccan
 
and Tree Locusts, with other species covered by an array of
 
specialized regional locust control organizations created
 
between 1949 and 1962. For the Desert Locust, which last held
 
plague status in 1962, control participants have been: three
 
regional FAO Commissions directing member states' operations in
 
Northwest Africa, the Near East and Southwest Asia; the Desert
 
Locust Control Organization for Eastern Africa (DLCO/EA); and
 
the Organisation commune de Lutte antiacridienne et de Lutte
 
Antiaviaire (OCLALAV) in West Africa. African Migratory Locust
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outbreak areas in Mali and the Lake Chad basin have been
 
patrolled by the Organisation Internationale contre le Criquet
 
Mligrateur Africain (OICMA). The International Red Locust
 
Control Organization (IRLCO) is active in southern Africa. (See
 
Figure 4)
 

The West African regional organizations OCLALAV and
 
OICMA have not survived the long period since the last major
 
Desert Locust upsurge. Unprepared and largely inadequate
 
national plant protection services had to fill the breach,
 
supported by emergency aid and technical assistance from FAO and
 
foreign donors.
 

The same organizations fought the major grasshopper
 
upsurge in 1986-87, which seems to have subsided. The cause of
 
the population decline -- whether control operations, weather,
 
natural enemies or all three -- cannot be determined. In
 
general, grasshopper control is relatively unsuccessful. Rather
 
than being regularly suppressed, outbreaks often reach alarming

proportions and trigger blanket spraying of hundreds of
 
thousands of hectares.
 

Forecasting using remote sensing information,
 
predictive population modeling and early warning systems has
 
great potential value for the timely prevention of outbreaks of
 
both locusts and grasshoppers. However, with the exception of
 
an FAO Desert Locust forecasting service existant since 1943,
 
these programs are still in development and only
 
semioperational.
 

There is almost as little data available on the cost of
 
locust and grasshopper control as there is on the cost of their
 
damage. What is available is donor cost for control programs,
 
particularly for 1986, when there was a major mobilization of
 
donors for the first time in many years. Spending by farmers
 
and local and national authorities is absent from cost
 
information for most programs.
 

On the basis of 1986 donor figures control costs were
 
high, with spraying costs of $15-30 per hectare. However, this
 
expense was exceptional, reflecting the need for rapid emergency
 
mobilization and the airfreighting of formulated insecticides
 
from Europe and the U.S.
 

Without more complete information, the usual economic
 
tools cannot be used to make judgements regarding the costs and
 
benefits of locust and grasshopper control programs. If they
 
are to be continued, more data on costs and pest damage need to
 
be generated.
 

Control Techniques and Strategies
 

Occurrence patterns of locusts are different from those
 
of grasshoppers, and thus control strategies for the two pests
 
differ. Both aerial and ground insecticide application
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techniques are used, the choice depending on the size and type
 
of the problem.
 

Grasshopper control efforts aim to protect crops and
 
pasture, and control strategies are based on the biology of the
 
insect and its iife stages. The Senegalese Grasshopper, the
 
dominant species in the Sahel, illustrates a general pattern.
 
It is migratory and breeds in range grasses, its favored
 
habitat. As the grasses dry and become less attractive as a
 
food source, these insects move into food crops to feed. The
 
best time for undertaking control operations is at the beginning

of the rainy season, with nymphs'of the first generation as the
 
target. Populations are generally the most restricted at that
 
time.
 

Successful grasshopper control depends on efficient
 
surveys to locate and delimit potentially dangerous
 
populations. Unfortunately, affected areas are enormous and
 
efficient survey is lacking in much of Africa.
 

Locust control strategies are aimed at plague

prevention as well as crop protection. Successful plague
 
prevention requires taking advantage of limiting factors in the
 
insects' daily and annual activity cycles.
 

For example, the most evident limiting factor of the
 
African Migratory Locust in Mali is its movement to the flood
 
plains of the Niger Inland delta at the end of the rainy season
 
after the water has receded. This enables the locust to survive
 
and breed during the dry season when conditions elsewhere are
 
unfavorable. Thus, the most efficient means of control is to
 
reduce or eliminate this dry season population in the hopper
 
stage in the flood plains, before the beginning of the rains.
 

Strategies can also take advantage of situations in
 
which populations are concentrated. For the Red and Brown
 
Locusts, this means within the outbreak area. For the Desert
 
Locust, this includes terrain features that inhibit migration,

such as the northern Ethiopian highlands and the Atlas Mountains
 
of Morocco and Algeria. During the winter months, Desert Locust
 
populations become trapped in a relatively few areas such as
 
these and are then ideal targets for control.
 

Theoretically, spraying flying locust swarms is highly

efficient. In practice, it is usually quite inefficient due to
 
continual expansion and contraction of swarms. The area
 
occupied by gregarious swarming adult locusts when settled is 3
 
to 10 times less than the area occupied while flying, so
 
wherever possible, control efforts are targeted against settled
 
swarms, to reduce the amount of insecticide and application time
 
required. Control of settled swarms was the strategy used in
 
the successful 1987 Desert Locust campaign in Morocco.
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Barrier spraying using a persistent stomach poison is
 
the most efficient method of controlling immature locusts in
 
hopper bands. This technique has worked particularly well in
 
Red Sea coastal areas where as many as six generations of Desert
 
Locusts develop each year. Both aerial and ground ultra-low
 
volume (ULV) application methods can be used. However, with the
 
discontinuance of the persistent chlorinated hydrocarbon
 
insecticides, barrier spraying effectiveness may be reduced.
 

ULV drift spraying, in which swath displacement by wind
 
is deliberately used to get wider coverage, is commonly used in
 
Africa. With light, steady wind conditions it can cover a
 
larger area within a given time and give better impingement of
 
the spray droplets on sparse vegetation and target insects.
 

Insecticide baits can be used'in both aerial and ground
 
operations, but logistical problems, particularly formulation,
 
transport and storage.considerations, limit the situations in
 
which they are economic to use. Baits are safer for applicators
 
and nontarget species, and utilize only a fraction of the amount
 
of active ingredient per unit area that liquid sprays and dusts
 
require.
 

Properly used ground equipment can give excellent
 
control of grasshoppers and locusts. Operations can be more
 
effective and selective because the applicator sees the actual
 
insects to be targeted, confining the insecticide to smaller
 
areas and thus minimizing nontarget effects. Pilot applicators
 
usually cannot see insects on the ground, and instead spray
 
areas bounded by landmarks which may considerably exceed the
 
zone of actual economic infestation.
 

Aerial surveys, particularly with helicopters, are
 
useful in detecting flying locust swarms and delimiting
 
grasshopper and locust infestations. Aerial insecticide
 
application is necessary for controlling grasshopper outbreaks
 
that have reached the large scale of the one in the Sahel in
 
1986-87.
 

Methods of aerial control are diiferent for
 
grasshoppers and locusts. Grasshoppers must be attacked during
 
the day while they are on the ground, while locusts can be
 
attacked both while they are on the ground or in flight.
 

In 1986-87, large planes were used in wide scale aerial
 
operations. This was not always necessary or economical and was
 
undesirable from the environmental point of view. Other
 
negative factors were insufficient follow-up, delay between
 
infestation and intervention, and lack of communications and
 
logistics experience. Separate areas to be treated within one
 
country were sometimes subdivided and parceled out to various
 
donors. This may have had administrative advantages, but aerial
 
spraying on a more rational basis would have been more
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efficient, would have needed fewer ground teams and would have
 
concentrated efforts when and where most needed.
 

Despite these problems aerial work was orderly,
 
utilized more highly-skilled people, and was, therefore, able to
 
proceed efficiently. The greater speed and simplicity of aerial
 
spraying allowed ground parties to discover mistakes or failure
 
quickly, so the work could be repeated or improved.
 

Figure 5 shows the role played by farmers, national
 
crop protection agencies and foreign donors in controlling

various types of locust and grasshopper infestation.
 

A.8 Insecticides
 

This Environmental Assessment considers thirteen
 
insecticides: the chlorinated hydrocarbons dieldrin and
 
lindane, the organophosphates malthion, diazinon, acephate,

fenitrothion and chlorpyrifors, the carbamates carbaryl,propoxul
 
and bendiocarb, and the synthetic pyrethroids lambdacyhalothrin,
 
tralomethrin and cypermethrin. The list includes the seven
 
chemicals that have been used consistently by AID-associated
 
grasshopper and locust control programs: the chlorinated
 
hydrocarbons and malathion, diazinon, fenitrothion, carbaryl and
 
propoxur. The rest are being tested by AID and other
 
international donors.
 

Many of the chemicals are currently registered in the
 
U.S. or Europe for locust and grasshopper control. The
 
registration of one, dieldrin, has been cancelled in most
 
developed countries because of its persistence and
 
bioaccumulation and the resulting negative effect on nontarget
 
species.
 

A.9 Insecticide Use
 

The selection of an insecticide for use in a
 
grasshopper and locust control program would be simplified if
 
only one chemical was effective, but many, including all those
 
widely used now, give about equally satisfactory control.
 
Selection should be based not only on efficacy but also on
 
persistence, bioaccumulation, toxicity, cost, ease of
 
application and availability.
 

Because of their harmful effects on nontarget species,
 
dieldrin and lindane are unacceptable for use in programs
 
associated with AID. The use of carbaryl is hampered by its
 
cost, almost twice that of malathion per hectare treated.
 
Fenitrothion is highly toxic to birds, and all the insecticides
 
are very toxic to bees and other nontarget Arthropods. Acephate
 
appears to be the most environmentally acceptable insecticide
 
among those considered, but has not been adequately tested
 
against locusts and grasshoppers in Africa and the Middle East.
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FIGURE 5. LOCUST AND GRASSHOPPER CONTROL
 

L/G GROUPS Ground Control Aerial Control 
Farmers CPA CPA & Donor Suppor 

Locusts 

- Solitary 1) 1) 1) 

- Hopper Bands S S 

- Flying Swarms S 

- Settled Swarms S S 

Specific Grasshoppers 2)
 

- Solitary A A
 

- Flying Swarms 
 3)
 

- Settled Swarms S 
 S
 

All Other
 
Grasshoppers A A
 

1) no control necessary since not present in farmland
 
2) the three grasshopper species treated in this report
 
3) swarms fly at night, air control not feasible
 

CPA: Crop Protection Agencies
 
A: annual control
 
S: control in some years only
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The requirements for insecticide formulations for
 
grasshopper and locust control are that they must be applicable
 
by well-tried methods, be noncorrosive and non-phytotoxic, and
 
storable for at least 18 months and preferably up to 5 years.
 
Persistence also is important. Fast-acting contact insecticides
 
are effective for spraying swarms of adult locusts, but in many
 
other situations residual toxicity is' a valuable
 
characteristic. Cumulative stomach poisons that are not easily
 
excreted or detoxified are efficient because insects that first
 
receive a sublethal dose can inge3t lethal amounts as they move
 
about in their search for food. Dieldrin and lindane are the
 
nost persistant of the insecticides considered.
 

None of the insecticides considered are very selective,
 
i.e., more harmful to the target pests than to nontarget
 
species. Maximum selectivity is environmentally desirable, and
 
there is an effort to use formulations such as baits in a
 
selective manner: directed as narrowly as possible during
 
selective times at the target insects, minimizing the areas and
 
other species affected.
 

A.10 Insecticide Management
 

It would be economic for locust and grasshopper
 
pesticides to be formulated in or near the African or Middle
 
Eastern countries where they are used. In 1986, the expensive
 
emergency airlift of formulated insecticides from developed
 
countries inflated control costs. Dusts were particularly
 
wasteful, since they are only 1-2% active ingredient, with the
 
transport cost of the dusts greatly exceeding their insecticidal
 
value.
 

Storage facilities have been identified as an acute
 
problem. Many pesticides are stored in unfenced areas in the
 
open, often adjacent to populated areas. Where there are
 
stores, they are often poorly ventilated, in disrepair, and
 
badly managed.
 

In addition to poor storage, inappropriate container
 
size for the intended end user and containers that are not
 
sufficiently durable for transportation create hazardous
 
situations.
 

The disposal of containers is a problem because people
 
often want to recycle them and use them for water and food.
 

A.11 Insecticide Disposal
 

When insecticides are prepositioned for grasshopper or
 
locust problems which fail to materialize as anticipated for
 
long periods, they must be used for another appropriate purpose
 
or be disposed of. Thus some chemicals supplied by donors in
 
1987 are still stored but most are ULV formulations unsuitable
 
in their present form for use by farmers.
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Another disposal problem is posed by large remaining
 
stocks of chlorinated hydrocarbon insecticides in countries such
 
as Yemen, Somalia, Sudan and Mauritania. Some of them have been
 
stored since the early '60s. They are no longer approved for
 
application, and so cannot simply be used up.
 

A.12 Health and Safety
 

The general public may be exposed to insecticides
 
through water or food that has been contaminated, through spills
 
or drift, and overspraying of the water supply or food crops.
 
Those handling, mixing, loading, or applying the chemicals
 
receive the heaviest exposure and are the group for which
 
protection and health monitoring is the most critical.
 
Protection includes both protective clothing and devices and
 
adequate training in safe handling and use of pesticides.
 

For the public, assessment of exposure is through the
 
determination o. residues in environmental samples such as
 
water, air and food supplies, including fat and milk.
 

In large control programs, emergencies inevitably
 
occur. Of immediate concern are emergencies that occur in
 
transport, storage, use or disposal of the chemicals. These
 
include leakage, spills, splashes or drift, with resulting
 
contamination of humans, the water supply or food crops and the
 
creation of hazards for beneficial nontarget organisms.
 

A.,13 Training
 

During a workshop held for AID participants and
 
consultants in the 1985-87 locust and grasshopper control
 
progams, the continuing need for training was emphasized. More
 
than 50 current issues in the campaign were identified as
 
subject matter. In most countries and regional organizations,
 
experienced locust officers decreased in number during the long
 
recession, and the present upsurges offer an opportunity to
 
train a new generation.
 

For field staff and farmers, concentration should be on
 
short, practical, hands-on courses. During the spring of 1987,
 
AID successfully conducted Training-of-Trainers courses for
 
personnel who handle and apply pesticides.
 

Among high-priority training topics for officers are
 
the logistics of large-scale operations, radio operations and
 
maintenance, and aerial spraying techniques. Aerial operations
 
require well-trained pilots and support staff. More African
 
pilots need to be trained, and refresher courses are required
 
for those currently available. There is also an urgent need to
 
train personnel in insecticide storage and transport
 
facilities. Store construction, the logistics of distribution,
 
and the administration and management of stores are all
 
important.
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Safety training is essential for all persons who come
 
in contact with insecticides: safe handling, the use of
 
protective clothing, safety precautions in mixing and filling
 
tanks, and cleanup procedures. Field workers should know to
 
delay entry to the sprayed field for a safe period, and to avoid
 
drift.
 

A.14 	 Control Methods Other Than Broad-Spectrum
 
Insecticide Use
 

At present, there are mechanical and cultural methods
 
available for locust and grasshopper control: collecting and
 
killing the insects, upgrading pasture and trying to alter the
 
environment in ways unfavorable to the pests, the destruction of
 
eggs in oviposition fields. None of these methods is
 
immediately effective, applicable to a broad range of species

and practical or even feasible in most situations.
 

Biological control, particularly using pathogens, might
 
hold promise for the future. At present, neither predators,

parasites nor pathogens are being used in Africa and the Middle
 
East for locust or grasshopper control, nor have any been
 
sufficiently tested to prove their value. Antifeedants,
 
particularly neem extracts, may become useful for crop
 
protection. The feasibility of neem insecticide manufacturing
 
as a Sahel village industry is being investigated. Some crop

varieties have antifeedant characteristics, but this is not
 
being exploited outside the traditional context.
 

A.15 	 The Environment
 

The combined recession and invasion areas of the nine
 
species of locusts and grasshoppers described in the project
 
covers virtually all of Africa and the Middle East. Africa,
 
with its wide range of climatic zones, combined with its varied
 
topography, has environments that range from deserts to humid
 
tropical rain forests to frost- and snow-affected highlands.
 

The Middle East is dominated by desert and arid
 
environments but also includes moist sub-humid, Mediterranean
 
and mountain climates.
 

Within the more arid zones, temperature and rainfall
 
are major factors in the hatching and growth of locust and
 
grasshopper populations. In these zones, the variability in
 
rainfall between years has also been suggested as a key factor
 
in plagues -- wet years as breeding times for locusts and long

periods of drought leading to reductions in populations of
 
locusts, although populations regain quickly when rain returns.
 

The intertropical convergence (ITC) zone, moving from
 
the Equator in the winter to the Sahara in the summer, is
 
another climatic phenomenon important to development and
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migration. The ITC promulgates weather fronts and rain
 
associated with grasshopper and locust breeding areas, and also
 
cr'eates wind patterns that govern the movement and orientation
 
of locusts and grasshoppers in flight.
 

Rainfall provides the soil moisture that leads to
 
locust and grasshopper hatching, as well as to crop and
 
vegetation growth. In Africa, at the scale of this study, ten
 
major soils associations are distinguished, namely: desert
 
soils, sandy soils, saline soils, acid soils of tropical
 
lowlands, soils of tropical highlands, dark clay soils,
 
ferruginous tropical soils, Mediterrahean soils, poorly drained
 
soils and shallow soils.
 

In the Middle East soils have been distinguished for
 
the true deserts, the arid steppes, the sub-arid and sub-humid
 
areas.
 

The distribution of the major soil associations broadly
 
corresponds with the climatic zones and vegetation types. The
 
major vegetation types of Africa range from humid rain forests
 
to deserts, with a wide variety of thickets, wetlands, savannas,
 
grasslands, altitudinal and edaphic types in between. In the
 
Middle East the main vegetation types are Mediterranean, steppe,

desert, mountain, savanna and riverine vegetation. The natural
 
vegetation provides food, fiber and fuelwood for man, forage for
 
man's domestic stock, and food and habitat for Africa's and the
 
Middle East's varied and important wildlife resources, including
 
locusts and grasshoppers.
 

The importance of wildlife includes, but is not limited
 
to, contributing significantly to the protein portion of some
 
local diets, maintaining ecological stability by being better
 
adapted than domestic livestock to the local environment, and
 
providing, or having the potential to provide, an important

foreign exchange revenue from national park and wildlife-based
 
tourism.
 

In both Africa and the Middle East, shrinking forested
 
lands, and more importantly, the rapid decline in woodland edge
 
areas, have caused declines in several forms of plants and
 
wildlife.
 

The surface hydrology of the African continent is
 
dominated by four major river basins: the Nile, the Zaire, the
 
Niger and the Zambezi. Major natural and'dammed lakes includc
 
Lake Chad, Lake Volta, Lake Nasser, Lake Victoria and the Rift
 
Valley lakes. These and other African lakes and rivers are
 
associated with extensive wetlands in the form of flood plains,
 
swamps arid smaller lakes, all of which are considered critical
 
habitats that support a diverse fauna, fisheries and a growing
 
number of aquaculture activities.
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Groundwater is a secondary source of water in Africa 
that comprises some 20% of the total water resources of the 
Continent. 

The main surface water in the Middle East is
 
represented by the Tigris and Euphrates Rivers in Iraq and the
 
Caspian Sea bordering the study area. Several moderate size
 
lakes, mostly saline, are found in Iran.
 

Within the varied African and Middle Eastern
 
environment described above are several geographic features that
 
preserved barriers to or otherwise affect the movement of
 
grasshoppers and locusts. In Africa, these include the Atlas
 
Mountains of Morocco, the Piedmont Atlas of Algeria, the
 
mountains of northestern Somalia, and the Ethiopian highlands.
 
Locust movement is modified in the Middle East by the Saudi
 
Arabian escarpment, the mountains of Yemen and Hadramaunt and
 
the northern mountains of Iran. Surprisingly, the Sahara,
 
Arabian, and Pakistan deserts appear to be no impediment to
 
locust movement.
 

The human settlement patterns in Africa are
 
characterized by rural-urban migrations, migrations into new
 
areas of agricultural development, the movements of traditional
 
nomads, migrant labor forces and the locations of traditional
 
village communities. Heavy population concentrations are found
 
along most of the river valleys, along the coast and in high
 
plateaus of Ethiopia, Kenya, Burundi and Uganda and in Nigeria.
 
Sahelian regions are less populated.
 

In the Middle East as in Africa, there are both
 
sedentary and migratory populations. Higher population
 
densities are found along the shores of the Mediterranean Sea,
 
the Caspian Sea, and in the Fertile Crescent.
 

A number of major international efforts that deal with
 
public health problems caused by tropical diseases also depend
 
upon projects in which pesticides are used. Inevitably, the use
 
of pesticides for the control of human disease of public health
 
importance overlaps with similar applications for agricultural
 
pests. Unfortunately, many locust and grasshopper programs that
 
use pesticides occur in rural areas with limited health
 
services, and adequate personnel are seldom available to
 
document or assist with health problems that may arise there.
 

A.16 Environmental Conseguences of Pesticides Used
 

The environmental consequences of pesticide use
 
discussed for the terrestrial and aquatic environment and for
 
human health, are based on three subassessments:
 

o 	 hazard analysis (toxic properties of each
 
insecticide)
 

o 	 exposure analysis (likelihood of exposure to
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non.-target organisms)
 
o 	 risk analysis (effect of insecticides on
 

non-target organisms).
 

Locusts and grasshoppers follow green vegetation.
 
Animals associated with these areas -- either through feeding on
 
locusts or by using the same ecological resources -- can be
 
exposed to pesticide spray operations. Exposure can occur
 
dermally (directly or from sprayed vegetation), by inhalation of
 
spray, or through ingestion (eating contaminated species,
 
preening by mammals and birds).
 

The soil fauna, including millepedes, mites, spiders,
 
and insects, is important to the mainterance of soil fertility.
 
Loss of many of these organisms alters soil characteristics such
 
as internal drainage.
 

Soil type, climate and type of pesticide applied all
 
influence the persistence of chemicals in soils, and thus the
 
long term detrimental affects. Chlorinated hydrocarbons are
 
highly persistent, while organophosphorous insecticides are
 
mineralized in several weeks. Chlorinated pesticides also
 
demonstrate limited mobility in soils, which means that they
 
tend to remain on or near the surface and can run off to aquatic
 
environments, where they present continued hazards to non-target
 
organisms. Other insecticidcs are more readily leached into
 
lower soil horizons. The characteristics of lower persistence
 
and mobility in soils suggest that non-chlorinated pesticides
 
may have fewer long-term detrimental affects on non-target
 
organisms than do chlorinated hydrocarbons.
 

Much of Africa is characterized as having degraded
 
soils, which are overcultivated and exhibit erosion, loss of
 
topsoil, and soil crusting (which increases runoff). Removal of
 
vegetation for fuelwood may accelerate leaching. These poor
 
soil conditions greatly increase the detrimental consequences of
 
pesticides on non-target organisms and systems, thus influencing
 
the overall potential hazards of spray applications.
 

Most of the pesticides under consideration have little
 
or no phytotoxic effect on vegetation when used in recommended
 
dosages. However, fenitrothion ULV causes severe phytotoxicity
 
in sorghum.
 

Toxicity ranges on terrestrial organisms for pesticides
 
considered for locust and grasshopper control range from
 
moderately toxic to mammals (malathion) to highly toxic to birds
 
(fenitrothion), to slightly toxic to birds (carbaryl), to highly
 
toxic to bees and other associated invertebrates. Chlorinated
 
hydrocarbons are generally highly toxic to all non-target
 
organisms.
 

Organophosphates adversely affect non-target
 
terrestrial organisms. Fenitrothion and diazinon kill
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significant numbers of birds in laboratory studies and in field
 
applications, while carbaryl and malathion are without observed
 
effects. Carbaryl is toxic to a broad range of non-target
 
invertebrates. Malathirn is toxic t~o some birds. Lindane is
 
toxic to fish and birds but not very toxic to mammals.
 

It is now accepted widely that use and registration of
 
pesticides for locust and grasshopper control should be limited
 
to those that have the least direct effect on non-target
 
wildlife, that degrade rapidly in the environment and that have
 
been thoroughly tested in the field as well as in the
 
laboratory. Chlorinated hydrocarbons do not meet those
 
criteria. Fenitrothion, due to its high toxicity to birds, must
 
be used with caution. Figure 6 summarizes the overall effects
 
of all 13 pesticides on non-target organisms.
 

Pesticide use near concentrations of birds feeding on
 
locusts and grasshoppers, during bird migrations, in bird
 
breeding and nesting sites, and near critical habitats needs to
 
be examined further to ascertain both short- and long-term
 
affects of pesticide applications. Potential consequences for
 
such concentrations of birds are discussed.
 

The toxicity of the 13 pesticides considered (see
 
Figure 6) varies from nil to severe on fish and aquatic
 
invertebrates. Pesticides that are inadvertently sprayed
 
directly on water bodies are expected to have effects on aquatic
 
organisms. In most cases aquatic invertebrates will be killed,
 
but overall effects on organisms in streams and rivers can be
 
expected to be temporary, since those can be repopulated from
 
other areas. By use of buffer zones, selective use of the least
 
harmful pesticides, and careful application, fisheries resources
 
can be protected.
 

Acephate, propoxur, carbaryl, fenitrothion and
 
malathion are less toxic to fish than are synthetic pyrethroids
 
(lambda-cyhalothrin, tralomethrin and cypermethrion and
 
dieldrin). Diazinon, lindane, Bendiocarb, and chlorpyrifos are
 
of intermediate toxicity.
 

Toxicity to aquatic invertebrates is considerably
 
different. Here, the three pyrethroids (lambda-cyhalothrin,
 
tralomethrin, and cypermethrin), fenitrothion, diazinon,
 
propoxur, and chlorpyrifos are of high toxicity; malathion,
 
carbaryl and acephate are of low toxicity, with lindane and
 
dieldrin of intermediate toxicity.
 

A risk analysis for the aquatic environment was
 
computed by comparing the expected exposure to potential hazard
 
(toxicity, etc.) to the species. Pesticides that appear to
 
allow little or no safety margin in toxicity to fish (and which
 
therefore will cause detrimental effects) include lindane,
 
chlorpyrifos, diazinon, malathion and the three synthetic
 
pyrethroids. Acephate, propoxur, carbaryl and bendiocarb appear
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6. TOXICITY TO NON-T ARGET ORGANISMS 

SPersis- Bioaccumu-
Aquatic 
Inverte-

Chemical tence lation Birds Mazmnals Fish brates 

carbaryl L L-M L L L L 
diazinon M M M-H L M H 
dieldrin H i H H H M 
fenitrothion L M H L L H 
lindane M-H H M-H M M M 
malathion L L M L-M L L 
propox-ur L-M L-M L-M M L H 

acephate L L L L L L 
bendiocarb M M M M M M 
chlorpyrifos M-H M-H -- M L-M H 
cypermethrin M-H H* L H H 
iambxdA -c:,'halothrin M H* L H H H 
trraomethrin N H* L L H H 

r;sy onl log P 
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to have a sufficient safety margin. Dieldrin which appears to
 
have a sufficient safety margin, is not acceptable because of
 
high persistence and high bio-accumulation potential.

Fenitrothion appears to be relatively non-toxic for fish, but is
 
extremely toxic to invertebrates and aquatic birds and should be
 
used with caution.
 

The persistence of the pesticides in aquatic systems

varies from low (malathion, carbaryl, fenitrothion) through
 
moderate (diazinon, bendiocarb, propoxur) to high (lindane,
 
chlorpyrifos, dieldrin). Pesticides with higher persistence
 
have a greater potential for environmental damage, as well as in
 
food-chain transport or bioaccumulation. There are a wide range

of risks to human populations, including occupational,
 
accidental and subliminal. Pesticide workers have the highest
 
exposure. Others are exposed through dermal exposure and
 
ingestion. Several health conditions occur from various levels
 
of exposure to pesticides, including skin abrasions,
 
malnutrition, liver disease, respiratory infections, and eye
 
infections.
 

A.17 Wilderness Areas
 

A recent inventory of Africa indicates that 30% of the
 
continent is comprised of wilderness areas (see Figure 7). Of
 
these, 7% has been set aside as protected for the conservation
 
of these resources. These areas contain critical habitats, and
 
are designed to protect wildlife comprised of numerous species.
 
A buffer strip of 5 km, in which no chemical spraying is
 
allowed, is needed to protect these areas.
 

Many wetlands are significant and are considered
 
critical habitats. Like other critical habitats, these wetlands
 
receive pesticides through aerial drift from spraying. Buffers
 
of 5 km for the borders and 16 km for the areas constituting the
 
origin and its defined outlets are recommended to protect these
 
wetlands.
 

A.18 Rare and Endangered Species
 

To protect rare and endangered species, compliance with
 
existing regulations and standards should be followed and should
 
include: 

1) 
2) 

3) 

follow EPA label guidelines, 
avoid applications on specific grasshopper and 
locust sites where listed species are known to 
exist, and 
prohibit use of those chemicals that would result 
in direct or indirect harm or mortality for listed 
species. 
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A.19 Areas of Overlap
 

There are areas of direct overlap between
 
environmentally sensitive and critical habitats, and locust and
 
grasshopper control regions. A thorough inventory of these
 
areas is needed to more preciselyestimate the degree of overlap
 
and the extent of the problem. These areas include semi-arid
 
regions, temperate lands and marshes, seasonal (rainfed)
 
cropland, rivers and permanent lakes and marshes, and protected
 
areas.
 

A.20 Technical Alternatives for L/G Control
 

Five technical alternatives are considered. These are:
 

o No control alternative
 
o Non-chemical control alternative
 
o Biological control alternative
 
o Chemical control alternative
 
o Integrated Pest Management (IPM) alternative.
 

The fourth of these measures -- chemical control -- is
 
the one in use at present, with the other control measures being
 
examined as potential alternatives.
 

A.21 No Control Alternative
 

This is essentially what was happening prior to the
 
advent of chemical controls. It would involve allowing
 
grasshopper and locust outbreaks to run their course. The
 
consequence of this depends in part on what is being achieved at
 
present. If present control measures merely protect standing
 
crops, the effect of "no action" would be to lose some part of
 
those standing crops. In 1986, the effect of not controlling
 
the grasshopper outbreak in Africa would have been the loss of
 
crops valued at around $M77. With control measures, some $M46
 
of this potential loss was saved, but at a cost to donors of
 
$M40. However, if the effect of control measures is to control
 
plagues, then the saving in crops was not just in 1986 but in
 
1987 and onwards as well. It is not clear from the conflicting
 
evidence whether, in fact, existing control measures prevent
 
plagues. It should, however, be borne in mind that even without
 
control measures, plagues will terminate. Between 1860 to 1976
 
there were 40 identified regional Desert Locust plagues. In all
 
but four cases control was non-existent or completely
 
inadequate, but all of them came to an end.
 

The environmental consequences of no control would be
 
to reduce the pesticide being applied, with a consequent
 
reduction in any harmful effects of that application. There
 
would, of course, be more grasshoppers and locusts, and this
 
would mean more vegetation eaten. However, there is no evidence
 
that this would be permanently harmful to the forest, bush and
 
rangeland, which has historically been subject to such
 
outbreaks.
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A.22 Non-chemical Control Alternative
 

This involves mechanical methods of destruction,
 
changes in cultural practices in agriculture and/or the use of
 
seed extract of the Neem tree (Azadirachta indica) as an
 
anti-feedant*. Mechanical destruction of locust and grasshopper
 
eggs probably has some local impact but has no impact on the
 
larger population. The use of Neem as an anti-feedant is
 
similar, in that by spraying it on a crop, the locusts or
 
grasshoppers are encouraged to move elsewhere, but to have an
 
impact on a national scale would involve spraying much, if not
 
all, of the cropland in a country, which would almost certainly
 
be more costly than spraying of swarms of locusts with
 
pesticides. Overall, non-chemical control measures cannot
 
successfully be used on their own to control locust outbreaks,
 
although they might usefully be employed in concert with
 
chemical control measures.
 

A.23 Biological Control Alternative
 

This is really an idea whose time has not yet come.
 
Superficially attractive, biological control would have little
 
or no adverse environmental impact but would control locust and
 
grasshopper outbreaks. At present, the only means by which it
 
might do this is by use of the protozoan organism Nosema, which
 
is licensed for use in the US. The problem with Nosema is that
 
it has not been shown to control grasshopper outbreaks. To
 
date, no field trials have been carried out to test its efficacy
 
in Africa or Asia, where it might work better than in the US.
 
However, even if it proves effective in killing locusts and
 
grasshoppers, there are problems in utilizing it in a control
 
program. Storage needs for Nosema are exacting, with precise
 
temperature control required, and timing of the application
 
critical. In Africa and many of the other countries where
 
locust and grasshopper control programs are in place, such
 
requirements might make Nosema a less attractive alternative to
 
chemical control even if it proved to be efficacious.
 

A.24 Chemical Control Alternative
 

This is the only one of the technical alternatives that
 
is proven. There can be debate as to whether its use merely
 
protects the standing crops or whether it prevents locust and
 
grasshopper plagues, but there is no doubt that most of the
 
pesticides in use in locust and grasshopper control programs
 
kill the target species. From the environmental standpoint the
 
problem is that they also kill non-target species. The other
 
problem with chemical control is cost. In 1986 it was costing
 
between $15-$30 per hectare to spray against grasshopper in
 
Africa. In part this was the result of the fast mobilization of
 
donors in response to a perceived emergency, followed by a
 
massive spraying campaign. In the past, locusts and
 
grasshoppers have been controlled with much lower costs.
 
Selective spraying has made chemical control not just an
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effective means of controlling the pest, but a cost-effective
 
means of control. Selective spraying, as compared to widespread
 
spraying of vast areas, also reduces the potential environmental
 
hazard, but there is a definite overlap between control areas
 
and environmentally fragile areas, and this problem must be
 
addressed.
 

Selective spraying, in part, is dependent upon early
 
identification of locust and grasshdpper breeding and outbreak
 
areas. Forecasting and early warning can be of great assistance
 
in pinpointing these areas. Present advances in using remote
 
sensing have a large potential contribution to make in this
 
area. The FAO's ARTEMIS system is being developed to maximize
 
the use of such integrated remote sensing information processing
 
techniques and the US's EROS Data Center recently completed a
 
pilot grasshopper remote sensing early warning project in
 
Senegal and Mauritania, using somewhat similar methods.
 

A.25 Integrated Pest Management Alternative
 

IPM involves a judicious mixture of control methods,
 
including chemical controls. At this time, with chemical
 
control as the only effective means of dealing with locusts and
 
grasshoppers, an IPM approach reduces to the judicious use of
 
chemicals with a willingncss to utilize other control methods
 
should they become available. In terms of field operations it
 
amounts to good, careful chemical control.
 

The technical alternatives are theoretical rather than
 
actual. There are, at the present time, only two alternatives
 
-- that of taking no action, or of mounting a control effort
 
using chemical control. If control is chosen, then the
 
technical alternatives really come down to different approaches
 
within the chemical control operation: either that of large
 
scale spraying of extensive areas, as was adopted in 1986, or
 
more selective spraying of carefully targeted outbreak areas.
 
The latter presents less potentially harmful environmental
 
consequences, as well as being the more cost-effective approach.
 

A.26 Options for USAID L/G Policy
 

The policy options for USAID are reduced in essence, to
 
three. These are:
 

o 	 to take no action, leaving i/g control to other
 
organizations,
 

o 	 to take no action on 1/g control but to provide
 
food aid to replace the crops lost to locusts and
 
grasshoppers; or
 

o 	 to continue to play an active role in 1/g control.
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A.27 No Action by USAID
 

To take no action would have a twofold advantage. By
 
moving out of the I/g control field, AID funds become available
 
for allocation to other programs, programs that, in many canes,
 
are going to show much higher rates of return. Also, AID mres
 
out of an area that, because it involves the application of
 
pesticides, has adverse environmental effects.
 

The disadvantages are that this would involve AID
 
turning its back on a situation which, from time to time, was an
 
emergency. From the environmental point of view, a decision by
 
AID not to remain involved with I/g control would be
 
unfortunate. AID has, for many years, been one of the most
 
responsible voices with regard to environmental impacts of
 
pesticides. If it was to withdraw from the program, that voice
 
would carry considerably less weight.
 

A.28 Provision of Food Assistance
 

The option of taking no action but providing food
 
assistance would appear to suffer from most of the disadvantages
 
outlined above, with the further difficulty of having to try to
 
determine crop losses due to locusts and then handling the
 
problems of food distribution. The advantages are that, from
 
the US point of view, food aid can be thought of as fairly
 
cost-effective. From the host country point of view, however,
 
it can be seen as an encouragement to depend on US food
 
assistance rather than deal with the locust problem.
 

A.29 Intervention in L/G Control by USAID
 

The present strategy followed by AID is to intervene in
 
i/g control. This has the disadvantage of being involved in a
 
program that frequently does not look cost-effective, and one
 
that has some possible adverse impact on the environment.
 

On the r,.us side, AID has been actively involved in a
 
situation that appeared to require prompt and adequate emergency
 
response and this has been good for the Agency's image and for
 
that of the US. The Agency has exercised a leadership role in
 
the area of responsible use of pesticides where the US has taken
 
the lead in trying to reduce the use of the more toxic
 
chemicals.
 

However, if AID is to remain involved in 1/g control
 
some changes in approach are required.
 

A.30 Longer Term Perspective
 

The present situation, that of dealing with locusts on
 
an intermittent, emergency basis ii the worst of all worlds.
 
There is little or no structure in place in many of the African
 
countries, so that when an emergency situation occurs there is
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very limited ability to mobilize local technical and logistical
 
support; formulated chemicals, equipment and technical personnel

all ha%'e to be brought in, making the operations very costly.
 

Clearly, a better situation would be one in which there
 
was a crop protection organization in country, staffed, equipped

and ready to mobilize against locust outbreaks. An approach
 
that seeks to achieve this and to make each country more
 
responsible for, and better able to deal with, its 
own locust
 
problems would appear to be a desirable objective. The problem

with trying to achieve this is that locust and grasshopper
 
outbreaks are intermittent. Therefore, the cost of the effort,

relative to the benefits, is unfavorable. An organization that
 
sits waiting -- maybe 5 or 10 years -- for a locust plague to
 
surface is likely to become bureaucratic and operationally

ineffective; plus, pesticides have a limited shelf life and so
 
will need to be destroyed and replaced every couple of years.
 

All this argues that, in order to achieve I/g control,
 
the best approach is within the context of a broad pest control
 
program within each country rather than a specific locust
 
control program. The advantages of making the program broadly

based are 
that the benefits relative to the costs of the program

immediately look a lot better, and the organization is
 
constantly in the operational mode, with little problem in
 
adapting to deal with locusts, grasshoppers, army worms or
 
whatever other pest requires a major control effort.
 

From the AID point of view, such a strategy involves a
 
long-term programmatic approach to the problems of locust and
 
grasshopper control with the eventual two-fold objective of
 
controlling all locust and grasshopper outbreaks before they
 
ever approach plague proportion and, in the long term, leaving
 
this control in the hands of the crop protection services of the
 
host countries themselves, with little or no need for donor
 
assistance.
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B. PROGRAMMATIC RECOMMENDATIONS
 

The recommendations are divided into Sections I through
 
VI. The one recommendation in Section I is a.pre-condition for
 
all of the others.
 

Section II contains recommendations whose
 
implementation should commence immediately.
 

Section III contains recommendations that should be
 
implemented in the 1988/89 locust and grasshopper control
 
program.,
 

Section IV includes high priority recommendations that
 
should be implemented with some urgency.
 

All four sections -- I through IV -- contain a set of
 
recommendations that are considered to be essential if AID is to
 
remain involved in locust and grasshopper control.
 

Sections V and VI contain recommendations that are
 
desirable but of a lower priority. The Sections differ in that
 
V1 cbn-tains recommendations that are related only to locust and
 
grasshopper control while the recommendations in Section VI have
 
a broader sweep and involve items that go outside of the narrow
 
locust and grasshopper control definition.
 

Although the Sections are numbered in order of priority
 
-- no priority is set within each Section where recommendations
 
are grouped by topic.
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SECTION I
 

Recommendation I 	 It is recommended that AID continue its
 
involvement in Locust Control.
 

This involvement should not be on an emergency basis,
 
but a long-term commitment with the objective of building up the
 
crop protection services of the host countries so that
 
eventually they are able to assume full responsibility for
 
locust control. Operationally the approach to be adopted should
 
be one of Integrated Pest Management. It needp 4o be emphasized

that the only (presently available) way of controlling locusts
 
and grasshoppers is the use of chemical insecticides.
 
Therefore, the use of present methods would continue, but with
 
the application of mitigative measures to minimize adverse
 
insecticide impacts on public health and the environment and a
 
commitment to adopt effective and economical non-chemical
 
methods that may become available in the future.
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SECTION II
 

As a pre-condition to many of the recommendations there
 
is an immediate need to take stock of the situation in the field
 
at the present time. To this end we would argue for
 
Recommendations 2, 3, and 4 being addressed as a matter of
 
urgency with implementation being started at the earliest
 
possible opportunity.
 

INVENTORY AND MAPPING
 

From an environmental standpoint the most urgent need
 
is to identify the areas that are environmentally fragile.
 
Therefore:
 

Recommendation 2 	 It is recommended that an inventory and
 
mapping program be started to determine
 
the extent and boundaries of
 
environmentally fragile areas.
 

These would be areas containing wildlife species of
 
particular concern, national parks, forest resources and
 
wetlands. This mapping needs to be done on a country-by-country
 
basis; only when it has been done can recommendation 5,
 
regarding areas that should be protected from spraying, be
 
implemented effectively.
 

Such an inventory and mapping will, of course, be of
 
use outside of the rather narrow confines of locust and
 
grasshopper control. It will be a resource that can be utilized
 
to address the environmental consequences of a wide range of
 
projects in the countries involved.
 

An equally urgent need is to address the pesticide
 
disposal issue. There are at present stocks of obsolete
 
pesticides from previous locust and grasshopper (as well as
 
other) campaigns in many of the countries of Africa. These
 
stocks can pose serious 	environmental problems. Therefore:
 

Recommendation 3 	 It is recommended that an inventory of
 
existing chemical stocks be made.
 

This inventory should look at existing stocks of
 
chemicals, the existing 	storage facilities, the disposal
 
facilities, the disposal procedures and laws, and chemical
 
accounting procedures.
 

It is also necessary, if AID is to remain in the locust
 
and grasshopper control program, for there to be better
 
information on the equipment, manpower and procedures that are
 
already in place, on a country-by-country basis. Without this
 
information it is difficult to evaluate the requests for
 
assistance when they are received. Therefore:
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Recommendation 4 	 It is recommended that an inventory of
 
manpower, procedures and equipment be
 
carried out.
 

This inventory would list the available equipment in
 
terms of planes, spraying equipment, vehicles; the availability
 
of trained manpower including technicians, chemists and
 
environmental scientists; the present environmental and public
 
health monitoring procedures and the state of the existing crop
 
protection service. This information is necessary before
 
recommendations 9, 10, 11, and 32 can be usefully implemented.
 

Recommendations 2, 3 and 4 can be commenced at the same
 
time by a single team. It is recognized that to try to
 
implement -these recommendations across the board, in all
 
countries where AID is involved in locust and grasshopper
 
control, would be an impossible task. Therefore it should be
 
commenced as soob as possible, on a pilot basis, in three or
 
four selected countries.
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SECTION III
 

Recommendations in this section should have immediate
 
application in any locust and grasshopper control that AID is
 
involved in during 1988 and thereafter.
 

MITIGATION
 

Recommendation 5 	 It is recommended that there be no
 
spraying in environmentally fragile
 
areas and human settlements.
 

Buffer zones of 5 km should be established around water
 
bodies and buffer zones of 15 km established around areas
 
containing endangered'species or in critical habitats.
 

The implementation of this Recommendation in an
 
effective manner is dependent upon Recommendation 2 being
 
implemented.
 

Outside of the fragile areas spraying needs to be
 
carried out with caution, bearing in mind that all pesticides
 
are toxic to species other than the target species. In no case
 
should aerial spraying of pesticides be conducted closer than
 
500 meters to aquatic recources. Every one of the pesticides
 
examined in this report are toxic to associated invertebrates
 
including non-target competitors, predators and
 
community/complex species. In addition, some of them are toxic
 
to mammals, birds or fish. Therefore:
 

Recommendation 6 	 It is recommended that pesticides used
 
should be those with the minimum impact
 
on non-target species.
 

Figure 8 indicates which pesticides have the most
 
effect on the different ecosystems. Those marked "yes" can be
 
used with caution in the ecosystem indicated. Those marked

"caution" should only be used with appropriate mitigative
 
measures and those marked "no" should never be used in the
 
environment indicated.
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FIGURE 8. PESTICIDE EFFECT IN AQUATIC AND TERRESTRIAL ECOSYSTEMS
 

Pesticide 	 Aquatic Terrestrial
 

carbaryl yes yes(1)
 
diazinon caution(3) caution(3)
 
dieldrin no no
 
fenitrothion caution(2) no(2)
 
lindane no no
 
malathion caution yes
 
propoxur 	 yes caution
 

acephate yes yes
 
bendiocarb yes(A) caution
 
chlorpyrifos caution caution (4)
 
cypermethrin no yes
 
lambda-cyhalothrin no yes
 
tralomethrin no yes
 

(1) not around bees
 
(2) this insecticide is 	highly toxic to birds
 
(3) conditional on the outcome of review presently under way
 
(4) testing and data very limited
 

In itself, the careful selection of pesticides and the
 
avoidance of spraying in environmentally sensitive areas is not
 
sufficient. Monitoring the impact of the spraying is also
 
necessary. Therefore:
 

Recommendation 7 	 It is recommended that post-treatment
 
monitoring and sampling of selected
 
organisms and water and soils be carried
 
out.
 

Whenever possible, pre-treatment baseline data for
 
selected organisms or parameters should be established.
 

APPLICATION
 

The approach to be adopted in application should be one
 
of limited, well-timed spraying of carefully designated areas.
 
With early intervention in the outbreak cycle utilized in order
 
to minimize the need for applications. In the case of the
 
Desert Locust, spraying should be concentrated on areas where
 
they assemble in gregarious waves prior to moving across
 
mountain barriers. Other species of locust can also be sprayed
 
in breeding and outbreak areas which are geographically
 
limited. In local control programs the use of baits should be
 
encouraged and supported. Therefore:
 

Recommendation 8 	 It is recommended that one 
of the
 
criteria to be utilized in the selection
 
of control techniques should be a
 
minimization of the area to be sprayed.
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Accuracy in spraying is essential, and ground treatment
 
should be favored over aerial treatment wherever possible.
 
Where aerial treatment is used:
 

Recommendation 9 	 It is recommended that helicopters
 
should be used when aerial treatment is
 
indicated and accurate spraying is
 
necessary, such as close to
 
environmentally fragile areas.
 

Recommendation 10 	 It is recommended that small planes
 
should, whenever possible, be favored
 
over large planes such as four-engine
 
transport type and that experienced
 
contractors be used.
 

Where aerial spraying is carried out, the following
 
guidelines should be followed:
 

o 	 Pilots and contractors who have demonstrated past,
 
proven performance should be selected. Contracts
 
should never be based solely on the basis of a low
 
bid.
 

0 	 Contractors who are able to provide the necessary
 
equipment and trained personnel, both local and
 
expatriate, to properly 	handle, load and
 
accurately spray the pesticide, should be
 
selected.
 

o 	 Mapping, guidance and communication must be in
 
place and adequate prior to any spraying.
 

With 	regard to the large plane option, it needs to be
 
recognized that this is not an environmentally sound approach to
 
locust and grasshopper control. There may however, be areas
 
that are only accessible to large planes and if they are to be
 
sprayed this might be the only option. Large planes should
 
always be regarded as the last resort to be used only when no
 
other approach is possible.
 

In order to adopt a careful, environmentally sensitive
 
approach to chemical control:
 

Recommendation 11 	 It is recommended that chemical control
 
efforts should be supported by a strong
 
technical assistance component.
 

This component should include specialists in survey,

aerial and ground control application, logistics, environmental
 
monitoring, communications and training. AID should also assist
 
host countries in setting up an adequate system of management
 
and accounting for chemicals.
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SECTION IV
 

The Recommendations in this Section are of high

priority and should be addressed as such. All of them should be
 
implemented if AID is to remain involved in locust and
 
grasshopper control.
 

DISPOSAL
 

One of the major environmental hazards growing out of
 
past locust and grasshopper control program, (as well as other
 
pest control programs), is the stock of obsolete and out of date
 
chemicals to be found in many parts of Africa. 
 (These include
 
BHC, aldrin, heptachlor and toxaphene.) Therefore:
 

Recommendation 11 	 It is recommended that AID provide
 
assistance to host governments in
 
disposing of obsolete pesticides.
 

This recommendation requires that an inventory of
 
chemicals first be carried out (see Recommendation 3).
 

PUBLIC HEALTH
 

An area that has been neglected in the past, but that
 
needs to be addressed is that of public health. Therefore:
 

Recommendation 12 	 It is recommended that training courses
 
be designed and developed for health
 
personnel in all areas where pesticides
 
are used frequently.
 

The purpose of these courses would be to familiarize
 
health workers with the 	symptomatology of pesticide poisoning

and provide information 	on appropriate measures for first aid,

specific treatment, prevention and referral to a hospital
 
center.
 

Recommendation 13 	 It is recommended that each health
 
center and dispensary located in an area
 
where pesticide poisonings are expected
 
to occur should be supplied with a large

wall pamphlet in which the diagnosis and
 
treatment of specific poisonings are
 
depicted.
 

Recommendation 14 	 It is recommended that presently
 
available tests for monitoring human
 
exposure to pesticides should be
 
evaluated in the field. This includes
 
measurement of cholinesterase levels in
 
small samples of blood as a screening
 
test.
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Special attention should be given to improving the
 
logistics for specimen collection and preservation. If the
 
presently available methods prove to be inadequate, attempts
 
could be made to develop a cheap semi-quantitative microtest
 
that 	could be distributed widely. The test for the direct
 
determination of pesticides and of their metabolites in urine
 
and blood should also be evaluated under different field
 
conditions.
 

CHEMICAL FORMULATION AND MANAGEMENT
 

There are, at present, problems regarding the
 
suitability of some formulation, labelling and packing of
 
chemicals for use in the countries where they are required for
 
locust and grasshopper control. Therefqre:
 

Recommendation 15 	 It is recommended that specifications
 
should be developed and adopted for all
 
AID purchased locust insecticides.
 

These specifications should state that these
 
insecticides be specifically formulated for storage and use
 
under tropical conditions. Specifications presently under
 
development by FAO might be suitable for AID use.
 

Recommendation 16 	 It is recommended that pesticide
 
container specifications be developed.
 

Containers need to be sufficiently durable for
 
transportation and storage under tropical conditions. Also the
 
size 	should be appropriate size for the end user, not just the
 
most 	economical size.
 

Recommendation 17 	 It is recommended that all containers
 

be appropriately labeled.
 

BIOLOGICAL CONTROL
 

If locust and grasshopper control is to move beyond
 
solely chemical control there is a need to test pathogens in the
 
field. At present the only one that shows promise is Nosema.
 
There is, at present, no evidence that Nosema can control
 
African or Asian locust and grasshopper populations. Therefore:
 

Recommendation 18 	 It is recommended that Nosema be field
 
tested under African conditions.
 

The research and testing should determine the following
 
for each target pest species:
 

o 	 Optimal application testing
 
o 	 Efficacy demonstrated in terms of population
 

suppression
 
o 	 Best application techniques
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TRAINING
 

AID is already active in the area of training and this
 
should continue. There are in which training
some areas 

progi'ams need to be instituted. Therefore:
 

Recommendation 19 	 It is recommunded that a training
 
program for scheduled USAID Mission
 
personnel who have responsibility for
 
control operations be developed.
 

Emphasis in this program should be on sound IPM
 
approaches and environmental concerns, including public health
 
and safety.
 

Recommendation 20 	 It is recommended that local programs
 
of training be instituted for Pesticide
 
store management, environmental
 
monitoring and public health (see
 
Recommendation 12).
 

ECONOMICS
 

A constant problem in trying to evaluate locust and
 
grasshopper control in economic terms 
is the lack of data. If
 
control measures are to be evaluated there is a need for this
 
data. Therefore:
 

Recommendation 21 	 It is recommended that field research
 
be carried out to generate economic
 
data.
 

Areas that will need to 	be addressed include:
 

o 
 What are crop outputs in a "normal" year and what
 
is the impact on the outputs from the normal
 
locust population?
 

o 
 What is the effect on output of an uncontrolled
 
locust swarm?
 

o 	 What amount of output is saved by the various
 
locust control measures?
 

o 	 What is the total cost --
 both local and donor -
of various locust control measures? 

The economic threshold for intervention needs to be
 
refined. AID has already contracted, with Oregon State
 
University, for work to 	be done in this area. 
For the present:
 

Recommendation 22 	 It is recommended that no pesticide
 
should be applied unless the
 
provisionsal threshold is exceeded by
 
pest numbers.
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SECTION V
 

The implementation of Recommendations in this Section
 
is considered desirable but are not of the same urgency as the
 
recommendations in the Sections above.
 

STORAGE
 

Storage for pesticides in many countries involved in
 
locust and grasshopper control programs is frequently
 
insufficent and inadequate. Therefore:
 

Recommendation 23 	 It is recommended that more pesticide
 
storage facilities be built.
 

FORECASTING
 

Any locust and grasshopper control program can be more
 
effective if good forecasting methods are developed. The most
 
promising methods of forecasting at present under development,
 
rely upon remote sensing. AID can opt for continuing to develop
 
the remote sensing methods for locust and grasshopper early
 
warning and environmental monitoring that it has been sponsoring
 
under its own aegis, or it can propose that locust and
 
grasshopper control teams use the services of the FAO's locust
 
early warning program and its upcoming part in the ARTEMIS
 
system. The first option gives AID more control over its data
 
and procedures, but at the expense of overseeing and funding the
 
effort. In the second case it would lose a certain amount of
 
control over the information, but gain access to a remote
 
sensing and pest early warning program that is already
 
semi-operational and apparently well advanced in program
 
planning. Therefore:
 

Recommendation 24 	 It is recommended that AID make a
 
decision as to whether to continue
 
funding forecasting and 	remote sensing
 
or utilize the FAO's early warning
 
program.
 

If the decision selects the FAO option, then good
 
liaison needs to be set up to ensure that FAO provides good, on
 
time information to locust and grasshopper control programs.
 

PUBLIC HEALTH
 

There is a need to develop more information on the
 
public health impact of pesticides in the countries where the
 
locust and grasshopper spraying is being carried out. Health
 
and nutrition in many of these countries is markedly different
 
fromt that of the industrialized world and the impact on the
 
human population could be very different. Therefore:
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Recommendation 25 It is recommended that a series of
 
epidemiologic case-control studies,
 
within the countries involved in locust
 
and grasshopper control, should be
 
implemented in areas of heavy human
 
exposure to pesticides.
 

Cases with and without specified conditions should be
 
studied for differences in the degree of pesticide exposure and
 
ability of effective detoxification. He-Ath conditions to be
 
considered may include symptomatic schistosomiasis, chronic
 
hepatits, HB antigenemia, pregnancy and birth defects,
 
symptomatic vs. asymptomatic vitamin A deficiency, etc.
 
Likewise, a retrospective comparative study between cases with
 
symptomatic pesticide poisoning and asymptomatic control
 
subjects heavily exposed to the same pesticides should be made
 
to identify possible risk factors. Hypothetically, the
 
following health conditions could be considered as pre-disposing
 
factors that decrease pesticide tolerance: skin lesions,
 
malnutrition, vitamin A deficiency, pica (earth eating), and
 
chronic liver diseases,
 

RESEARCH
 

There is a need for applied research in locust and
 
grasshopper control, especially in the area of efficacy of
 
various chemicals. Therefore:
 

Recommendation 26 It is recommended that applied research
 
be carried out into the efficacy of
 
various pesticides and their
 
application.
 

Specific areas to be addressed include:
 

o bendiocarb as bait
 
o chlorpyrifos as barrier spray
 
o carbaryl as barrier spray
 
o carbaryl as bait
 
o acephate on dry vegetation
 
o propoxur as liquid spray
 

There is also a need to determine how effective
 
anti-feedants can be as part of an IPM approach to locust and
 
grasshopper control. At present the anti-feedant that shows
 
some promise is Neem. Therefore:
 

Recommendation 27 It is recommended that applied research
 
be carried out on the use of Neem as an
 
anti-feedant.
 

One area in which we require more information is that
 
of the impact of organophosphates in relation to their use with
 
other chemicals. Therefore:
 

ExS-40
 



Recommendation 28 
 It is recommended that research be
 
carried out to determine the best
 
techniques for assessing the impacts of
 
organophosphates used for locust and
 
grasshopper control in relation to the
 
use of these and other chemicals for
 
other pest control programs.
 

ExS-41
 



SECTION VI
 

The Recommendations in this Section are of the same
 
priority as those in V but different in that they are broader,
 
having implications well beyond any locust and grasshopper
 
control programs.
 

ENVIRONMENTAL POLICY
 

Many of the countries involved in locust and
 
grasshopper control programs have no policies regarding the
 
environment, or the use and registration of pestinides. This is
 
an areas where the USA is in the forefront and where AID could
 
provide invaluable encouragement, expertise and assistance.
 
Therefore:
 

Recommendation 29 	 It is recommended that AID should
 
provide assistance to host countriLi in
 
drawing up regulations on the
 
registration and management of
 
pesticides and the drafting of
 
environmental policy.
 

PESTICIDE USE POLICY
 

Locust and grasshopper control is just one of the many
 
prgorams responsible for spraying pesticides. Other programs,

both health and agriculture-related are also involved in
 
spraying. Pesticide effects are cumulative and there is a need
 
to develop better information on the extent of and effects from
 
spraying. Therefore:
 

Recommendation 30 	 It is recommended that a pesticide use
 
inventory covering all chemical spraying
 
is both agricultural and health programs
 
be developed.
 

The inventory should then be utilized in the evaluation
 
of health effects, loss of bio-diversity and the need for
 
specific monitoring.
 

HANDBOOK
 

AID might consider the production of a pesticide

handbook with application beyond the Locust Control program

laying out policy, planning and implementation for AID programs
 
involving pesticides. Therefore:
 

Recommendation 31 	 It is recommended that AID should
 
produce a pesticide handbook for use by
 
its staff.
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SUPPORT AND TRAINING
 

If the objective for the individual crop protection
 
ser'ices of each country eventually accepting the responsibility
 
of controlling locusts within the context of a broader crop
 
protection is adopted, then long-term support will be necessary
 
which will include some technical assistance, graduate training,
 
and equipment. Therefore:
 

Recommendation 32 	 It is recommended that technical
 
assistance, graduate training and
 
equipment be provided crop protection
 
services of host countries with a view
 
to making the services eventually

self-sufficient.
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LOCUST AND GRASSHOPPER CONTROL IN AFRICA/ASIA
 

EXECUTIVE SUMMARY AND RECOMMENDATIONS
 
Addenda
 

Addendum to Recommendation 6
 

First sentence should read as follows:
 
"Figure 8 indicates which pesticides have minimal
 
impact on non-target organisms for different
 
ecosystems."
 

Title for Figure 8 should read:
 
"Relative Safety (Minimal Impact) for Non-Target
 
Organisms from use of Selected Pesticides in
 
Aquatic and Terrestrial Ecosystems."
 

Addendum to Recommendation 23
 

For those pesticides indicated in Recommendation 6
 
(Figure 8) as being considered to have a relative minimal
 
adverse impact on non-target organisms, therefore preferable for
 
control when used with caution, prepositioning of supplies in
 
the U.S. for availability for shipment to emergency and/or other
 
areas in Africa/Asia requiring control is preferred over
 
prepositioning or storage in Africa/Asia because:
 

A. 	 No particular African/Asian country would be
 
burdened with the responsibility for ensuring
 
environmental or health or safety standards, i.e.,
 
guarding against potential hazzards of storage.
 

B. 	 Emergency outbreak areas are often unpredictable,
 
thus secondary or further handling/shipments would
 
be likely if pesticides were stored/prepositioned
 
in selected African/Asian countries.
 

C. 	 From the U.S., one primary shipment to the target
 
areas for control would be made, i.e., ready
 
availability and direct shipments.


D. 	 Environmental, health, and safety concerns could
 
be better addressed and monitored in the U.S.
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PROPOSAL
 

Rodent Pest Management Research and Control 
in West Africa
 

EXECUTIVE SUfMMARY
 

This document-is an outgrowth of the recognition of the need 
to develop a

data base for objectively implementing effective rodent control operations

in the Sahelian countries of West Africa. 
 The potential for a rodent out
break for this region of Africa had been predicted in 1984, but no plan had

been formulated to respond. The outbreak became a reality in 1986, and
1987 disaster situations were declared in Sudan and Chad, and additional 

in
 

major outbreaks occurred in Senegal, Mali, 
Niger, and Mauritania. The need
 
for information was particularly evident as the U.S. Agency for 
International
 
Development (USAID) was 
asked in 1987 to respond to numerous emergency

requests for operational technical assistance to control 
rodent outbreaks
 
throughout the Sahelian countries with very little understanding of the pest

species, bait preference, and damage potential. 
 The Denver Wildlife Research
 
Center (DWRC) implemented five consultancies to five countries between April
1 and November 10, 1987. From observations, field experience, discussions,

and reports 
it is clear that programs to increase agricultural production in

Sahelian countries must include components for rodent pest management

research, training, and extension.
 

Rodents are an important pest problem to agriculture during their periodic

irruptions. However, their chronic damage may be 
even greater. Losses by

rodents to pre- and postharvest agriculture on 
small farm holdings are often
 
perceived to be sufficiently serious to slow rural 
development and inhibit
 
the adoption of new farming techniques. Increasing food production is

ineffective for feeding growing populations if vertebrate pests (particularly

rodents) continue to harvest the crops. 
 Rodent pest management is a needed
 
complement to the ongoing entomological and plant pathological efforts in
 
Sahelian countries 
and would complete the plant protection program for
 
increasing agricultural production.
 

We, therefore, propose 
a 2-year rodent pest management project, funded for 
a

total of $538,594. Scientifically objective information for conducting

effective, economical, and environmentally sound rodent control management

by traditional farmers to reduce damage to 
agriculture would be the expected

end result of the project. 
 The thrust of the project would be on practical,

appropriate, field-applied research and technology. 
Technical assistance
 
would have components for research, operational control, and extension
 
training.
 

If the projert were extended beyond the initial 2 years proposed in this
 
document, it would document acute 
versus 
chronic crop losses; establish a

regional monitoring network to predict rodent population increases, 
so as to

mobilize control 
programs before crises arise; begin evaluating the impact

of rodent control campaigns on 
the environment; and institutionalize a rodent

research, control, 
and training program in participating Sahelian countries.
 
In contrast to the resources 
spent by USAID between April-November 1987 on
the rodent outbreak, this institutionalization would provide long-term,

tangible benefits for relatively little financial aid in providing materials
 
and assistance to alleviate the rodent outbreak.
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DEFINITION OF RODENT PEST MANAGEMENT
 

Rodent pest management is the 
use of one or more selective methods that
 
cost-effectively reduce the impact of rodents on man or 
his activities.
 
This is achieved by excluding 
or reducing responsible rodent populations. A
rodent pest impacts man 
by transmitting disease, consuming, contaminating,

or damaging food products, damaging structures, or being a nuisance.
 

1.0. Project Description
 

1.1. Goal and Purpose
 

The Project Goal is to increase food availability for humans. The
 
Project Purpose is to help developing countries improve their
 
capabilities 
to develop and utilize rodent pest management systems

that will reduce pre- and postharvest losses, thereby increasing food
 
available. The ultimate aim of this 
rodent pest management research
 
program is to develop safe, effective, and economical control methods
 
which are suitable and practical for traditional farmers and acceptable

in the broader context of agricultural development. 
A self-sustaining,

in-country program is the expected end result of this project.
 

1.2. Perceived Problem: 
 Food Losses and Diseases
 

About one-half of the world's population is actively engaged in
 
agriculture. In spite of many advances in agricultural technology,

millions of people in developing countries still suffer from hunger,

malnutrition, and starvation. Historically, less effort has been
 
expended on reducing pre- and postharvest losses due to rodent pests

than on lowering damages due to plant diseases 
and insects. In recent
 
years, the impact of rodent depredations to agriculture has attracted
 
more interest in developing nations. It has become 
increasingly

evident that rodent pests play 
a major role in limiting agricultural

production. In many developing countries, farmers have informed
 
surveyors and extensionists that rodent pests are 
their most critical
 
problem. 
 This became clear during the 1987 rodent outbreak in Sahel
 
countries of West Africa. This outbreak followed 
a drought from 1980
 
to 1984 and good rains in 1985; similar outbreaks occurred in the

1960's and 1970's. In Sudan, several crops, crop stages, 
and rodent
 
species were involved. However, generally the problem was 
twofold:
 
(1) arid-tolerant, seed-eating rodents (Tatera spp., 
Jaculus spp., and
 
probably Gerbillus spp.) were attacking seeded fields, and (2) arid
intolerant species (Praomys spp. 
 Mastomys spp. and Arvicanthis spp.)

were attacking maturing crops and harvested grains. Crop damage was
 
as high as 65-100% in some areas. In western Sudan, the Plant
 
Protection Department applied over 
1,500 t of 1% zinc phosphide bait
 
in June and July. Plans also were made for the distribution of about

660 t of warfarin bait to be distributed in about 8,000 villages in
 
western Sudan. Other sites were 
treated with brodifacoum.
 

Increasing food production is one of the most 
important challenges

facing mankind. In some developing countries the disparity between
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available food and population is both widespread and acute, despite 
the fact that about one-half of the world's population is actively 
engaged in agriculture. Millions of people in scores of nations still
 
suffer hunger, malnutrition, and starvation. The reasons are many and
 
complex, but certainly vertebrate pests (primarily rodents and birds)
 
are important factors. Historically, they have not received the degree
 
of attention given to other agricultural pests so that, with few
 
exceptions, little reliable information on the species involved, degree
 
of damage, and the economic impact, is available.
 

USAID recognized the role of vertebrate depredations to agriculture in
 
developing countries and has supported a research program at DWRC
 
since 1967 under Participating Agency Service Agreements (PASA's) as
 
provided for in Section 632B of the Foreign Assistance Act of 1961, as
 
amended. The program goal is to eva-luate vertebrate damage situations
 
and, when circumstances warrant, develop methods to reduce or eliminate
 
the damage. For many years, DWRC has been recognized as a leading
 
organization in researching vertebrate pest damage problens and
 
developing useful tools for vertebrate pest management. its problem
solving team approach has led to developing and using new methods, 
materials, and techniques for vertebrdte pest control, resulting in
 
monetary savings in several developing countries. A previous recent
 
Project Evaluation Summary (PES submitted to AID/Washington January 15,
 
1981) recognized the excellence of the DWRC project and recommended
 
that "AID should view VPC (Vertebrate Pest Control) technical
 
assistance and supporting research not only as a high priority item,
 
but also as one requiring a much longer time frame than has been
 
previously presented in project documents reviewed in their
 
evaluations." The evaluation also stated that "The current project
 
has demonstrated the feasibility and cost effectiveness of increasing
 
the food supply and protecting food stocks by means of integrated
 
vertebrate pest control."
 

Although precise estimates are difficult to derive, rodent pest losses
 
in developing countries unquestionably total at least $500 million
 
annually. Damage caused by rodent pests occurs in the pre- and/or
 
postharvest stages of nearly all crops. Listed below are a few
 
examples of estimated annual preharvest losses (except for rice in 
storage listed as the second crop in Bangladesh) that occurred befo e
 
AID initiated the vertebrate pest control program in developing
 
countries (DWRC Annual Reports are available for reference).
 
Postharvest losses are often devastating for.the individual farm
 
family, since the family may be almost totally dependent for sustenance
 
on th:e harvest and its safekeeping. Rodent pests also play a
 
significant role in spreading human and domestic animal diseases.
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Estimates of some annual economic losses to rodent pests (source:
DWRC research publications and Annual Reports, 1977-1986).
 

$ loss
 
Country/Region Crop 	 Pest (inmillions)
 

Bangladesh 	 Rice (in field) Rats 128
 
Rice (instorage) Rats 161 
Wheat Rats 15 

Philippines 	 Rice Rats 60
 
Coconut Rats 192
 
Sugarcane Rats 31
 

Haiti and
 
Dominican Republic 	 Agricultural crops Rats and birds 30 

Village studies in the Philippines found that grain was being consumed 
and damaged by rodents in 54-75% of the storage facilities. Among 25
 
Bangladeshi farmers 	 surveyed, losses of stored foods to rodents 
averaged 5.6% per year, or the equivalent of $59 per household
 
annually. Studies by FAO specialists in Liberia indicated average
losses of rice to rats in farm storage between 3.5-7%. Rodents
 
fequently eat the nutritionally rich germ of the corn kernel, thus,
depriving the small 	farmers of viable seeds and/or improved nutrition.
 
This is particularly critical to farmers in Africa where quality seeds 
may not be readily 	available. Contamination of stored foods with
 
urine, feces, and hair of rodents not only reduces the quantity
available, but also reduces the quality. This results in a lower sale
 
price for the commodity.
 

The susceptibility of stored food to attacks by insects and molds is 
increased by the infestation of rats and mice. The magnitude of
 
loss-enhanced infestation and infection is ur.known, but the impact

obviously is greatest on those who can afford it least--farmers for
 
whom grain is the staple food. The economics of all of these losses
 
have not been sufficiently determined.
 

AID funded vertebrate pest projects prior to 1983 have dealt mostly

with preharvest problems; therefore, less information is available at
 
DWRC on postharvest losses. However, DWRC has been able to identify
 
some losses during postharvest periods. In Pakistan, three studies
 
have shown the impact of rodents and other vertebrate pests on stored
 
grain. In 1987, 56 small warehouses were surveyed at 21 Pakistan
 
Agricultural Storage and Services Corporation, Limited (PASSCO) grain
 
storage centers in Punjab Province, and 90 outdoor platforms on which

bagged wheat is stored under tarpaulins were examined at 25 centers. 
Vertebrate pest infestations were seen- at 22 of the 56 warehouses and 
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at all of the 90 platforms examined. Only 4 rodent infestations were
 
found indoors, while at outdoor platforms, 72 of the 90 were infested.
 
Rodents in the outdoor storage areas were Tatera indica, Mus musculus,
 
Meriones hurrianae, Nesokia indica, Bandicota bengalensis, Rattus
 
rattus, and Millardia meltada.
T Wild boar (Sus scrofa) damage was
 
noted in two platforms. Bird infestations occurred at 21 of the 56
 
warehouses and at all 90 of the outdoor storage platforms.
 

Small warehouse structures and storage bins (N = 349) at provincial
 
grain storage centers in the four provinces in Pakistan were inspected

for vertebrate pest damage. Vertebrate pest infestations were recorded
 
at 304 structures (87.1%). Rodent infestations were seen in 87
 
structures; 61 were due to house mice (M.musculus), and 2 to striped
 
squirrels (Funambulus pennanti). Rodent infestations were frequently

of more than one species. Bird infestations were more common,
 
occurring at 236 structures, principall'y dueto house sparrows (Passer

domesticus) and common pigeons (Columba livia). Few infestations,
 
either of rodents (2)or birds (3), were recorded as severe. Even
 
here, grain losses would not have exceeded 0.1-0.2% of total grain
 
storage over a 9-month period.
 

Finally, eight shops in the wholesale grain market in Rawalpindi were
 
trapped for rats. A total of 356 roof rats (R.rattus) was removed
 
during 880 trap nights. The population estimate based on a least
 
squares linear regression of the cumulative number of captured rats
 
each day was 800 rats. Accepting 800 rats as the original 2opulation,

the density of rats was 100 per grain shop (average 25-35 m floor
 
space). This number of rats can consume 1,260 g rice per night, or
 
460 kg/grain shop/year. Amounts lost from spillage and contamination
 
seem to be equal to the amount consumed by the rats.
 

In one laboratory study over a 5-month period at DWRC, a moderate
 
infestation of mice contaminated with their urine about half of the top
 
10 cm (4 in) of stored wheat, and each animal consumed 440 g (about

1 lb) of grain. These contaminations can result in debilitating and
 
fatal human diseases such as amoebiasis, angiostrongyliasis, hepatic
 
capillariasis, leptospirosis, lymphocytic choriomeningitis, murine
 
typhus, and salmonellosis. In addition, the handling, use, and
 
consumption of rodent-contaminated food may result in botulism,
 
Argentine or Bolivia hemorrhagic fevers, histoplasmosis, Lassa fever,
 
yersiniosis, or even bubonic plague. Leptospirosis is common among

workers in rice and sugarcane throughout the world. Rats destroy eggs

and young chicks. In Cuba, in 1979, rats infesting cool storage

destroyed thousands of dozens of eggs ready for distribution. This is
 
only a more costly example of such known instances.
 

1.3. Objectives
 

The proposed 2-year project with a DWRC resident Wildlife Biologist

will be established in a country in West Africa (for example, Chad)
 
and could serve at least three other regional countries. The proposed

project objectives will be to conduct research with appropriate

counterparts and collaborators to provide effective crop protection
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recommendations. Specific tasks to be carried out are scheduled in
 

Appendix I and will include the following:
 

First year
 

(1) 	Organize laboratory and office space and facilities and obtain
 
equipment and supplies.
 

(2) 	Initiate surveys to identify pest species and assess the economic
 
importance of damage in affected agricultural crops.
 

(3) 	Identify and prioritize rodent pest problems in host country
 
according to their nature, extent, and importance.
 

(4) 	Begin to assess and quantify chronic rodent populations and crop
 
losses for comparison with periodic rodent irruptions.
 

(5) 	Conduct basic studies to test efficacy, cost-effectiveness, and
 
cultural acceptability of various known rodent control techniques
 
against damage to flood recession agriculture and vegetable crops.
 

Second 	year
 

(1) 	Continue to accumulate data from population monitoring and damage
 
assessments in host country and begin to expand similar
 
appropriate work into different crop/rodent pest situations.
 

(2) 	Develop, adapt, or improve rodent damage control systems,
 
including evaluation of toxicants, baits, and baiting techniques.
 

(3) 	Present seminars (as appropriate).
 

(4) 	Conduct one 2-week training workshop.
 

(5) Conduct project review to determine benefits derived from the
 
project, and decide in what context and how to best continue
 
project activities (see APPENDIX II for possible outputs from
 
project continuation).
 

(6) 	Begin to develop materials for a much needed rodent biology and
 
management manual for the Sahel.
 

(7) 	Begin
 

- developing recommendations for a long-term rodent control
 
strategy in priority crops;
 

- training personnel in new and improved rodent control
 
techniques;
 

- determining the impact of rodents on stored grain; and
 

- disseminating information.
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1.4. Outputs
 

(1) 	Significant contribution to the body of knowledge about rodent
pest depredations in preharvest agriculture in the Sahelian zone
 
of Africa.
 

(2) 	Useful identification of important preharvest rodent pest species
and crops that are significantly damaged through systematic

collection of rodents from important agricultural areas.
 

(3) 	Sufficient field and laboratory evaluations of known rodent
control methods to develop practical methods for specific rodent
pest situation based on efficacy, cost:benefit, and cultural
suitability. 
This will include traditional African methods,

chemical and nonchemical methods, and cultural practices.
 

(4) 	Adequate identification and description of rodent pest problems
in the Sahel for establishing logical future research priorities

that 	will lead to practical solutions.
 

(5) 	Identified preliminarily appropriate, effective, cost-beneficial,

and safe rodent pest management materials and methods.
 

(6) 	Expanded awareness 
in Sahelian developing countries of chronic
 
and 
irruptive rodent pest populations and problems.
 

(7) 	Assessment of the economic 
impact of chronic rodent crop damage
in selected areas 
based on newly developed or adapted damage

assessment techniques.
 

(8) 	Widely disseminated results from rodent pest research in the

Sahel and the developing countries.
 

(3) 	Personnel trained in participating countries by actively engaging
them in design, development, evaluation, extension, administration, and implementation of vertebrate pest management systems.
 

(10) Unpublished technical 
and quarterly reports and published peer

reviewed scientific documents.
 

-(11) Expanded awareness 
of Crop Protection Services in networking
countries for implementing control during future outbreaks.
 

If the project were extended beyond the initial 
2 years proposed in
this 	document, it would begin to document acute 
versus chronic losses;
establish a regional monitoring network to predict rodent fluctuations
or rigid population increases, 
so as to mobilize control programs
before crises arise; begin evaluating the impact of rodent control
campaigns on the environment; monitoring pest rodent populations
the host country and regional countries to develop data for future 
in

use
in forecasting field damage problems annually and prior to 
irruptions,
and institutionalize a rodent research, control, 
and training program
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in participating Sahelian countries (Appendix II). In contrast to the 
resources spent by USAID between April-November 1987 the rodenton 
outbreak, this institutionalization would provide long-term, tangible 
benefits for relatively little financial input. 

1.5. Rationale 

Only a few developing countries worldwide have effected research
 
operations or extension programs in rodent pest management. In the
 
Sahel, relatively few nationals are professionally trained in rodent
 
pest control. Failure to protect crops and agricultural produce from
 
rodent depredation often precludes or limits adaptation or new develop
ments in agricultural technology for improving yields or increasing
 
the availability of food. However, lacking adequate personnel trained

in rodent pest technology and management, many developing West African 
countries cannot systematically describe problems. Similarly, it is
difficult to evaluate suitable control agents, judge effectiveness of 
control methodologies, or determine other factors relevant to pre- and 
postharvest rodent damage situations in major staple crops and
 
commodities. Consequently, attempts at dealing with these problems 
are generally inadequate. Materials and methods being used 
are
 
frequently untested and often unsuitable, especially for the specific 
pests, crops, field and storage conditions, and the cultural practices
 
of the small-farm family. 

African rodent problems have been periodically severe and annually
 
important for decades. Little information on agricultural losses and 
rodent control techniques is available. The 1987 rat outbreak in the 
Sahel has again gained the attention of government officials and donor 
agencies. Planning emergency rat control operations has required much 
guesswork. With little precedent, decisions requiring immediate action
 
as to which management method, chemical (rodenticide), or bait to use 
were difficult. From this perspective, virtually all agricultural
 
rodent pest research will be innovative or original.
 

The DWRC consultancies to the Sahel during 1987 elucidated the need
 
for midterm and long-term research leading to cost-effective and 
environmentally safe rodent control methods. 
 Traditional trapping

methods using clay jars and "attractants" such as peppers obviously
 
cannot be effective in outbreak situations. Other rodenticides as
 
well as physical and ecological damage control methods are also 
largely untested to prevent rodent damage to African field crops.
 

Adequate lead time to prepare for major outbreaks and seasonal chronic 
damage situations is essential in Africa. Monitoring pest rodent
 
populations and forecasting field damage problems can be the basis for 
effectively responding to rodent outbreaks. The potential gains in 
food production from effective rodent control are great. Such control 
requires more information, new or adapted practical control technology 
usable by African farmers. This approach has worked well at DWRC 
field stations in Asia where there was a long-term commitment of funds 
by AID.
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Project activities will build on 
but not duplicate previously obtained
ecological and biological information on rodents to develop applied
management strategies. The sustained 
implementation of proper monitoring, appropriate forecasting, effective rodent control methods and
effective extension will consistently mitigate chronic and periodic
rodent irruptions in food production. Likewise, improvements in crop
protection will 
directly benefit government production schemes,
experimental agricultural stations, 
seed production centers, and
commercial farms. 
 Host government agencies participating in the
program also will be direct beneficiaries of the project through the
training of specialists in Sahelian countries 
to address these rodent
 
pioblems.
 

In recognition of the economic and social 
need for managing rodents,
this project can 
assist Sahelian country governments in reducing

chronic and acute agricultural 
losses to rodents and in closing the
gap between available and required food supplies. Failure to protect

crops from vertebrate pescs means 
that other new developments in
agriculture technology for improving yields may not reach their full
potential. Without this protection, other costly inputs to
agricultural production may be wasted if pests 
are allowed to destroy

pre- and postharvest commodities.
 

1.6. Networking
 

Many governments of Sahelian developing countries have recognized the
significance of rodent damage and have requested assistance to reduce
 pre- and postharvest losses. 
 The same or similar crops and pest
species occur in many countries of the region. 
 Similar research needs

exist in these countries for problem definition, control methods
evaluation, and 
control recommendations. The approaches previously
developed and used in rodent pest situations by DWRC biologists will
be applied to Sahelian rodent problems. Species identification, damage

surveys, 
estimation of economic losses, determination of population
dynamics, and agronomic practices will be conducted. This research

will 
guide the selection of particular rodent control methods and

techniques to develop appropriate management strategies.
 

This project intends 
to exploit these common needs by promoting
subdivision of research in suitable countries and sharing results

within the region. This approach will decrease the total 
amount of
effort needed while increasing the speed and efficiency in attaining


.regional recommendations. 
 The project will serve as 
a catalyst in
promoting information exchange. 
 Without the necessary project funding,
this network will 
not likely develop.
 

Profitable research results will 
be transferred within the region via
networking. During the first 2 years, this will 
include organizing a
workshop, beginning development of a training manual, 
and possibly an
interchange of workers among certain countries. 
 The distribution of
publications from scientific journals, proceedings of workshops or
symposiums, and annual reports sumarizing project outputs will enhance
 

9
 



technology transfer. DWRC annually distributes between 1,000 and
 
2,000 technical reports and scientific documents to individuals and
 
organizations in more than 50 countries.
 

2.0. DWRC Experience and Capabilities
 

2.1. DWRC 1987 Rodent P r*vities in the Sahel 

In September 1984, AID Missions in Africa were alerted by DWRC and the
 
USAID Bureau for Science and Technology (S&T) to the possibility that
 
a major rodent outbreak would probably occur at the end of the drought.

Missions were advised to plan for this 
occurrence by supporting the
 
development of appropriate control methods for Africa. 
The potential

rat outbreak became reality in late 1986, 
and by July 1987, disaster
 
situations were officially declared in Sudan and Chad, with additional
 
major outbreaks reported in Senegal, Niger, Mali, 
and Mauritania.
 

The DWRC, along with USAID, the Food and Agriculture Organization of
 
the United Nations (FAO), 
German Society for Technical Cooperation

(GTZ), host governments, and other donor agencies including private

voluntary organizations responded to requests for materials and
 
technical assistance. The equivalent of several million dollars was
 
undoubtedly contributed by donor organizations in response. Four DWRC
 
scientists worked in five Sahelian countries between April 
and November
 
1987. G. Keith LaVoie surveyed rodent problems in Senegal, Chad, Mali,

and Burkina Faso between May 9-June 25; Lynwood A. Fiedler visited
 
Sudan between April 1-21 and August 16-September 14; James 0. Keith
 
visited Sudan between July 13-August 17; and G. Clay Mitchell was in
 
Chad between October 10-November 10. All individuals evaluated rodent
 
control methods and provided technical assistance and training to the
 
respective Ministry of Agriculture (MOA) personnel during their rodent
 
control operations.
 

2.2. Rodent Control Research at DWRC
 

At DWRC, IPS is currently conducting or developing research studies
 
with scientists from developing countries in the following areas 
of
 
rodent damage research:
 

(1) 	Developing literature data bases from consultancies, computer

searches, conference participation, and personal contacts with
 
African nationals and cooperating scientists to define rodent
 
pest problems in Africa.
 

(2) 	Developing improved toxicant delivery systems using locally

available gel and delivery system materials that will 
subsequently
 
deliver a lethal rodenticide dose during grooming behavior to
 
contaminate rodent pests. Rodent pests frequently consume
 
sublethal doses of rodenticide and develop bait shyness. The
 
development of these kinds of improved rodenticide delivery
 
systems may prove more efficacious and less hazardous to humans
 
and domestic animals than those currently available. For example,
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most rodents groom foreign substances contaminating their fur.
 
An alternative approach to dispersing rodenticides in fields may
 
be to incorporate them into tacky materials that could be placed
 
in burrow systems so that rodents become contaminated during their
 
daily movements. Contaminated rodents would then ingest the
 
rodenticide during grooming. Such a delivery system might
 
maintain efficacy over a long time period and reduce potential
 
hazards because it is not a food-based delivery system and is
 
confined to burrows away from children and domestic animals.
 
Rodenticides that have been unsuccessfully used in traditional
 
bait formulations may be successful when used in a grooming
 
formulation (work being conducted with Dr. Sohail Suliman,
 
Egyptian Postdoctorate).
 

(3) 	Developing a toxicant delivery system utilizing rodent grooming
 
behavior applicable to Bandicota bengalensis for controlling
 
rodents near or in burrows in field damage situations in
 
Bangladesh (work being planned with Mr. Sayed Ahmed, Bangladesh,

Ph.D. candidate at Colorado State University).
 

(4) 	Developing a control strategy to reduce postharvest losses to
 
stored grain, based on modeling procedures using data presently
 
being collected in Bangladesh on monthly storage patterns and
 
trends in adjacent house and field rodent populations (work being
 
planned by Mr. Yousuf Mian, Bangladesh, Ph.D. candidate at
 
Colorado State University).
 

All these research activities will have direct application to rodent
 
pest problems and control methods in the Sahel. In addition, DWRC
 
scientists working to solve domestic animal damage control problems
 
(ADC) are currently involved in various stages of meeting data call-ins
 
to the U.S. Environmental Protection Agency (EPA) for continued or 
new
 
use pesticide registration. These include, among others, gas
 
cartridges for burrowing rodents, zinc phosphide for field mice,
 
orchard mice, rats, prairie dogs, and ground squirrels, strychnine for
 
ground squirrels, kangaroo rats, cotton rats, and pocket gophers.
 
This work is entirely complementary with proper use of EPA-registered
 
materials in similar use situations in Sahelian environments.
 

2.3. DWRC Rodent Research at Project Field Stations
 

DWRC field stations in Bangladesh and Pakistan are currently
 
investigating vertebrate pest problems including rodent problems in
 
agricultural crops and storage.
 

Ban ladesh: Rodent pest identification, density, and damage are being
 
monitored in selected cropping areas to develop appropriate control
 
strategies. A strategy to reduce stored grain losses on individual
 
farms is being developed based on regular systematic sampling of
 
rodent species and population densities related to seasonal trends.
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Pakistan: Rodent abundance, feeding patterns, and damage to wheat,

maize, and groundnuts is being studied, and potential chemical
 
toxicants are being evaluated 
to develop effective control techniques

appropriate for both field crops and storage facilities in Pakistan.
 
Likewise, rodent species identification, reproduction biology,

estimates of infestation, and losses 
are being determined in farm
 
houses and large government warehouses to provide data for developing

control recommendations for each type of grain storage facility.

Training courses 
on rodent control, one for farmers 
and one for grain

storage specialists are 
regularly being conducted. Video cassettes
 
and vertebrate pest handbooks are being developed to 
facilitate
 
extension.
 

2.4. DWRC 1988 Rodent Research in the Sahel
 

As a result of DWRC participation in the 1987 rodent outbreak in the
 
Sahel, and the immediate need to begin preparing for similar future

outbreaks, 
several followup research activities are needed. These
 
activities will be accomplished by short-term TDY's during appropriate

cropping seasons in 1988 (Appendix III). They will be initial steps

toward objectively and systematically collecting data that can 
be

statistically analyzed to begin providing 
some much needed information
 
relative to pest species identification and improved control
 
techniques. Funds previously given by the Africa Bureau to DWRC will
 
be used for this work.
 

These TDY's will also assist DWRC scientists to prepare for the

logistical implementation of 
this 	proposed 2-year project relative to
 

(1) 	identifying potential project headquarters and preparing lists of

logistical,-equipment, and other material 
needs; and
 

(2) 	developing cross linkages within the host country and 
among

regional countries with appropriate organizations and institutions
 
for future cooperation in areas 
of mutual interest;
 

and the development of a scientific data base for
 

(1) 	preparing a detailed analysis of rodent pest problems 
to pre- and
 
postharvest agriculture in the host country and the region to
 
establish work priorities for the Resident Biologist phase; and
 

(2) 	initiating preliminary studies in regional countries 
to identify

pest 	species, assess 
damage, determine bait preferences, and
 
compare toxicant effectiveness.
 

3.0. 
 Factors Affecting Project Selection and Further Development
 

3.1. Social Considerations
 

Impact on Women: 
 Women benefit directly and indirectly from this
 
program in a number of ways. 
 First, women are greatly involved in the
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farming, storirg, marketing, and protection activities of small farm
 
crops. Any effort to 
reduce losses to pests, either through

consumption or spoiling, would allow greater return 
on their labor and

assist them in more adequately feeding their families. 
When
 
agricultural diversification takes place, such 
as growing vegetables

and fruit as commercial produce, women frequently assume 
control of
 
these. Both marketing and horticultural activities are female
 
endeavors. Secondly, governments of Sahelian countries 
are
 
increasingly promoting the education, training, and participation of
 
women 
in some specialty technical fields. Efforts will, therefore, be
 
made to assist host country and participating regional country

governments in selecting qualified women for positions 
in the project

and for training at all project levels.
 

Technology Sophistication and Farmer Response: 
 Any proposed program

must be geared toward the needs and understanding of subsistence and
 
small farmers rather than large commercial producers. New ideas and

techniques must be presented verbally, visually, and conceptually in
 
such a way that the potential advantages are obvious. Complicated

techniques developed under laboratory conditions that cannot easily be
 
grasped by farmers are doomed to failure. Poisons, in particular,

should be used with utmost caution given the peasants' inexperience

and lack of knowledge about toxic chemicals. Many farmers cannot read
 
or follow label instructions and have no understanding of the slow,

long-term health damage poisons 
can induce. Farmer education, low
 
costs, and success demonstrations should be elements of any vertebrate
 
pest program involving toxic substances. 
 It should also be remembered
 
that rodents are consumed by peasants. Mechanical pest programs are
 more readily understood and, if an intermediate technology of
 
vertebrate pest control which proves inexpensive and effective can be
 
developed, may not face insurmountable sociocultural barriers to
 
acceptance.
 

3.2. Economic Benefits
 

Based upon past experience of USAID/DWRC projects in other developing

countries, 
the following economic benefits were demonstrated:
 

ASIA 
Philippines - A baiting program was developed and has been used
 

by farmers to reduce rat damage to rice fivefold.
 

- Anticoagulant rodenticide baiting in coconut trees
 
increased yield 280% with a cost:benefit ratio
 
after 3 years of 1:28 and an estimated annual gain
 
of $192 million.
 

- Between 1968 and 1982, several hundred individuals
 
from at least 15 countries received short-term
 
graduate and workshop training in the Philippines.
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Bangladesh - Zinc phosphide baits to reduce rodent damage to
 
ripening wheat resulted in a damage reduction of

71% and a cost:benefit ratio of 1:30.
 

- In 1984, 1,042 Bangladeshis received training in 
vertebrate pest management training seminars. 

LATIN AMERICA - Paralytic rabies in livestock transmitted by
 
vampire bats has been eliminated in Nicaragua with
 
annual benefits to the livestock industry of $2.4
 
million and a cost:benefit ratio of 1:18.
 

- AID/DWRC training and extension activities have
 
resulted in 13 of 18 Latin American countries
 
plagued with vampire bats instituting their own
 
self-funded control programs.


Ecuador
 
(Galapagos) -
 Technical assistance to reduce vertebrate pests


threatening endangered species such 
as the
 
dark-rumped petrel has resulted in 
a 30% increase
 
in the population in the past 2 years.
 

AFRICA - Chemical repellents were demonstrated to be an
 
effective method for protecting sprouting and
 
maturing cereals from birds.
 

- Hazards to nontarget species of lethal chemical
 
control of bird nesting colonies have been evaluated
 
so 
that safer, more effective control can be
 
conducted.
 

-
 Mass-marking and radiotelemetry techniques have
 
been shown to be very useful to study local and
 
migratory movements of quelea.
 

Although a 2-year project would provide baseline data, 
some 	appropriate

technologies, and 
initial economic benefits, these kinds of economic

benefits could accrue only at the end of 
a longer sustained technical
 
assistance project.
 

3.3. Alternative Implementation Strategies
 

Alternatives for meeting the objective of conducting midterm and
 
long-term research to define the problem, test current 
control
methods, and develop new methods, if required, within Integrated Pest

Management guidelines include:
 

(1) 	continuing to provide support only on 
an emergency basis;
 

(2) 	relying on other donor agencies to support a rodent control
 
project;
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(3) using DWRC consultancies to design, organize, and conduct research
 
that will be largely carried out by counterparts; and
 

(4) centralizing efforts in one country but developing a regional
 
approach to problem solving.
 

Alternative 1 is not recommended. It is the approach that has been
 
taken since the last rodent outbreak in 1975-1977 inWest Africa. The
 
approach is impractical because it ignores the chronic rodent problem,

will result in the same lack of information, and will limit the
 
capability to prevent or ameliorate the next outbreak.
 

Relying on other donors (Alternative 2), as has been done previously,
 
has not been effective and probably would not be in the future. Few
 
other donors have the financial means and/or a complete integrated
 
technical expertise capability (such as DWRC) available for a research
 
program. Donor agencies such as the Danish International Development
 
Agency (DANIDA), Food and Agriculture Organization of the United
 
Nations (FAO), GTZ, Office de la Recherche Scientifique et Technique
Outre-Mer (ORSTOM), and a variety of PVO's (private voluntary
organizations) have sponsored rodent projects, but have gathered little
 
agriculturally useful information. Basic biological information on
 
Sahel rodent species in Senegal and Burkina Faso is available from
 
previous and present ORSTOM projects, and a short-term consultant
 
apparently surveyed the rodent pest situation in 1987 in Niger.
 
However, if practical management strategies for pest situations are to
 
be developed, competent longer-term technical on-site expertise and
 
technical backstopping by a research institution is needed.
 

The use of strictly short-term TDY's (Alternative 3) would result in a
 
discontinuous effort. This approach would also limit direct contact of
 
host country personnel with technical experts. Development of rodent
 
damage control programs typically requires careful research through
 
entire crop cycles for successful completion of field trials.
 

Alternative 4 would centralize efforts in one country but would expand
 
to a regional basis. Logistics would be simpler, and continuity would
 
be assured. Host country counterparts would receive more direct
 
contact with expatriates. Such an approach would result in other
 
countries also receiving immediate, direct benefit. Geographic

variations in the behavior of pest species could be identified and
 
exploited, and cultural differences among farmers and farming systems

in different areas could be incorporated into initial recommendations.
 
By involving more than one country, study sites could be selected from
 
a greater geographical area, and choices as to crops and seasons would
 
increase. Concurrent replication of trials throughout the region would
 
result in obtaining research answers more rapidly. The experience that
 
DWRC has had in other overseas vertebrate pest projects demonstrates
 
that success depends on a resident expert. The coordination between
 
the host country, AID, and DWRC performed by such a person has
 
contributed substantially to successful projects. This alternative is
 
highly recommended over others.
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4.0. Project Conformity with the Strategy for Food and Agriculture and 

Agriculture Development Assistance
 

4.1. Policy Commentary 

The project aims to develop safe, effective, and economical vertebrate
 
pest control methods that are appropriate for use by small farmers.
 
Given sufficient time, a self-sustaining, in-country program could be
 
the expected end result of the project. The thrust of this project is
 
on practical field-applied research and technology transfer rather
 
than on the more basic research approach. 

In order to solve the rural poverty problem, farmers must, first of
 
all, have more to sell. Increased marketable products imply increased
 
income on the farm and are likely to improve employment in processing, 
handling, distributing, and marketing systems. The project will
 
attempt to achieve better equity for the rural poor by lessaning

rodent pest damage so that crop losses are reduced ind the farmer will
 
realize a larger share of his potential product.
 

The most cost-effective methods of decreasing the loss to agricultural

products by vertebrate pests will be the criteria to judge control
 
alternatives and establish priorities. 
 Because large segments of the
 
technology may be adaptations of methodology previously developed by
 
other USAID-funded vertebrate programs at DWRC, outputs should be
 
available in a relatively shorter time period than if the program were 
undertaken from a less advanced starting point. 

5.0. Project Elements
 

5.1. Plan
 

The project plan will be prepared jointly by DWRC and USAID. Because
 
of DWRC experience, will responsible for the technicalit be and 
program aspects of project documentation; AID staff members will 
coordinate anc formulate policy for the Project Paper. 
 The project

will offer technical assistance and training. Program goals will be
 
accomplished by (1) this in-country program, (2) outreach activities
 
from the DWRC as requested by USAID or host countries, (3) supervisory

and administrative functions from DWRC and USAID/Washington, and
 
(4) problem-oriented research activities at DWRC. Rodent damage

problems in Africa, Asia, and Latin America will be continuously
 
reviewed with the aim of adapting current techniques or materials to
 
specific problem situations in a crop protection-oriented management
 
program which will provide an effective means of long-term crop loss
 
reduction.
 

Many problems potentially will require an in-depth research approach.
 
Baspd on past experience, such an approach often requires the joint

effort of ongoinq research directed at the U. S. domestic problems
combined with research in the host country by DWRC and personnel in
 
developing countries. The project design permits a small field staff 
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in the host country with limited equipment and facilities to draw on 
the resources, service, 
and expertise of the 100-plus professional and
 
support staff of DWRC.
 

The project incorporates a balanced but flexible program of applied
research, technology transfer, and training. 
 Research activities
 
incorporate coordinated laboratory investigations at DWRC and selected
laboratories in developing countries with associated field trials at
 
appropriate sites in specific problem areas. 
 A team approach, using

the services of an interdisciplinary group of scientists and
 
technicians with diverse backgrounds and experience, coupled with
 
active involvement of foreign investigators, results in practical
solutions suited to local requirements. In addition, it creates a
 
favorable climate for continuing cooperation with indigenous

institutions. Training of local counterparts and 
institutionalization
 
of both research functions and implementation programs are viewed 
as
 
integral parts of the overall project.
 

The International Programs Section (IPS) of the DWRC provides support

and direction to field personnel, assists in establishing relevant
 
research objectives for laboratory personnel, and coordinates the team
 
efforts of DWRC and cooperating scientists. The experienced DWRC
 
staff is composed of specialists in diverse fields such as ecology,

physiology, pharmacology, wildlife biology, nutrition, statistics, 
animal 
psychology and behavior, chemistry, and electronics. Several
 
staff members have foreign experience and fluency in foreign languages.

Denver Center laboratories 
are well equipped with the instrumentation
 
necessary to conduct research 
in each of the disciplines involved.
 
General administrative support is provided in the areas 
of fiscal
 
management, personnel matters, commodity procurement, records manage
ment, and coordination of correspondence, reports, and manuscripts.
 
Related activities include representing the program to other
 
organizations, coordinating DWRC-based training for USAID participants,
briefing visitors, developing cooperative programs with international 
organizations, providing technical information to USAID Missions or
 
other cooperators, and assisting USAID personnel in program development
 
and negotiations with foreign governments.
 

5.2. Staffing
 

We envision that 24 person-months of long-term technical assistance
 
will be required for the project during its first 2 years under a

bilateral agreement between the Africa Bureau USAID/Washington and
DWRC. The DWRC 
team leader will be a scientist specialized in animal
 
ecology and trained in vertebrate pest control research. In addition,

technical backstopping by DWRC would require about 5 person-months of
 
supervisory and secretarial services and occasional technical services
 
for constructing or developing specialized equipment or techniques.

Short-term TDY consultancies from DWRC would be required for 4 
person-months during the project, with the objective of obtaining the
 
maximum amount of information in the shortest possible time period. 
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5.3. Training
 

Most of the training will be on-the-job. However, one short-term
 
regional training workshop may be appropriate for near the end of the
 
second year.
 

5.4. Equipment
 

Requirements for vehicles, supplies, and equipment will be identified
 
following a systematic inventory of the materials presently on 
hand
 
with the host country. It is estimated that at least one four-wheel
drive vehicle will be required for the primary host country project.

Commodities would include standard field and laboratory equipment and

materials for evaluation work at the field units, training supplies,

and office equipment. Some specialized evaluation equipment, such as
 
certain traps, would be produced or procured by OWRC technical
 
backstopping. 
 Vehicles for travel within the region of participating

countries other than the host 
country will need to be provided by

respective USAID Missions.
 

6.0. Estimated Costs
 

This project is proposed as a 2-year activity (2 years Resident Biologist)
to assist and strengthen the MOA of the host country. The total USAID
 
contribution to the project would be approximately $538,594 over the 2
 
years. It would include
 

Research from DWRC: 4 trips--2 each year

Research from host country to region: 2 trips each year

Backstop support provided by IPS staff at 
DWRC: 13 months total
 
One Training/Workshop in the second year.
 

FINANCIAL REQUIREMENTS 

Cost Estimates 
DWRC costs Mission costs 

Long-term assignee 
Backstopping 
Travel 
Training 
Equipment shipping, misc. 

176,525 
43,243 
32,940 

0 
13,000 

22,000 
0 

54,250 
9,000 

48_30 

Total 265,708 133,550 

Contingency (15% of $265,708) 39,856 20,033 

Overhead (26% of DWRC costs) 79,447 0 

Total 385,011 153,583 

Grand Total $538,594 
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7.0. Environment:] Impact
 

Crop conservation is the critical aspect of this project. 
 To achieve this,

it is intended to reduce damage by rodents in the basic agricultural crops

grown by small farmers in Chad, and successful management of vertebrate pests
should result in greater food production. Because rodents are reservoirs or
 
vectors of disease, developing effective control techniques should also help

reduce the incidence of infirmities frequently transmitted by these pests.
 

Preharvest crop damage by rodents is important
an source of production loss
 
to small farmers, and the risk of heavy damage may reduce the incentive for
farmers to, invest in crop inputs or adopt new agricultural practices.Frequently, attempts to control 
damage are often restricted to crisis
 
situations such as 
rodent population outbreaks. These circumstances could
result in the haphazard use of highly toxic, persistent chemicals and enhance
the potential for accidental poisoning of humans or domestic livestock. This
project will discourage such hazardous and generally ineffective approaches.
 

In general, the project will have minimal adverse environmental impact

because relatively small 
amounts of safe and effective chemical control
 
agents will be used. The proper use 
of rodent control chemicals in existing
agricultural areas should increase production and result in
a lesser need to
 
expand agriculture inmore marginally arable lands. 
 The project will monitor

and analyze the effects of various chemical and nonchemical control methods
 
on the environment and on food crop production. 
 The project has the
 
potential for reducing harmful practices that may exist and a high potential

for contributing to the awareness of environmentally sound methodology of
 
vertebrate pest control.
 

8.0. Lessons Learned: AID/DWRC Vertebrate Pest Project
 

8.1. Program Planning and Linkages
 

A well-defined memorandum of understanding between USAID, host
 
countries, and DWRC describing project objectives and each agency's

responsibilities is essential. As personnel changes occur, so 
do
 
attitudes and opinions. 
 A detailed document can prevent problems and
 
misunderstandings.
 

Project linkages should be established and affiliated with a national
 
plant protection agency in addition to a local research organization
 
or university in order that technology can be transferred on a national
 
basis more quickly.
 

AID-funded DWRC projects should routinely involve all 
local sectors,

international organizations, and volunteer agencies as appropriate.
 

Since vertebrate pest management research is a specialized field and
 
encompasses 
a wide variety of complex problems worldwide, a long-term,

centrally funded program is conducive to continuity and successful
 
implementation of project mandates.
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Mission-funded projects are best suited to adaptive research and
 
technology transfer. 
For example, e Mission-funded project in
 
Bangladesh developed several control solutions rapidly as 
a result of

project experiences in the Philippines; species, habitat, crops, 
and
 
cultural practices are similar for both countries.
 

A research utilization activity is often needed for effective program

implementation after initial research is accomplished. 
 This should be
 
recognized and addressed in the project planning stage. 
 This function
 
is sometimes suitable for a follow-on project; for example, the vampire

bat training and extension activity in Latin America.
 

The team approach ,. problem solving has 
led to the successful
 
develupment of 
several practical and cost-effective control methods.
 
A relatively small field staff with 
limited equipment and facilities
 
can call upon the resources, services, and expertise of more than 100
 
DWRC professional and support personnel. 
 This approach avoids
 
duplication of personnel and major equipment.
 

AID administrators and interns 
can become better informed of
 
international 
vertebrate pest management activites, objectives, and
 
capabilities by visiting DWRC and field projects.
 

8.2. Personnel
 

Hiring individuals suited and capable for overseas 
positions is
 
extremely important. Orientation research at DWRC is essential 
for
 
new staff members to become acquainted with the research 
team approach.
 

The employee and family members should have the ability to 
adapt to
 
different cultures and social conditions. Overseas assignments require

family support, interest, and understanding.
 

TOY assistance to field stations by Denver-based personnel is very

important. Assistance from scientists specialized in particular

disciplines enables the research team to find solutions 
more rapidly.
 

8.3. Counterparts
 

Sufficient numbers of counterpart staff are necessary to allow time
 
for some individuals to receive long-term training and return during

the project period. The project leader should have a major role in
 
selecting counterparts. A bilingual secretary adds to project
 
continuity and success.
 

Counterparts should be given 
a gradually increasing role in program

development and project management to 
insure future institutionaliza
tion. Counterpart success means 
project success. Counterparts should
 
also receive on-the-job training, graduate degree training and
 
represent the project at international meetings. They should visit
 
other research institutions to become better acquainted with outside
 
capabilities and the scientific process.
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8.4. Operational Considerations
 

Vertebrate pest management operations involve not only development of

safe and effective control methods; it also includes other important
related components such as ecological factors, species variability,
and environmental assessments.
 

Experimental design should be written so 
it can be easily comprehended

by the counterparts.
 

Data collecting processes should be simple, so that even the 
uneducated worker can participate.
 

The final solution has to 
be simple, safe, available, and
 
cost-effective.
 

Vertebrate pest management strategies that will be accepted should be
used in developing technology. Consider local 
s ljtions to problems.
 

Testing and developing control methods should be accomplished in
 
farmers' fields to identify practical and cultural problems associated
 
with local farming practices. 
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APPENDIX I: PROJECT SCHEDULE 


BROAD 	PROJECT ACTIVITIES CYI 


A. Laboratory activities at DWRC 

B. Outreach-TDY activities to LDC's from DWRC 

C. Assistance to other AID-funded Projects 


DETAILED PROJECT ACTIVITIES (OBJECTIVE/OUTPUT)
 

OBJECTIVE 1 -	 ESTABLISH FIELD STATION AND 
WORKPLAN
 

A. Designate 	 counterpart organization 
B. Organize laboratory facilities and
 

obtain materials 
C. Establish 	in-country and region


cooperati ve network 
D. Develop work plan 


OBJECTIVE 2 -	 RESEARCH 

A. 	Survey to identify pre-harvest pest
 
species 


B. Survey to 	assess damage 

C. Prioritize pest situations 

D. Initiate population monitoring 

E. Test known toxicants 

F. 	Adapt and test new or known baiting
 

techniques 

G. Test cultural and nonchemical techniques 

H. Adapt specific electronic instrumentation 

I. Conduct environmental contamination analyses 

J. Develop pest control monitoring network 

K. Initiate postharvest studies 


OBJECTIVE 3 - TRAINING, EXTENSION, INFORMATION
 
DISSEMINATION
 

A. Initiate on-job lab and field training 

B. 	Prepare quarterly reports and information
 

packets 

C. Present seminar 

D. Conduct training workshop 

E. Prepare rodent bibliography 


Key: 	 S = start event
 
P = in progress
 
E = evaluate progress
 
C = complete event
 

1989 	I 1990 I 1991 I 1992 I 1993 I 

P C 
P C 
P C 

P C 

S E C 

S E C 
P E E C 

P E C
 
S E C
 
S C
 
S 	 E C 
S 	 E C
 

S 	 E C
 
S C
 
S C
 
S C
 
S C
 
S C
 

S 	 C 

S C
 
S C
 
S-C
 

S C
 



BROAD PROJECT ACTIVITIES CY I 1989 I 1990 I 1991 I 1992 I 1993 I 

OBJECTIVE 4 - PROJECT OPERATION AND INSTITUTIONALIZATION 

A. Provide project establishment backstopping 
B. Improve experimental designs 
C. Conduct cost/benefit analysis of studies 
D. Conduct project evaluation 
E. Provide technical and TDY support 
F. Provide electronic, library, chemistry,

and toxicology support at DWRC 
G. Assist in strengthening national and 

regional capabilities 
H. Assist in institutionalizing rodent -ist 

management 

S 

S 

S 

S 

S-
E 
E 
S 
S-C 

S 

C 
C 
C 

C 

C 

C 

C 



APPENDIX II
 

Objectives and Outputs of Research, Extension and 
Institutional
 
Activities with Additional Years of Project Funding
 

Objectives
 

1. 	Develop and initiate a Sahelian network to monitor pest rodent
 
populations and identify seasonal trends.
 

2. 	Develop techniques and skills required to predict rodent irruptions in
 
Sahelian countries.
 

3. 	Assess the environmental impact of currently used and proposed
 
rodenticides and control programs.
 

4. 	Provide training and extension programs and materials for rodent pest
 
management.
 

5. 	Provide assistance in institutionalizing implementation and management
 
of rodent pest programs.
 

6. 	Identify appropriate nonchemical control strategies.
 

7. 	Collect, develop, and share information through a network that will
 
extend rodent pest management knowledge throughout the Sahel.
 

8. 	Develop, coordinate, and backstop networks of Sahelian institutions and
 
individuals involved in rodent pest management.
 

Outputs
 

1. 	Contribute significantly to 
knowledge about rodent pest depredation in
 
postharvest situations in the Sahelian zone of Africa.
 

2. 	Document environmental impact of rodent control techniques in pre- and

postharvest storage situations 
so that control techniques with minimal
 
environmental impact can be recommended.
 

3. 	Provide a rodent pest monitoring network that will predict, alert, and
 
mobilize rodent control programs before crisis conditions develop.
 

4. 	Demonstrate in participating countries improved rodent pest management
 
systems which significantly reduce pre- and postharvest losses.
 

5. 	Provide technical assistance in areas where serious rodent pest problems

exist but wherc no significant work has begun.
 

6. 	Collect and computerize pertinent information on rodent pests from Africa
 
and other countries, retrieve, and distribute it to all who need and
 
request such information.
 

7. 	Institutionalize in participating Sahelian countries rodent pest control
 
programs by providing advice on organization, research, training,

extension, research extension, and economic advantages of rodent pest

management programs.
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APPENDIX III
 

DWRC Proposed Rodent Activities in the Sahel during 1988
 

Country Date Crop 
Recommended 
activities Biologist 

Chad Late Vegetable - damage assessments K. LaVoie 
Mar-Apr plantings - species 

identification 
- bait preference 
studies 

- small plot 
comparison trials 
of toxicants 

Late Recession - damage assesments C. Mitchell 
Sep-Oct sorghum to crop and/or 

and/or in-field storage 
groundnuts - species 

identification 
- small plot 

toxicant trials 
levels 

Sudan Early Millet, - damage assessments L. Fiedler 
Sep-Oct sorghum, - species 

and/or identification 
groundnuts and density 

- toxicant trials 

Senegal/ 
Mauritania 

Oct-Nov Recession 
sorghum 

- species 
identification 

K. LaVoie 

- damage assessments 



APPENDIX IV
 

BUDGET--CHAD
 

Resident Biologist--2 years
 

Long-term Biologist
 

Base salary FC 9/7 (40,000) 
 40,000
Personnel benefits (18%) 
 7,200

Differential (15%) 
 6,000

Post allowance (50%)
 

78,200
 

2 years 
 156,400
 

Travel and Transportation
 
Transfer family of two from Denver
 

to Chad via Washington, DC
 
Air fare 
 3,000
Per diem (25 days @ $117) 
 2,925

Misc. expenses 
 1,000
Unacc. baggage (400 lb @4.00/lb) 
 1,600

Washington clearance costs 
 2,000
Transportation of HHE and pers. vehicle 
 6,000
Storage of HHE ($1,800/yr x 2) 
 3,600
 

20,125
 

R&R leave
 
AID Mission calculations 
 5,000
 

Transfer family of two from Chad
 
to Denver (end of tour)

Air fare 
 3,000
Per diem 
 500

Misc. expenses 
 400
Unacc. baggage (600 lb @ $4.00/lb) 1,600

Transportation of HHE and POV 
 6,000

Temporary quarters (2 months)
 

14,500
 
Local travel within host country, 75 days/yr


($55/day x 2; average per diem rate) 
 8,250
 

Regional travel
 
2 trips/year x 30 days @ $100

(average per diem rate) 
 12,000
 



Counterpart Travel
 

International travel from Senegal within region
 
(2 trainees, 1 trip each)

Air fare ($1,000/trip x 2)

Per diem (60 days/trip at $100 x 2)

Misc. expenses ($250/trip x 2) 


Travel, Short-term Consultants from DWRC
 

International Programs Section
 
(2 trips/year (no salary or benefit costs)

Air fare ($2,500 x 4) 

Per diem (30 days; 15 @ $55 and
 

15 @ $147 x 4) 

Misc. expenses ($250/trip x 4) 


Other DWRC scientists
 
1 trip (salary and benefits) 

Air fare 

Per diem (30 days; 20 @ $55; 10 @ $147)

Misc. expenses 


DWRC Backstop Costs (Research, coordination and supervision)
 

Section Chief GM 14 ($48,000 base salary + 18% pers.

benefits) 1 mo salary and 
pers. benefits ($4,720 x 2)


Program Assistant GS 7/10 ($24,000 base salary + 18% pers.

benefits) 1 mo salary and pers. benefits ($2,360 x 2)


Project Biologist GS 13/5 ($45,000 base salary + 18% 
pers.

benefits) 2 mo salary and pers. 
benefits ($4,425 x 2)


Project Technician GS 6/3 ($18,000 base salary + 18% pers.

benefits) 1 mo salary and pers. benefits ($1,770 x 2)


Project Editorial Assistant GS 5/5 ($17,000 base salary +
 
18% pers. benefits); 1 
mo salary and pers. benefits

($1,672 x 2) 


Non-IPS Scientist GS 13/5 ($45,000 base salary + 18% pers.

benefits); 30 days salary and pers. benefits 


Other Costs at DWRC
 

Transportation of materials 
to Chad
 
($1,500/yr x 2) 


Printing, translation and reproduction ($1,000/yr x 2)

Supplies and materials ($2,000/yr x 2) 

Equipment ($2,000/yr x 2) 


2
 

2,000
 
12,000
 

500
 

14,500
 

10,000 

12,120 
1,000 

23,120 

4,500 
2,500 
2,570 

250 

9,820 

9,440 

4,720 

17,700 

3,540 

3,343 

4,500 

43,243 

3,000
 
2,000
 
4,000
 
4000
 

13,000
 



Extension 

One in-country workshop/yr for 15 participants (2weeks)Extension materials and supplies 
7,000 
2,000 

9,000 
Physical Facilities for Research Biologist 

Rental house and grounds in Chad ($11,000/yr x 2)
(includes electricity, telephone, gas, maintenance,
renovation, etc.) 22,000 

Vehicles 

One 4WD Diesel vehicle 
Two motorcycles ($1,500 each)
Spare parts for vehicles 
Cost of shipping three vehicles 

10,000 
3,000 
1,500 
4,000 

18,500 

Gas for vehicles 
4WD (20,000 miles/yr; 20 miles/gallon x $2.50/gallon x 2) 5,000
Motorcycles ($200/yr/motorcycle x 2 x 2) 
 800
 

5,800
 

Commodities for Senegal 
 local (35%) and international
 
(65%) purchases

Laboratory and field equipment, supplies, 
and materials 20,000

Shipping costs (20% of $20,000)
 

24,000
 
Subtotal 


399,258
 

Contingency/Inflation
 

15% of Costs 

59,889
 

Subtotal 

459,147
 

Overhead (26% DWRC costs) 79447
 

TOTAL 

$538,594
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ANNEX C
 

Projected Cost of Desert Lcx-ust Control 

The upsurge in Desert Locust populations that began in Northern Chad in July
 
1987 resulted in swarms that escaped to the Western Sahel and North Africa. 
Dispite control operations costing over 40 million U.S. dollars, the situation 

still remains out of control. FAO and U.S. experts predict that extensive 
control efforts will have to be mounted over the next 2-10 years if the plague 
is to be stopped. 

Best case/worst case scenarios were generated by PRIFAS (the French
 
Grasshopper research group) using historical data of 1949-63 and a prototypic
 
biomodel (Annex I). It is important to note, however, that the biomodel is
 
driven by weather, especially the conditions necessary for successful egg
 
laying and hopper development. The impact of control efforts is not factored
 
in.
 

AFR/TR staff have used the French scenarios to generate cost estimates for
 

global campaign costs. The assumptions made and and unit values are presented
 
in Annex II and III. The minimum cost of campaign activities between now and
 
December 1988 is over 260 millions dollars. The possible cost, however, is
 
over 742 million.
 

Actual costs will fall somewhere in between and cannot be predicted anymore
 
accurately than we can predict the weather. It must be remembered, however,
 
that- the "best case" scenario is predicated upon severe rainfall shortages, 
which will also cause food shortages and a need for increased food aid. If 
the rains are poor the impact of the control effort on the locust population 
should help bring the present outbreak under control by December "88. Future 
year expenses could then be limited to reinforcement of national control units 

and improvement of survey activities and limited control recession locust 
populations. This is estimated at 5 million dollars year. 

If the worst case scenario were to occur, the expenditure of 742 million would 
be insufficient to prevent reinvasion of North Africa and possible spread of 
locust throughout the Middle East and the Indian subcontinent. The result 
could be a plague that rivals that of 1951-1962. The plague could undoubtedly 

result in food crisis throughout the Sahel and the horn of Africa and could 
cause havoc with the agricultural economies of North Africa. If no 
significant progress towards reducing Locust buildup were seen by June 1989, 
the prefered policy would be to limit control efforts to the protection of 
food crops or cash crops rather than pastureland or desert breeding sites. 
Estimated annual cost of the measures would be 100 million dollars, and the 
crop protection campaign could last 10 years. 

In summary, the global needs assessment ranges from 305 million ("best case",
 
with sufficient funds to monitor recession populations ior 10 years) to 1.7
 
billion ("worst case" in which gregarious breeding is not controlled this
 

decade). For AID/W planning purposes, AFR/TR proposed that 559 million be
 
used. This represents an estimated cost this calendar year of 320 million,
 
followed by two years of "crop protection" and seven years of
 
monitoring/control of recession populations.
 



Desert Locust: Historical Overview of Present Outbreak
 
and Worst Case/Best Case Scenarios.
 

ir eRIQ vE r PauER/N 
Schistocerca gregaria (Forskdl, 1775) 

1985-86-871 debut 1988 : anndes vecues 'I' 
* 	 1988-1989 : le scenario du pire (2) 
* 	 1988-1989 : le scenario de rdmission (2) 

(1) Sources FAO 
(2) 	Sources analogiques (archives 49-63) 

Sources ddductives(biomoadle SGR) @PRIFAS, 1988 

Historical Overview Pages 1-12
 
Worst Case Scenarios Pages 14-20
 
Best Case Scenarios Pages 22-25
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DECLENCHEMENT D'UNE INVASION
 

Hypothese 1 : POURSUITE DE LA GREGARISATION
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RETOUR PROGRESSIF A UNE SITUATION DE REMISSION
 

Hypoth~se 2 : RETOUR A UNE SOLITARISATION
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Annex II
 

Basic Assumptions
 

A. 	Area to be surveyed equals PRIFAS scenario
 

B. 	Survey techniques to include: remote sensing, helicopter survey and field
 
scouts.
 

C. 	Actual infested area requiring/feasible for treatment only estimated to be
 
.0657 that of general area infested
 

D. 	Cost of aerial operations = US dols 11/ha 

E. 	Cost of aerial application = US dols 1200/hr. (helicopter) 

F. 	Cost of aerial applications = US dols 750/hr. (fixed wing) 

G. 	Cost of 3 major pesticides nte:
 

Malathion t2.48 ha
 
Seven - 4 oil 4.50 ha
 
Fenitrothion 3.25 ha
 

H. 	Average pestide cost/ha $3.25
 

I. 	Average trarisp-rt cost/ha 1.25
 

J. 	Average application cost/ha 3.50
 

K. 	OH cost of p-ces 37% or 2.96/ha.
 

L. 	Aircraft capacity:
 

turbo-trush 4000 ha/day
 
fixed wing (piston) 1300 ha/day
 

M. 	Exhaust nozzle capacity
 

450 ha/day
 

Drafted:CCastleton:AFR/TR/ARD:7976Q:ts:corrections:bb:5/4/88
 



Annex III
 

Calculations for "Best Case" Scenario 
(U.S. Dols Million) 

May - June Survey Control 

W. Africa 76 million ha = 2.6 5 million ha = 55.0 
Sahel 20 million ha = 0.6 1.3 million ha = 14.3 
E. Africa 0 0 
Mid East 0 0 

Late June - July Survey Control 

N. Africa 66 million ha = 2.27 4.29 million ha = 47.19 
Sahel 76 million ha = 2.6 4.94 million ha = 54.34 
E. Africa 0 0. 
Mid East 0 0 

August Survey Control 

N. Africa 0 0 
Sahel 31 million ha = 1.06 2.0 million ha = 22.0 
E. Africa 08 million ha = 0.275 0.5 million ha = 5.5 
Mid East 0 0 

SeDt - Oct Survey Control 

N. Africa 0 0 
Sahel 38 million ha = 1.3 2.5 million ha = 27.5 
E. Africa 06 million ha = 0.21 0.4 million ha = 4.4 
Mid East 0 0 

December '88 Survey Control 

N. Africa 5 million ha = 0.17 0.3 million ha = 3.3 
Sahel 18.5 million ha = 0.64 1.2 million ha = 13.2 
E. Africa 3.0 million ha = 0.1 0.2 million ha = 2.2 
Mid East 0 0 

TOTALS 347.5 million ha = 11.825 22.63 million ha = 248.93 
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Annex D
 

METHODS OF IMPLEMENTATION AND FINANCING
 
(x $1,000)
 

Method of Financing 


Direct Contracts 


Grants/Letters of Credit 


PASA's 


Direct Contracts 


PASA's 


Direct Contracts 


Direct Contracts 


Grants/Letters of Credit 


RSSA's 


Direct Contracts 


Grants/Letters of Credit 


1987 

Estimate 


1,086,045 


451,824 


671,116 


236,000 


1,676,229 


129,786 


240,000 


4,491,000 


1988 

Estimate 


2,827,131 


75,000 


1,670,000 


5,558,000 


942,000 


2,468,000 


1,098,869 


511,000 


550,000 


800,000 


3,500,000 


20,000,000 


1989 

Estimate 


10,000 


828,884 


296,000 


613,902 


70,214 


260,000 


2,079,000 


Total
 
Estimate
 

3,923,176
 

75,000
 

2,121,824
 

7,058,000
 

942,000
 

3,000,000
 

3,389,000
 

511,000
 

550,000
 

1,000,000
 

4,000,000
 

26,570,000
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ABSTRACT
 

The U.S. Geolog.al Survey (USGS)/U.S. Agency for International
Development (USAID)- Pilot Project for Seasonal Vegetation Monitoring in 
Support of Grasshopper Control was recently completed in the countries ofSenegal, The Gambia, Mauritania, Niger, and Chad. Its purpose was to develop,
pilot test, and evaluate a near-real-time vegetation monitoring procedure

using satellite data and information system technologies for use in
 
grasshopper and locust control programs and other applications. Vegetation

greenness data were derived from NOAA satellite image data and merged with

cartographic information 
 to produce greenness maps of the participating
countries. The maps were produced every two weeks through the rainy season,
depicting the complex green-up and drying patterns of seasonal vegetation. 

The maps were evaluated and found to be useful, contributing new
information to the planning and implementation of field and aerial surveys
over areas of potential grasshopper and locust infestations. Their use and
evaluation was based on the principle that seasonal rainfall triggers both the 
growth of herbaceous vegetation, and the hatching and development of
grasshopper and locust populations. The maps were used as indicators of areas 
with conditions favorable to their development. By concentrating on areas 
that were greening or already green, survey teams were able to significantly 
narrow down areas to be surveyed by air and on the ground. 

Any use of tradenames and/or trademarks in this publication is for
descriptive purposes only and does not consitute endorsement by the
 
U.S. Geological Survey. 

l/ This is 
an internal report and has not been edited or reviewed for
 
conformity with U.S. Geological Survey standards or nomenclature. It can be

obtained by writing the EROS Data Center, Sioux Falls, South Dakota 
 57198.
 
2/ TGS Technology, Inc. Work performed under U.S. Geological Survey 

contract 14-08-0001-22521.
 

3/ U.S. Geological Survey. , 

4/ The Project was sponsored by the U.S. Agency for International
 
Development, African Bureau, Office of Technical Resources,

PASA Number AFR-0510-P-GS7022-00.
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Users identified a number of other applications of the greenness maps.
These included: monitoring and mapping of seasonal rangeland conditions,
guiding nomadic pastoralists to favorable grazing areas, crop condition 
assessment, and as an indicator of drought pockets. 

This report results from the project evaluation and is based on interviews
with over 70 people in over 20 different agencies. 
It focuses on
 
characteristics of the greenness maps, on their utility and effectiveness,

project institutionalization considerations, and management recommendations.
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RESUME
 

Le U.S. Geological Sur-ey (USGS) et le U.S. Aency for International 
Development (USAID) ont r6cemment compl~t6 un projet pilote dont le but est le 
contr6le des acridiens par l'interm6diaire de monitoring la v6g6tation 
saisonni~re dans les pays suivants: le S6n6gal, la Gambie, la Mauritanie, le
 
Niger, et le Tchad. Plus exactement, le propos 6tait surtout de mettre en
 
pied un plan directeur, d~velopper, et 6valuer un proc6d6 de monitoring A 
temps r~el les v~g~tations en utilisant les donn6es des satellites et des
 
systmes d' information g6ographique dans les programmes de contr6le des 
acridiens ainsi que dans d'autres applications.
 

Les donn es d' indice de v6g6tation ont 6t6 obtenues des images des 
satellites NOAA. (es donn6es ont 4t6 ensuite amalgam6es avec d'autres 
informations cartographiques pour produire les plans d'indice de v6g~tation 
des pays en question. Les plans ainsi obtenus se seraient ensuite reproduites 
chaque deux semaines durant toute la saison pluviale. Les plans donnent une 
description de diffrents model~s saisonniers relatifs au cycle complexe du 
commencement de la verdure et de sa fin.
 

Les plans ont 6t6 ensuite 6values et trouv6s utiles. Ils contribuent de 
nouvelles informations pour la planification, l'application pratique sur le 
terrain et dans l'air de la prospection effectu6e sur des 6tendus de terrains
 
tout infest~s d'un grand potentiel d'acridiens. Leurs usac'*:=4 et leurs 
6valuations sont bases sur le principe qu'une pluie annuelle dclencherait la 
d6tente, v4-g6tations herbac6es et 6closion acridienne, de mani~re que se 
manifestent A la fois. Les plans ont 6t6 ainsi utilis6s comme indicateurs des 
terrains pr6sentant des conditions favorables la croissance des acridiens. 
Se concentrer sur de tels terrains qui sont en train de v6g6ter ou bien sur 
ceux qui sont d~j6 verdoyants, les 6quipes de prospection ont pu en r~tr6cir 
signifiquement l'ftendu, que ce soit prospection par avion ou bien au sol.
 

D'autres applications de ces plans d'indice de v6g6tation ont 6t4
 
identifi~es par ceux qui s'en servent. Ertre autre applications inclues, se
 
trouvent le monitoring et la cartographie de l'4tat des paturages et des
 
cultures; ils servent aussi comme instrument de guide pour les nomades
 
pastoralistes indiquant les p&turages dans les lieux plus favorables; enfin 
comme indicateur des poches de terrain d~s~ch~es. 

Ce rapport est le r~sultat du projet d'4valuation. Il est base sur des 
interviews avec plus de soixante-dix personnes de plus de vingt agences. Ce 
rapport, enfin, met en relief les 61ments caractkristiques des plans d'indice
 
de v~g6tation, leur utilit6 et 6ffectivit4. Il proj6te des consid~rations de
 
port6es institutionelles et donne d'importantes recommendations aux
 
diff~rentes directions.
 



PROJECT EVALUATICN SUMMARY
 

Product Characteristics 

The products consisted of vegetation index or "greenness" maps whichserved as indicators of green vegetation conditions and "change" maps showing
changes in the vegetation index. The maps were derived from 2-week composites
of daily NOAA satellite data. One-kilometer resolution Local Area Coveraae 
(LAC) data from the Advanced Very High Resolution Radiometer (AVHRR) of the
polar-orbiting NOAA series of satellites were used to compute Normalized 
Difference Vegetation Index values that relate to(NDVI) 	 the amount and vigor
of green vegetation. Map coverages were produced for each country every two

weeks from April to November (map production for Niger and Chad began in
 
August and continued through November). The main findings with regard to the
 
maps are:
 

A. The basic map format and design are sound. Most users indicated that
the addition of more geographic information to the maps would enhance 
their use. In particular, more levels of administrative boundaries 
are needed. The addition of more towns, roads, and other features
would be very helpful in navigation and directing field survey teams. 
Overlays of land use information would be helpful in monitoring 
greenness within croplands, rangelands and woodlands. 

B. 	 The greenness information was correlated with actual vegetation
green-up in the field, though only qualitative assessments were made. 

C. 	 The one-kilometer (LAC) resolution of the greenness data was useful in
monitoring location and patterns of green-up. This was a considerable
 
improvement over existing 
sources of greenness data at eight-kilometer
 
or one-half degree by one-degree resolution that was previously

available over the Sahel. 

D. 
The map scales are adequate for the country-wide maps, but many users

would like scale enlargements of problem areas (that is, larger scale
 
maps).
 

E. Both the color scheme and the number of greenness-interval classes
 
were acceptable to most users, though some requested that the 
greenness scale be expanded for increased sensitivity to both low and 
high amounts of green vegetation. 

F. 	 Landsat-MSS data were not effective for use within the grasshopper
campaign due to the time lag between the satellite overpass and the 
availability of the Landsat image products. 

Product Utility and Effectiveness 

Nearly everyone interviewed considered the maps to be useful, providing
new and valuable information. Users felt the maps have considerable potentialfor grasshopper/locust control and numerous other applications. The general
findings are:
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A. 	The maps were particularly useful in the Sahelian zone, where rainfall

is highly erratic in time and space. 
 In this zone, the maps reflect
 
the complex patterns of green vegetation cover as well as dry pockets

during the short wet season. In the more humid Sudanian zone, the 
maps were useful during the initial green-up period, but less useful 
later in the rainy season.
 

B. 	The widespread acceptance of the maps was a result of their ease of
 
use and understandability.
 

C. 
The most universally recommended improvement was shortening of the mapdelivery timeframe. Most users felt a delivery time of a week or less 
following map production would greatly improve the utility of the
 
product. 

D. 	 Both the USAID missions and the Crop Protection Service agencies in

the five countries used the 
maps to varying degrees in support of
grasshopper control efforts. Specific uses included: 

- Monitoring the development of green vegetation in response torainfall to target areas necessary to survey for grasshopper 
infestations.
 

- Planning aerial reconnaissance flights to look for areas of green-up

and 	 to reduce the amount of aerial surveying. 

- In Senegal, for example, the Crop Protection Service used the mapsto direct field personnel to survey only in "green" areas, thus 
avoiding unnecessary allocation of survey resources in dry areas. 

- In Niger and Chad, the maps were used to prospect for grasshoppers
and locusts in the Sahelian zone. By concentrating on the "green" 
areas, the USAID/Niger mission was able to keep the time and expense
of conducting surveys by helicopter to a minimun.
 

- The Crop Protection Service agencies expressed confidence in the

conclusions they drew from the maps, but felt that they could make
 
more use of the maps if they could be delivered in a more timely
 
manner. 

- The maps should have potential for directing dry season egg pod
surveys, especially in the Sahelian zone. The Chad Ministry of
 
Agriculture intends to use the maps in this capacity. 

E. 	 The maps generated considerable interest among a number of agenciesfor other potential applications, particularly for crop and rangeland 
condition assessments. These included: 

- Monitoring and 	mapping seasonal rangeland conditions in the Sudanian 
and 	Sahelian zones. 
The 	maps provided detailed information on
 
green-up and senescence patterns not previously available. 

5
 



- The positive correlation between greenness on the maps and green
ground cover permitted such agencies as the Crop Protection Services 
to better evaluate the extent, availability, and changes in dynamic 
vegetation resources. 

- The Crop Protection Service of Mauritania found the maps to be 
indispensible as both a general indicator of rainfall between the
 
widely-spaced weather stations, and as 
a tool for determining

locations and distribution of green pastures. The agency made the
 
maps available to the President of Mauritania who requested the
 
greenness information be broadcast by radio in order to make the
 
information quickly available to nomadic populations. This helps

the pastoralists find favorable grazing areas. 

- Several agencies expressed interest in using the maps to identify

grasslands with high fire potential in order to take action to
 
prevent widespread burning.
 

- The maps generated considerable interest in their potential
application towards crop condition assessment, and the
 
identification of deficit food production areas.
 

- The maps were used by several agcncies as one of several information
 
sources for preparing weekly and decadal reports on 
rangeland and 
crop condition assessments at the national level. 

- The greenness information can be incorporated with other resource 
information to 
increase even further beneficial applications.
 

- The maps were used by the FEWS program in Mauritania as an indicator
of vegetation greenness and rainfall patterns. The program 
regularly made use of the greenness change maps in the preparation 
of field reports. 

Institutional Considerations
 

A. The general concensus among users within various grasshopper control 
programs, host government agencies, and regional organizations is that 
the project should continue with a goal of becoming operational.
Several organizations expressed interest in hosting the project

provided the project would continue to receive donor agency funding.

The main candidates were AGRHYMET, the Ministries of Rural
 
Development, and the Presidencies. Selection of a host organization
 
must carefully consider the numerous actual and potential applications

of the product, and the need for rapid data dissemination.
 

B. 
The cost effectiveness of the product requires further investigation.

Preliminary results indicate the products are cost effective, given
 
the impact they have on such costly operations as conducting

grasshopper and locust surveys by airplane and helicopter, or
 
conducting extensive ground survey operations. Other benefits, not
 
readily measured by dollar values, include the improvement of
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rangeland resource utilization by nomadic peoples, and the early
identification of drought pockets and, indirectly, populations

at-risk.
 

C. Many agencies have expressed interest in additional training in map
use and interpretation. They also felt a part-time advisor should be
available in-country during critical periods to provide technical 
assistance. 

Recommenda t ions 

A. 	The concensus is the greenness mapping program should continue in the
five countries involved in the Pilot Project. 
 A number of users

recommended that this activity should be expanded to include all of 
the 	Sahelian countries.
 

B. 	 The map delivery time should be shortened to a week or less following
the 	production of each map cycle. Several options for accomplishing

this need investigation.
 

C. 	Minor deficiencies in map content should be remedied, including the
addition of more locational information. Expansion of the greenness

scale should be considered. 

D. 	 The maps should be integrated with other resource data information,using geographic information system technologies. 

E. 	 Host government agencies should be approached for coordination of
conti.nued greenness mapping activities. 

F. 	 Futu,:e project plans should be integrated with plans for NRMS, FE1S,
and AGRHYMET. 

G. 
Ebllow-on activities should work toward technology transfer, providing
continued in country technical advice during critical seasons, and

in-country satellite data reception for 	 improved data dissemination. 

H. 	 Documentation of cost-savings as a result of decisions based upongreenness maps should be a major objective of follow-on activities.
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1.0 Introduction 

Large grasshopper populations plagued West Africa with the return of nearnormal rainfall in 1985 and 1986. The Senegalese grasshopper, Oedaleus 
senegalensis, threatened a number Saheliancropland in of countries, and theU.S. Agency for International Development (USAID) and other donors mounted an 
emergency assistance program for grasshopper control. Major infestations of

Senegalese grasshoppers were predicted for the 1987 rainy season, and USAID 
prepared for another major campaign West A major goalin Africa. of the 
program was to improve grasshopper prediction and survey techniques. The
ability to monitor the distribution and growth andof natural agricultural
vegetation in the Sahel is an integral part of grasshopper control efforts.
For these reasons, the Bureau for Africa of USAID requested that the
U.S. Geological Survey (USGS) conduct a pilot project to develop, test, and 
evaluate a near-real-time monitoring procedure using satellite data and
geographic information system technologies in support of the grasshopper
control programs. 

This final report was prepared by the EROS Data Center of theU.S. Geological Survey to satisfy the requirements set forth in the PASA 
(AFR-0510-P-GS7022-00, Project Number 698-0510-95) between the U.S. Agency for
 
International Development and the U.S. Geological Survey. 
The report outlines

procedures, products, and an evaluation of the Pilot Project for Seasonal

Vegetation Mapping in Support of Grasshopper/Locust Control in Senegal, The
 
Gambia, Mauritania, Niger, and Chad.
 

2.0 Cbjectives and Scope of Pilot Project
 

The project objectives were to develop, test, and evaluate a

near-real-time monitoring procedure using satellite remote sensing andgeographic information system (GIS) technologies for support of grasshopper
and locust control programs in West Africa. Inherent in this goal was theneed to format and present information for acceptance and use by decision 
makers and grasshopper control technicians. This information was presented in
the form of vegetation index or "greenness" maps for each two-week period
through the potential grasshopper season. The maps were evaluated to 
determine their utility within the operational framework of the 1987
 
grasshopper and locust campaigns in Senegal, The Gambia, Mauritania, Niger,
 
and Chad (Figure 1).
 

Figure l.--Near here.
 

2.1 Project Tasks
 

The project was conducted in two phases. 
Under Phase I, the products were
developed, delivered, and tested through field training and control
 
operations. 
Phase II was an evaluation of the acceptance and uses of the
 
procedures and products. 
Specific tasks included the following:
 

8
 



Figure 1. The Sahelian countries and map coverages of the Pilot Project. 



Phase I: Pilot Test 

1. 	 Field train responsible host country decision makers and technicians 
involved in grasshopper control programs in the characteristics and 
potential uses of the products.
 

2. 	 Define desired information contents and formats of test products. 

3. 	 Establish logistical procedures for delivering thematic maps to the
field, obtaining necessary data, and producing the required products 
through image processing and GIS technologies. 

4. Produce and deliver thematic maps every 14 days that indicate 
vegetation conditions including current greenness and greenness

change. Beginning in April, two map coverages were produced:
Senegal/Gambia, and southern Mauritania. In August two additional 
coverages were added in response to a locust emergency: Niger and 
Chad.
 

5. Establish and implement a simple geographically based cabling
procedure for rapid transfer of information that identifies potential 
grasshopper areas as observed by EROS analysts. 

6. 	Provide up to 12 selected Landsat multispectral scanner (MSS) scenes
 
to field personnel on an as-needed basis. 

7. 	 Establish procedures and demonstrate a method to assess the area of 
apparent grasshopper damage for a selected site within one country. 

8. 	 Provide an in-country expert for three months during the pilot test.
The expert will be based in Senegal and available on an on-call basis 
for 	Mauritania and The Gambia.
 

Phase II: Evaluation
 

The 	evaluation was conducted at three levels: 
(1) 	 in Senegal where a 
technical expert was based during the three months of pilot test; (2) inMauritania and The Gambia where only short-term training and advice were 
provided; 
and (3) in Niger and Chad where in-country technical assistance was
 
not provided. The evaluation concentrated on the adequacy of the map

products, on the product utility and effectiveness within both
 
grasshopper/locust control programs and other programs, and on 
institutional
 
considerations.
 

2.2 USAID Information Requirements
 

In 1986 and 1987, USAID provided emergency assistance for grasshopper andlocust control in a number of sub-Saharan countries. USAID assistance to the 
various insect control campaigns was channeled in several ways, including

technical assistance, training, prediction and 	 survey operations, equipment
support, and supplies. The successful execution of each phase of a control
 
operation is required to ensure a successful campaign. Monitoring and early
warning systems are essential components of effective control programs. One 
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of the lessons learned during the 1986 and 1987 Sahelian campaigns was thatadequate and timely monitoring of the environment is needed in order to plan

efficient ground and aerial surveys to locate and control migratory pest
populations in their early stages of development. In particular, monitoring
systems should provide information to grasshopper/locust control teams, which 
will allow them to: 

- predict locations and of potentialmagnitudes pest populations. 

- survey areas likely to harbor significant grasshopper/locust populations 
as a result of favorable environmental conditions. 

The prediction and survey of grasshopper/locust populations depend
analyses and 

on
syntheses of several sources. thesemajor data Traditionally,

have included historic records on pest occurrence, weather patterns, historic
rainfall, current rainfall, egg pod occurrence, biological models, and other
 
inputs. 
 In the vast Sahelian and Saharan environments, these data are often
inadequate or unavailable. In recent years, the use of satellite data for
monitoring vegetation conditions has added another dimension towards improvedenvironmental monitoring of large Fbllowing 1986these areas. the grasshopper
campaign in West Africa, USAID and other donors called for improving systems
of survey and early warning in control operations. This pilot project was, in 
part, an outcome of these recommendations. 

2.3 Host Government Inform&tion Reauirements 

Grasshopper and locust monitoring and control activities within thecountries of Senegal, Mauritania, The Gambia, Niger and Chad are the 
responsibility of the crop protection services in each country. These
agencies oversee all aspects of crop protection. Monitoring environmental
 
parameters that affect the general health of croplands is one of their major

tasks. This includes survey and control of insect species which may have a
significant economic impact. Typically, 
 these agencies are faced with theproblem of relying on poor communication networks and widely scattered field 
reports in order to assess pest situations over large areas. Although
communication networks have improved in the last two years with donor 
procurement of radios and other equipment, there remains a critical need foruniform, rapid monitoring of weather and vegetation conditions that trigger
the hatching and development of pest populations. Information needs of host 
country agencies parallel those of the USAID technical assistance teams. 

3.0 Overview of the Senegalese Grasshopper and the Desert Locust 

This section provides a brief overview of the grasshopper situation inWest Africa in 1986 and 1987, and a short description of the SenegaleseGrasshopper and the Desert Locust, two economically important species of
kcrididae, which have been the focus of the control campaigns of the last two 
years.
 

3.1 Migratory Grasshopper/Locust Situation 

Grasshoppers and locusts have had major impacts upon natural and
 
agricultural vegetation in Africa. In 1986, a major reappearance of these 
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pests occurred in West Africa with the return of near normal rainfall. Of
 
particular concern was the return of cedaleus senegalensis, the Senegalese

Grasshopper, which is the major insect pest in the region. Damage to food
 
crops in 1986 
 was reported in parts of Senegal, Mauritania, Gambia, Mali,

Burkina, Niger, and Chad 
 (FEWS, 1987). The greatest aggregate losses in
production occurred in Niger, Senegal, and Mali. In terms of the potential

harvests that were directly affected (lost or saved by 
control efforts) by the
infestations, Mauritania had the highest level, followed by Senegal and Niger.
While these infestations were considered to be severe at the time, later 
examinations of the data indicated that actual damage was less than feared,
 
and that the infestations did not exceed the "normal 
 realm of experience" in
these countries (FE1qS, 1987). However, the lack of historical data makes it
 
difficult to judge the severity of the 1986 
 infestations with respect to other 
years. 

Monsoon rains in 1986 also produced considerable increases of non-swarming
Desert Locust populations in parts of the northern Sahel (FAO, 1987). In Mali
and Niger snall gregarious swarms were reported, and this led to gregarious
breeding in October. The breeding became fairly extensive, spilling into 
Mauritania in November. Although control teams were able to treat the main 
infestation sites, the residual population at the end of 1986 was significant. 

Despite the predictions for major infestations of grasshopper populations

in the western Sahel in 1987, actual populations (particularly Oedaleus
 
senegalensis) were limited. Localized pockets were found and treated in
 
Senegal. In Mali and Mauritania, the situation was generally calm, though a
 
serious outbreak occurred on 
their common east-west border in September. Some 
localized damage to cropland occurred before control efforts were carried out 
in October. In the central Sahel, infestations were more serious. In Niger,
 
a rather large infestation of 0. senegalensis occurred in the late rainy
 
season in the south-central part of the country. This population threatened 
the already marginal agricultural areas which suffered from poor growing
conditions (FEWS, 1987). Chad also experienced grasshopper problems, 
generally in the south.
 

Desert Locust populations in 
1987 were reported in July in northeastern
 
Chad following heavy rains and vegetation green-up in the area. Breeding

continued through August to November in Chad and Niger producing several
 
successive generations. Large-scale migrations were 
tracked into northern
 
Mali and Mauritania and into Algeria and Morocco. Control operations have 
been limited (except in Morocco), and the situation could develop into plague

proportions in 1988 (FAO, 1987).
 

3.2 The Senegalese Grasshopper
 

The Senegalese Grasshopper, Oedaleus senegalensis, is one of the most
economically important species oTfacridids in the Sahel. They do not swarm 
the way locust do, but they can attain high densities and migrate on the wind,
 
inflicting heavy damage on food crops.
 

The distribution range of 0. senegalensis corresponds to a band across
Africa corresponding roughly to-the Sudanian and Sahelian zones, but also 
reaching south into Tanzania. The band falls within the area receiving
roughly 250 mm to 1000 mm of annual rainfall. Launois (1979) identifies three 
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subregions in West Africa which describe the migration of the grasshopper
 

through the wet season (Figure 2). The three areas are: (i) the area of 

Figure 2.-Near here.
 

initial multiplication, in the Sudanian zone, where the first generation

hatches and develops with the first rains in April and May (750 to 1000 mm
 
rainfall); (2) the transitional area of multiplication, which lies to the

north, in the Sudano-Sahelian zone where rainfall averages 500 to 750 mm
 
annually. First generation grasshoppers from the southern zone migrate into 
this transitional area with the advancing rains. 
Here, the first generation
 
may breed and subsequent hatching and development produces a second

generation, typically in June and July; and (3) the northern area of
 
multiplication, which falls roughly into the Sahelian zone, with rainfall of 
250 to 500 mm. Migrating grasshoppers frm the first and second generations 
can produce a third generation in August and September. As rains diminish in
 
this northern area and conditions become increasingly dry, the grasshoppers
migrate back into the transitional and initial multiplication areas in October 
and November, laying egg pods as they migrate. The eggs enter into diapause
dormancy in the dry season. A rain of 25 mm or more is generally needed to
 
trigger a hatch. Development 
 rates and migration patterns are determined by
environmental conditions including moisture, temperature, vegetation

conditions, photoperiod, nrasshopper population 
 levels, and accessibility to
the biotope (Launois, 1979). There have been attempts to create a forecasting
model for this species that predicts the timecourse for migration based on the 
above conditions (Launois, 1978). 

0. senegalensis prefers tu lay its eggs in light, sandy soils. They are
found-in open vegetation formations including shrub and tree savannas. They
feed primarily on grasses, often moving into adjacent food crops, particularly
millet and sorghum. The strategy of the USAID grasshopper teams has been to 
control the first generation of 0. senegalensis before it migrates into
 
croplands and other breeding areas.
 

3.3 The Desert Locust 

The biology and range of the Desert Locust, Schistocerca gregaria, ismarkedly different from that of the Senegalese Grasshopper. in the summer, 
the breeding and distribution range extends in a wide band across Africa
within the Sahelian and southern Saharari zones. The range also covers 
Ethiopia and the Arabian Peninsula. Swarms migrate from the breeding grounds
into Asia and westwards across Sahelian Africa into northwestern Africa 
(Mauritania, Morocco, Algeria). 
 In winter, breeding is concentrated in the
 
Somali peninsula and along the Red Sea (Sudan and Ethiopia). Most of the
 
resulting swarms move south into East Africa.
 

Females can lay eggs up to three times in their lifetime. The eggs aredeposited in sandy or silty soils, and if the soil is moist, the eggs may 
develop without going into dormancy. Otherwise, rainfall of 20 to 25 mm
 
triggers egg development. This amount of rainfall also initiates ephemeral

vegetative growth. Once the locusts reach adult stage, they fly in search of
 
additional favorable habitats for continued breeding. 
 If environmental
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Figure 2. Distribution and breeding ranges of the Senegalese Grasshopper (Oedaleus senegalensls). (Source: Launois, 1978). 



conditions are suitable, locusts may swarm, and moving with the wind, may

travel up to 200 km 
a day. They feed on a broad range of plants, and feed
 
readily on the grass-related crops. Survey and control of the Desert Locust
 
has always been difficult due 
to their ability to migrate long distances in
 
short periods. The use of meteorological information has traditionally been
 
the main method of tracking and forecasting of locust populations.
 

4.0 Description of the Technology and Products
 

During the six-month period of Phase I of the Pilot Project, image and map

products were delivered to the field and tested for use in the
 
grasshopper/locust control efforts. 
Training and technical assistance was
 
also provided. 
 This section presents an overview of the NOAA satellite
 
system, the processing of the image data, a description of the map products,

and the level of training and assistance provided to the data users.
 

4.1 The NOAA AVHRR System 

The NOAA TIROS-N series of polar-orbiting satellites, carrying the AVHRR

(Advanced Very High Resolution Radiometer) sensor, has been in operation since
 
1979. NOAA-9 data (the satellite was launched in 1984) were used for the
 
present study.
 

NOAA-9 orbits at an altitude of 833 kin, and crosses the equator at 1430
 
local time. The instantaneous field of view or "resolution" of the AVHRR is
 
1. 1 km at the nadir track. The data are referred to as Local Area Coverage
(LAC) data. The swath width of a scene is approximately 2400 kin, but the 
useful portion of a scene is less, due to distortion at the edges of the 
image. 

The sensor channels on NOAA-9 are: 

Spectral Response 
Channel (micrometers) Spectral Region 

1 0.58 - 0.68 visible 

2 0.725 - 1.10 near infrared 

3 3.55 - 3.93 middle infrared 

4 10.30 - 11.30 thermal infrared 

5 11.50 - 12.50 thermal infrared 

Data from channels 1 and 2 are used for computing a vegetation index. 
Channel 4 was used in identifying and removing cloud-contaminated data.
 

The satellite can potentially obtain twice-daily (one mid-day and one

mid-evening) coverage of any given geographic area. 
However, when the
 
satellite is out of range of a ground receiving station (for example, parts of
 
Africa), 
the LAC data are first recorded with an on-board recorder and then
 
transmitted when the satellite is 
in view of a reception station. Competition
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for time on the recorder is high, so requests for data recording time isreviewed by NOAA and scheduled to accommodate as many users as possible. 
 Data
 
are received at one of three NOAA ground stati?9s in the United States, and
 
archived at the World Weather Building of NOAA-( (Kidwell, 1986).
 

4.2 Data Flow and Processing
 

The images were recorded by the satellite (NOAA-9) and transmitted to the
National Climatic Data Center where the data are converted from wide-band
 
video to computer-compatible tapes (CCT's). Approximately three images perweek were sent for each test site. The CCT's were then sent to the EROS Data 
Center (EDC) DHL Each wasvia Express mail. scene ingested into the AVHRR
Data Reception and Processing System (ADAPS) and previewed for cloud cover and
 
to see whether the study area 
fell into the usable (central) portion of the
 
scene. Scenes that passed this initial screening were processed further byADAPS. The visible and near-infrared channels were calibrated, registered to 
a map base, and then used to compute the normalized difference vegetation 
index (NDVI).
 

Calibration converts the raw data counts into albedo using prelaunch
calibration coefficients. The images were registered using an 
approach that

aligns image features, such as rivers or coastlines, with computer maps of the 
same features. Transformations were applied to register the rest of the image
(Boyd, 1987). Figure 3 is an example of a registered AVHRR image of West 

Figure 3.--Near here. 

Africa. The NDVI was computed from the calibrated channels 1 and 2 using this
 
formula: 

Channel 2 Channel+ 1 + 1.005) * =100 NDVI 

The NDVI is a data transformation that combines visible (Channel 1) and

near-infrared 
 (Channel 2) spectral data into a single variable, which is
strongly correlated to amounts of green vegetation cover and green biomass
(Deering and Haas, 1980). The NDVI image was then entered into the Land
Analysis System (LAS) image processing system, and and a mask was generated
for the areas hidden by clouds. This was done manually at first by visually

determining a temperature threshold level 
in channel 4, which distinguishes
between cool clouds and the warm land surface. Later, a combination of 
channels 1 and 4 were used to generate the cloud mask. 

5/ The archived LAC data can be obtained by contacting: National

Climitic Data Center, Satellite Data Services Division, Room 100, World

Weather Building, Washington, D.C. 20233; Telephone: 301/763-8111;

Telex: 24836.
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Figure 3. A NOAA-9 AVHRR image of West Africa acquired on March 26, 1997. 



As the season progressed, the vegetated land surfaces (cooler) could not

be precisely separated from clouds with a simple threshold of the thermal
 
data. In the visible channel, vegetation is dark, while clouds remain bright.

The cloud mask was multiplied with the NDVI image with the result that cloudy
 
areas in the NDVI image were removed.
 

The daily cloud masked NDVI images available for the two-week period were
combined to generate a single composite scene. At any location, the maximum 
NDVI value over the two-week period was retained. In this way, areas obscured
by clouds were filled in. At the end of each two-we - ' cycle, the previous 
greenness composite image was compared with the current cycle to generate a
 
change image. Finally, the change image and the current greenness composite

was combined with other map data (described below) to produce the final

vegetation index or "greenness" maps, which included locational information. 

4.3 Vegetation Index Map Products
 

Vegetation index or greenness maps depicting the distribution and relative
 
amounts of green vegetation were the primary products. They were produced 
every two weeks using a composite image of the satellite data to show current 
vegetation conditions. The map coverages were Senegal/Gambia, and Mauritania
 
(produced from April to November), and Niger and Chad (July to November). In
 
addition, change maps were produced for Senegal/Gambia and Mauritania to show 
areas cif increasing or decreasing greenness and where noareas significant 
change occurred.
 

4.3.1 Map Formats 

The maps contained locational information such as international and

provincial boundaries; primary, secondary, and third order roads; cities and
 
towns; and latitude/longitude tick marks. These features were taken from
 
Operational Navigation Charts (ONC's) and Michelin road maps (Figure 4). 
 The
 

Figure 4.-Near here
 

maps were geographically registered so geographic coordinates could be
determined for any map location. Map scales were determined by the size of
the area to be shown and the maximum paper size (34 x 22 inches) handled by
the ink-jet plotter. The Senegal/Gambia map was plotted at a scale of 
1:1,000,000; the southern half of Mauritania at 1:1,500,000; and Niger and
 
Chad at 1:2,500,000. In addition, enlargements for critical areas of Niger
and Chad were plotted at 1:1,000,000 and 1:1,500,000, respectively. Text for 
each map was presented inboth French and English. All of the locational map
information was processed using ARC/INFO geographic analysis and plotting

software. Using this software, the map information and text were processed
and arranged into a map "collar," including all of the locational data,
legend, and text. The final maps were created by combining these data with 
the satellite-derived greenness infoLation (Figures 5-8). 

Figures 5-8.-Near here. 
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Figure 5. An example of one of the Vegetation Index Maps of Senegal/The Gambia. The map indicates maximum greenness during the 
July 3 to July 16 period of 1987. 
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Figure 7. An example of one of the Vegetation Index Maps of Niger, from the period August 28 to September 10, 1987. 
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4.3.2 The Greenness Maps
 

Since the intent of the greenness maps was to show the distribution and

relativc amounts of photosynthetically-active green vegetation, a color legend

was developed to depict this information in a way that would be intuitive to
 
the map user. Areas with little or no green vegetation were displayed in
 
shades of orange and yellow. Areas with differing amounts of gLeen vegetation
 
were shown in various shades of green. Those areas with high levels of
 
"greenness" were displayed in darker shades of green. 
Maximum greenness

values were shown as dark blue. Areas obscured by clouds were shown in white.
 
Twenty greenness classes were displayed in color on the greenness maps: one
 
for clouds, eight for non-vegetated areas, and eleven for vegetated areas.
 
The satellite-derived greenness data were thus color-coded and then combined
 
with the map collar information into a single file for plotting on the color
 
ink-jet plotter. The paper map products were laminated for protection.
 

4.3.3 The Change Maps
 

The digital processing of map-registered satellite data allo'ed the
 
generation of difference or change maps (Figure 9). The composite image from
 

Figure 9.-Near here.
 

the preceding two-week reporting period was digitally subtracted from the
 
current composite image. Areas with no change were shown in yellow, areas

with decreases in greenness were displayed in five shades of orange, and areas
 
with increases ingreenness were shown in five shades of green. The greater

the difference the darker the shade. Again, when present in either image,

clouds were shown as white. The color-coded difference image was then
 
combined with the map collar data to form a single plot file. The change maps
 
were also laminated for protection.
 

4.3.4 The Reference Grid Overlay
 

A method to identify specific areas of interest upon the maps and
communicate this information between EDC and the map users was desired. 
A 
grid of "blocks" and "cells" based upon latitude and longitude was devised for 
Senegal/Gambia and Mauritania. 
Blocks were one degree by one degree, and
 
numbered consecutively. Cells were ten minutes on a side and numbered 1 
through 36 within each block. Thus, any geographic locale within the study
 
area could be uniquely identified, for example: block 15, cell 3. more
 
precise locations within a cell were related with terms like "center",

"northwest", etc. The grid and country boundaries were plotted on clear mylar

and used as an overlay for the greenness or change maps. Using this grid

overlay, areas of interest including the latest greenness information were
 
communicated to the field via telephone and telex.
 

4.4 Product Deliveries
 

At least four copies of each map product were delivered to the USAID

Mission in each country. An air-express courier (DHL) was used to transport

and deliver the maps from EDC to the field. 
Delivery time was typically 4 to
 
8 days.
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Flgure 9. An example of one of the Vegetation Index Change Maps of Senegal/The Gambia. The map indicates changes in greennessvalues between June 19 and July 2, 1987. 



4.5 Training and Technical Assistance
 

Workshops were offered to USAID mission staff and host country technicians
 
and authorities involved in grasshopper control programs. TWo-day workshops

were conducted in the Gambia, Mauritania, and Senegal in the June/July

timeframe. In September, two additional wori'shops were given in Senegal to
OCLALAV (a regional locust control organization) and to the Department of
 
Agriculture. 
The workshops introduced the concept of satellite-based
 
vegetation mapping and monitoring, and covered map product characteristics and
 
potential uses and limitations of the products for grasshopper/locust control
 
and other applications.
 

Technical assistance was provided to the USAID missions, to the crop

protection services, and to other interested agencies in the use of the
 
greenness maps. This assistance was limited to Senegal, The Gamn'ia, and

Mauritania. It consisted of an in-country expert from the EDC tor a total of
 
three months during the Sahelian rainy season, and one expert from EDC for one
 
month to assist with the workshops. The technical assistance team was based
 
in Dakar, Senegal, and was available on an on-call basis for the other two

countries. 
During this period, two trips were made to Mauritania for a total
 
of 20 days, and one trip to The Gambia (5days). The team also spent a

limited period in the field with USAID grasshoppe- control teams, and
 
participated in collecting field data on vegetation condition, insect
 
populations, and testing the field use of the greenness maps.
 

5.0 Evaluation of the Pilot Project
 

The evaluation of the pilot project isbased upon the findings of a

three-person evaluation team which visited all five participating countries.
 
The team responsibilities were divided such that two evaluators visited
 
Senegal, The Gambia, and Mauritania (the countries that received training and
 
technical assistance), and one evaluator visited Niger and Chad.
 
Collectively, the evaluators conducted interviews with over 70 people in over
 
20 different agencies. The evaluation focused on characteristics of the
 
greenness maps, on their utility and effectiveness, and on institutional and
 
management considerations.
 

5.1 Map Product Characteristics
 

The first set of evaluation criteria dealt with product characteristics,
particularly map format, design, information presented, level of detail, and
 
scale.
 

5.1.1 Map Format and Content
 

The basic map format and design were considered good. The integration of

geographic/locational data with greenness image data was effective in making

the product useful. Many users expressed the need for additional
 
geographic/locational detail on the maps. In particular, the addition of more
 
towns and political divisions is needed because various government

organizations assess and report vegetation conditions on the basis of
 
political divisions. The maps should include divisions one or possibly two
 
levels below that of.the "region" or "prefecture". Other locational features
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suggested include airports, wells, roads, wadis, and features generally useful
for navigation. Furthermore, overlays with land use and soils information
would be useful for monitoring greenness within specific land uses. 

Users felt the depiction of greenness information outside of the countryborders was useful, particularly in the case of Mauritania. It was important
to know the position of the green-up wave to the south in order to monitor its 
progress with respect to the border regions. 

5.1.2 Greenness Information
 

Most users felt the greenness information was well presented witheffective use of color to indicate varying greenness intensities. They felt
the map information closely reflected actual field conditions. In comparing
the maps to reports from agents in the field, the Crop Protection Services in
several countries noted good correlations between green vegetation andcover 

map greenness (Figure 10). These assessments were only qualitative, and
 

Figure 10.-Near here. 

several users urged the need to determine a quantitative relation between mapgreenness (NDVI) and natural/agricultural vegetation parameters. 

Several users in Senegal and Mauritania recommended expanding the numberof greenness levels or classes in the 1.0 2.0 range to increaseto sensitivity 
to the lower amounts of vegetation cover. 

Biweekly information on changes in greenness as displayed on theVegetation Index Change maps was used very little. Most users preferred to
 
compare one greenness map to another to assess change, rather than use the
"change maps". Changes in greenness from one map cycle to another were often
significant, and may have resulted as much from atmospheric and look-angle
variations as actual changes in vegetation conditions. 

5.1.3 Use of LAC Data for Improved Detail 

The one-kilometer resolution of the AVHRR LAC data was considered
appropriate for monitoring detailed and intricate patterns of vegetation
green-up. This level of detail far exceeded the spatial resolution of 
existing sources of greenness information provided to users by AGRHYMET. The 
fact that greenness could be detected within such features as wadis (e.g., in
Chad) was considered an important characteristic of the data, particularly forDesert Locust monitoring. This was also considered important for agricultural
condition monitoring. 

5.1.4 Map Scales 

Most users considered the map scales to be adequate for country-wide
monitoring needs. However, a number of interviewees within host government
agencies recommended larger scales of 1:500,000 and 1:200,000. Theseeven 
scales are desired for certain regions in some countries, for better
navigation in the field, and for improved detail in the greenness information. 
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Figure 10. 	 A series of Vegetation Index Maps of Senegal indicating the development of vegetation cover 
as the rains progress northwards. The adjacent ground photos were taken near Tiel, Senegal.The photo dates of June 22, July 21, and August 3 fall within the three periods represented by
the maps. A qualitative comparison between the map greenness values and ground conditions 
can be made. 



It should be noted that these users may not have understood the spatial
resolution limitations of the LAC data, and that enlargements of the image
data does not create more detail of the information on the maps, but rather 
makes the maps larger. This does, however, support the need for using AVHRR
LAC data as opposed to lower resolution AVHRR GAC or AVHRR data sampled to 
one-half degree by one degree blocks. 

5.1.5 Use of Landsat Imagery 

Ten Landsat MSS images were acquired over Senegal and Mauritania to
provide more detailed information on vegetation cover and agricultural lands 
within areas of potential grasshopper infestation. They were also to be used 
to assess the area of apparent grasshopper damage. 

Although the Landsat data provided detailed information on land use and
land cover over the selected areas, the data were not effective as a
 
monitoring tool within the campaign due to the lengthy time 
lag between thesatellite overpass of a given area and the delivery of the image products to
 
the field (typically a one-month delay). The data could not be fully

evaluated as a means of assessing vegetation damage due to grasshoppers
because infestations were not severe enough to cause significant loss of 
vegetation biomass. Qualitative assessments were made of Landsat imagery

acquired in September 1987 over grasshopper infested areas of southeastern 
Mauritania. In addition to a lack of ground truth for objective assessment, a
problem was encountered that indicates that this type of assessment is 
difficult: variations in vegetation cover and biomass are a result of
 
ntxnerous variables including uneven rainfall distribution, differential
 
grazing intensities, and differences in soil type and topography. 
Thus, it
 
was not possible without detailed field data to isolate the impacts of
 
grasshoppers on vegetation, biomass, and its corresponding reflectance and
"greenness" values on satellite imagery. 

The same assessment indicated that Landsat data appear promising forfuture campaigns as a tool for defining specific sites to be treated once an 
infestation area has been identified. Landsat imagery has been shown to be 
effective for mapping land cover and land use in West Africa (Dalsted and 
others, 1982; Ndiaye, 1980; Sall, 1980; Stancioff and others, 1985; Vanpraet,
1980). Since aerial treatments of grasshopper infested areas often focus on
protection of croplands, specific information on crop area and distribution 
within other land cover types is useful for delineating spray blocks. In
southeastern Mauritania, for example, OCLALAV treated four blocks 
(180,000 ha.) in October, to the south and west of Tbuil. 
Neither Landsat
 
imagery nor land use maps were used by the control teams as they delineated 
the spray blocks. Landsat imagery acquired under this pilot project was used 
to assess land cover types within the four spray blocks. Although acquired in
September 1987, the imagery was not available for analysis until November,
well after completion of the aerial treatment. Analysis indicated that only 
one of the blocks contained areas of significant cropland (about 10 percent of
the block area). The other blocks contain less than 1 percent cropland.
Furthermore, major areas of cropland occur immediately adjacent to one of the 
blocks and were not treated (and may not have required it). Thus, very little 
cropland was actually treated in this particular effort, with most of the 
treated land being rangeland. The treatment may still have been justified,
since treating infested rangelands in Mauritania may have reduced the threat 
to croplands in Mali from migrations of Senegalese grasshoppers. 
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Since the land-use patterns do not drastically change from year to year,
Landsat coverage every two or three years would allow the CPS to identify
agricultural and rangelands in their specific spray blocks judgementsand make
accordingly. The one-month lag in delivery time would not affect the value of 
data under these circumstances. 

5.2 Product Utility and Effectiveness
 

This part of the evaluation dealt with the use and effectiveness of the
 
map products/data in support of the grasshopper and locust control activities 
within the five participating countries. Use of the products by other 
applications programs was also investigated. 

5.2.1 Use Within Grasshopper/Locust Control Programs 

Grasshopper and locust control programs in West Africa in 1987 involved numerous organizations. Generally, the Crop Protection Service (CPS)
agencies, countries were the operational organizations responsible for
carrying out grasshopper and locust control activities. USAID, FAO, ana other
donors provided financial, technical, and material support of these 
activities. In support of the overall control program, several copies of the
biweekly greenness maps were sent to the USAID missions which, in turn,
provided a copy to the CPS's in each country. Other donors, including FAO,

had regular access to the greenness maps.
 

The primary USAID map users were the staff and contractors involved
directly in survey and pest control. Nearly everyone found the maps useful
for assessment of green-up conditions, and for planning and conducting field 
and aerial surveys over areas of potential grasshopper and locust 
infestations. Map use was based on the principle that initial seasonal
rainfall triggers both the growth of herbaceous vegetation and the hatching of
grasshopper and locust eggs (if they are present in the topsoil). In areas
where eggs occur, a good correlation exists between initial green-up and the
hatching and development of the Acrididae species. While recognizedusers 
that the satellite-derived greenness data could not be used to directly detect
infestations, the maps were used to indicate the extent and intensity of
vegetation greenness, which is often an indirect indicator of infestations. 
They served as indicators of environmental conditions favorable to 
grasshopper/locust development. 

Operational use of the maps by USAID and the CPS's varied tofrom country
country. In Niger and Chad, USAID staff used the greenness maps as major
sources of information for planning and conducting aerial surveys. In Niger, 
some green areas identified on the maps were visited and found to contain
large populations of gregarious locusts. The CPS of the Government of Niger
frequently used the maps for making decisions on whether or not to conduct
field surveys. In Chad, the maps were considered to have potential for 
directing dry season egg-pod surveys, especially in the Sahelian zone. Using
information from the maps, the surveys will focus on areas that were green
long enough in 1987 for the grasshoppers and locusts to deposit eggs. 

In Mauritania, the greenness information was used by both USAID and CPSstaff to monitor the green-up situation, as a supplement to weather data, and
 
to confirm field reports on vegetation conditions. The users felt the maps 
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had great potential for grasshopper and locust control, but they did not use 
the data operationally because the maps arrived too late for the planning of 
field surveys. 

In Senegal, the maps were used by the USAID and CPS control teams to 
target areas of possible grasshopper infestations, particularly at the 
beginning of the rainy season. Based onmap information, the CPS sent field 
teams to green areas and avoided wasting time in dry areas (Figure 11). The 

Figure ll.-Near here.
 

USAID technical assistance team found the maps useful, but strongly
recommended shortening the time from data acquisition to product delivery. 
The survey teams noted good correlation between the maps and ground 
observations. 

In The Gambia, only limited use of the maps was made. First, The Gambia 
is a very small country in the Sudanian zone which is characterized by more 
plentiful and regular rainfall than the Sahelian zone. Cnce the country 
greened up with the seasonal rains, the maps showed little variation in 
greenness. Gambian officials did find the maps useful for monitoring the 
advance of greenness across The Gambia with the first major rains. Secondly,
The Gambian CPS has an excellent reporting network which allow the control 
teams to closely monitor field conditions without the assistance of the maps. 

In all five countries, USAID and CPS staff involved in pest control 
activities recommended continuation of the greenness mapping program. The
 
widespread acceptance of the maps was based largely on the new information 
contained in the maps, and on their ease of use and understandability. 
However, nearly all interviewees called for reducing the time of map delivery.
They felt this would greatly improve the utility of the product for future 
campaigns. 

5.2.2 Map Use in other Programs 

The maps generated considerable interest among a number of agencies with 
respect to other potential uses, particularly for crop and rangeland condition 
assessment. The maps were particularly useful in the Sahelian zone, where 
rainfall is highly erratic over time and space. Here, the maps reflect the 
complex patterns of green vegetation cover, including the dry pockets so
 
characteristic of this land of marginal rainfall.
 

Agencies concerned with range management (for example, the Crop Protection 
Service in Mauritania, and in Senegal, the Direction de l'Elevage [Dept. of 
Range Management]) were interested in the maps for monitoring and mapping
seasonal rangeland conditions in both the Sahelian and Sudanian zones. The 
maps were considered to provide new and detailed information on green-up and
 
senescence patterns not previously available. Data from the widely scattered 
weather stations are generally insufficient for assessing rangeland
 
conditions, particularly in the larger Sahelian countries. The CPS of 
Mauritania found the maps to be indispensible as both a general indicator of 
rainfall between weather stations, and as a tool for determining location and 

31
 



10 

Isohyet Map: Cumulative Rainfail (mmy iu.l:e: IIJiutI: Ie: rru DI' :NI:::AI. i:r in: l.A CAUIII:
from May 1 to July 10 1987 1 :r rI0 i)\ iulU\;I: r .-EC:(;AL AND ril: C.GAIIAINI t 

SOURCE: 
 ,-. , ::: 2;-- __ 
 , 1,0-

AGRHYMET
 

... -.: 
 5 0 

4,L 
 ate sta of. -. ... .
: rainy 1, on J 6 .-:..... ". 
 ... . ... 


• i.._10 0 ,
 

50,, ' 
--.-, ,5 _. . .
 

001 
 2 02 0 : IlJ '
 

Figure 11. Prior to the regular use of the greenness maps, the Senegal Grasshopper Control Team relied on AGR.HYMET rainfall data andCrop Protection Service field reports to estimate the position of the advancing green-up line. The maps provided additionalinformation on the intricate patterns of vegetation green-up. and were used to help direct grasshopper survey missions. 



distribution of green pastures. The CPS agency provided a set of maps to the
President of Mauritania. He requested that the greenness information be
broadcast on the radio in order to make the information quickly available to 
nomadic populations. 

Several agencies (for example, the Direction des Eaux, Forets, et Chasses,
Senegal) expressed interest in using the maps to identify grasslands with high
fire hazard in order to take actions to prevent widespread burning in the dry 
season. 

The Direction de l'Agriculture (Dept. of Agriculture), Senegal, and

AGRHYMET in Mauritania found the maps useful as an additional tool for crop

condition assessments, and for the identification of deficit food production
areas. Both agencies used the maps as one of several sources of information
for preparing weekly and decadal reports on crop condition. 

The maps were used within the FENS/Mauritania program for assessing the
general vegetation condition and for indicating rainfall patterns. The maps
 
were considered be most valuable source available on
to the vegetation
condition. The information was regularly used in the monthly FENS field 
reports. 

5.2.3 Recommended Improvements in Products and Training
 

The most universal recommendation was that the products be delivered in a more timely fashion. Timeliness is critical to the operational use of the 
greenness information. Map delivery should be reduced to five to seven days.
A number of users also indicated that a weekly map cycle would be optimum, and 
that a 10-day cycle would be good. Users would also like to see more copies
distributed to each user group. During critical periods, there is a need for
frequent telex/telephone summaries of greenness information. More emphasis

should be placed on the use of the reference grid overlay.
 

In the larger Sahelian countries, users called for larger-scale greennessmaps of certain regions within each country. In the case of Mauritania, 
additional coverage is needed to include central and northern Mauritania to
 
monitor scattered green-up in the Saharan zone.
 

The monitoring period should be extended longer into the winter (dry)season. 
Ideally, monitoring should occur year-round, or at least from May to
 
the following March.
 

A better understanding of the relationship of the NDVI greenness valuesand actual vegetation conditions is needed. Also, further attempts are needed 
to correlate greenness to rainfall. 

Minor deficiencies in map content by adding more locational informationincluding towns and villages, more levels of political divisions, airports,
and major wells should be remedied. Adding wadi names would be useful. 

A ntmber of users suggested providing thematic resource information insupport of the greenness maps (for example, land use). Using a geographic
information system approach, resource information could be integrated into the 
greenness maps, or provided on overlays. This would provide interpreters with 
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improved information on greenness and its relationship to such phenomena asvegetation types, crop condition, and drought. For demonstration purposes,existing soils data for Senegal were entered into a geographic data base
(Figure 12). In order to show how this resource information can be used
 

Figure 12.-Near here. 

within the context of a grasshopper campaign, certain attributes of the soilsdata, including soil texture, were identified and plotted to produce a
thematic map indicating soils favorable for egg-laying of the Senegalese
grasshopper (Figure 13). When used with greenness information, this map could 

Figure 13.-Near here. 

serve as a tool to further narrow down areas being considered for grasshopper 
surveys. 

The training workshops provided to officials and technicians concerningthe potential uses and interpretation of the map products were necessary.
Nearly all participants felt they were too short. Participants recommend
increasing the training to at least one week. Training should stress map

interpretation and use.
 

Some of the USAID staff felt that better coordination and planning ofproject activities was needed. Each USAID mission should have a greater role
in defining project activities and products. USAID should continue to
coordinate map distribution to participating organizations. 

5.3 Institutional Considerations
 

The ability to provide LAC-resolution greenness data to Sahelian countries
 on a synoptic, near real-time, repetitive basis fits well within the

objectives of several regional African programs. In particular, thiscapability appears appropriate to the AGRHYMET Program. The AGRHYMET regional
center inNiamey, Niger, serves the CILSS countries by collecting

agrometeorological and hydrological data from member countries. It then
interprets and disseminates information derived from the data. Future plansare to install an AVHRR reception station for real time reception, and aprocessing system to analyze and summarize the satellite data for transfer toparticipating countries. The production and dissemination of greenness
products such as the ones prepared by this pilot project would be based,
ideally, in a regional center like AQRHYMET where product turn-around timewould be shortened. Further, the AGRHYMET program would be enhanced byproviding a product for which a highi level of interest has been demonstrated. 

Use of the greenness maps by the FEWS field personnel indicates theproducts should be made available to the FEWS field representatives on a
regular basis. FEWS field teams have indicated a need for the maps forin-country use in order to focus their data collection and analyses on problem
areas within each country. The maps lend themselves to time-series
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Figure 13. 	 This map is a GIS product from the soils database of Senegal/The Gambia. It indicates soils which are favorable for egg-laying
of the Senegalese Grasshopper (white areas). It can be used with the greenness maps to guide survey eams to ptentialgrasshopper breeding areas. 



assessments of pastures and crops and can serve as one of the indicators for 
targeting "at-risk" populations.
 

USAID is supporting natural resources management in Africa through such

regional programs as the Natural Resource Management Systems (NRMS) Project.

There is an increasing need for monitoring and management of renewable natural
 
resources in Africa where degradation of soil and vegetation resources is
 
often severe. The greenness maps appear to have major potential for

development programs that require a better understanding of environmental
 
problems and needs.
 

6.0 Conclusions and Recommendations
 

The greenness maps were well received by both the USAID technical

assistance teams and the host country organizations involved ingrasshopper

and locust control. While the operational use of the maps varied from country

to country, nearly all users felt the maps provided new and useful informatic.
 
for use in pest control efforts, and their operational use of the maps would
 
be strengthened if they could be del ivered to the users in
a more timely
 
fashion.
 

The 	information content and format is basically sound, with minor

improvements recommended by a number of users. These invglve adding more 
geographic information to the greenness maps, and expanding the map scale for
 
selected regions. 
Overall, the maps were readily understood and
 
interpretable.
 

A number of significant applications of the maps were identified inaddition to the support of pest control efforts. In particular, the maps have 
potential for monitoring conditions within rangelands and croplands. The maps
were found to be particularly useful in the Sahelian environment where erratic
 
and unevenly distributed rainfall is the rule. 
The greenness information was
 
a useful indicator of rainfall, though quantitative analyses were not made.
 

Most users indicated that the greenness mapping program for pest control
and other applications should continue, and should move into an operational

mode. Fbllow-on activities should work toward technology transfer to an
 
appropriate regional organization within the Sahel. Expanded coverage to 
include all Sahelian countries should be considered.
 

The 	main recommendations are:
 

A. 	Continue the greenness mapping program in the five countries involved

in the Pilot Project, with possible expansion to adjacent Sahelian
 
countries.
 

B. 	Shorten the map delivery time to a week or less following the

production of each map cycle.
 

C. 	Add more locational information to the maps for improved

interpretability and navigation. Consider expanding the greenness

scale, and enlarge the map scale for specific regions within the
 
larger countries. 
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D. 	 Integrate the maps with other resource data, using geographic
information system technologies. 

E. Improve coordination of follow-on activities with USAID missions and

host governivent agencies. 

F. 	 Future project plans and technology transfer should involve such
regional programs as AGRHYMET, NRMS, and FEWS. 

G. 	 Document cost-savings of follow-on activities as a result of decisions
based upon the greenness maps. 
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APPENDIX I 

Project Evaluation Results in Senegal 

I. 	 BACKGROUND 

An evaluation of the USGS/USAID Pilot Project for Seasonal
Vegetation Mapping in support of the Grasshopper Control Campaign in 
Senegal was conducted by Donald G. Orr, U.S. Geological Survey's EROS 
Data Center and Andrew Stancioff, Dynamac Corporation, from October 26 
to November 10, 1987. The evaluation was based upon a series of 
interviews with representatives of USAID and Senegal government
agencies, who had used the seasonal vegetation greenness maps in the 
grasshopper control program as well as other applications. A list of 
questions was prepared prior to the evaluation team visit to insure 
consistency and completeness of the information needed to evaluate the
project results. Of particular interest in the evaluation were 
comments on the product characteristics, utility and effectiveness of 
the maps, institutional considerations, and management recommendations. 

Ten copies of the greenness condition maps derived from composites
of NOAA satellite data were provided every two weeks to the USAID 
Mission in Dakar, Senegal, during the 1987 growing season. The maps 
were distributed to participating government agencies in Senegal by
USAID staff. 

II. CONTRIBUTIONS TO THE GRASSHOPPER CONTROL CAMPAIGN 

The Grasshopper Control team in Senegal consisted of a number of 
USAID contractors and representatives from a number of Government of
Senegal (GOS) agencies. Overall, the 1987 Grasshopper Campaign seemed 
to be well organized and effective. Compared to 1986, there were no
serious infestations of grasshoppers in Senegal during the 1987 season. 
Therefore evaluation of the utility of the greenness condition maps for 
grasshopper control purposes in Senegal was based on how the products 
were used and correlations to the ground conditions. In Senegal,
interviews with 26 people representing 10 agencies were conducted 
relative to the greenness condition maps. Not all of the individuals 
were involved in the grasshopper campaign, however. 

Dr. Ellis Huddleston, Head Entomologist, 1987 Grasshopper Team,
was very supportive of the greenness-condition maps and recommended 
that they be continued. The Grasshopper Team used the maps to target 
areas for field surveys and generally found good correlation between 
the maps and ground observations. Because of delays in delivery of the 
greenness-condition maps, he felt use of the locator grid to 
communicate the location of areas of greenness via telephone call from 
a technical expert at the EROS Data Center was very effective. 
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II. EVALUATION OF GREENNESS MAPS 

A. USAID/Senegal 

From the Agriculture Development Office management
perspective, it was recommended that any future activities 
involving generation and distribution of greenness condition maps
be coordinated better with the USAID Mission during the planning
phases. The 1987 Seasonal Monitoring Pilot Project was initiated
hastily and did not allow for adequate preparation for host agency
involvement. The USAID Mission management staff were generallysupportive of the pilot project and theemphasized importance of 
establishing the necessary infrastructure, host GOS agency, and
long-term applications in other resource areas such as soils,
agriculture, forestry, land cover, and water, before the greenness
mapping technique can become operational. 

The primary involvement in the Pilot Project in support of the
1987 grasshopper campaign by USAID direct-hire staff was to receive 
and distribute the greenness maps to designated agencies and to
provide technical assistance on their uses. However, the 
vegetation greenness maps were used and evaluated for a number of
other applications by USAID staff. The maps were used to monitor
the advance "green wave" south to north and toof the from compare 
greenness conditions with agricultural information received from
reporting points throughout Senegal. The maps provided qualitative
indications of vegetation stat6 that were useful toin correlation 
crop planting dates, plant development, estimates of crop yields, 
crop disease and insect problems and areas of crop stress. 

It was felt that the greenness condition maps could have
potential application to the FEWS Program, especially in the
Sahelian countries. It is important to have timely information on 
areas of drought and that these areas be monitored in a consistent
fashion so food import profiles can be developed more objectively.
The maps provide information that can be correlated from country to 
country and should facilitate regional food assessments. 

It was felt that the greenness maps provide a common base for
multidisciplinary studies. If other information on soils,
vegetation, land use, forest lands, rangelands, transportation, and
population were incorporated with vegetation greenness, other 
applications related to natural resources management appear to be 
technologically practical. 

If the greenness mapping technique is continued and eventually
becomes operational, suggested candidate host agencies include:
Ministry of Rural Development, AGRHYMET, CRTO, and the Presidency.
In the short term, USAID will have to promote the technique and a
broader range of applications beyond grasshopper campaign will be 
needed.
 

In general, USAID staff were supportive of the pilot project
and felt that incorporation of other information soils, landon 
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cover, land use, political boundaries, and other geographic data 
with the greenness maps would increase their applications. The
 
vegetation greenness maps were relatively easy to understand and 
correlation to ground conditions was generally good. The 1 km 
resolution was satisfactory and the scale was considered to be 
adequate for country-wide coverage. Larger scale (1:200,000) would 
be preferrable for specific areas. 

The major deficiency in the vegetation greenness mapping pilot
project was delivery time of the data was not fast enough to target 
potential grasshopper infestations in real time. The maps were 
used mostly for after-the-fact confirmation of ground observations. 
More geographic detail, such as roads, villages, airstrips,

rainfall reporting stations, is needed to locate specific areas on 
the ground and to direct ground survey parties. Additional 
training, technical assistance, and explanation of the vegetation 
index color scale would be useful and increase utility of the 
greenness maps. 

Overall, the evaluation of the vegetation greenness maps
provided during the pilot project was positive and deficiencies 
cited are correctable. The potential of the maps for other 
applications, general understanding of the map content and 
acceptance exceeded expectations. 

B. Government Agencies of Senegal 

1. Crop Protection Service (CPS) 

The Crop Protection Service was the host agency in the
1987 Grasshopper Campaign. The initial approach in use of the 
vegetation-greenness condition maps was to target areas of 
potential grasshopper infestation based upon distribution of 
green vegetation. The maps were interpreted at CPS 
headquarters and were considered to be useful as a targeting
tool to direct field operations. The greenness maps were well 
accepted by the Grasshopper Team and were used for both aerial 
and ground prospecting activities. The locator grid provided
with the greenness maps was very helpful in directing field 
surveys. The maps were considered to be most useful at the 
beginning of the season when variations in vegetation greenness 
was very evident on the maps. As the vegetation reached its 
maximum greenness (the blue class), there was insufficient
 
color differentiation on the maps. 

The scale of the vegetation greenness-condition maps was 
considered to be satisfactory and enlargements of specific
problem areas would be very useful. 

More locational detail such as villages, roads, airports,
rainfall reporting stations (used by CPS and AGRHYMET), etc., 
was considered important to direct field prospecting. The 
locator grid provided in the 1987 campaign was useful, but 
additional local geographic detail recognizable by field agents 
would improve location of prospect areas.
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The major problem with the 1987 vegetation greenness
condition maps was late delivery (which averaged about 15 days)
after acquisition of the satellite AVHRR data. The length of
time between acquisition and delivery of the data reduced theit 
utility in monitoring dynamic processes, such is rainfall and
vegetation green-up. A 10-day repeat cycle is preferred
because most of their reports are decadal, and the maps are
considered to be important for making reports. 

The CPS felt the greenness mapping technique should becomeoperational, but does not have funds to commit to it. USAID 
should promote the operational use of greenness maps, and theMinistry of Rural Development is considered to be a good
candidate as the host agency. Should the greenness mapping
technique become .,perational, the data should be correlated 
with information on use vegetation types toland and increase 
their utility. 

2. Department of Agriculture 

Department of Agriculture personnel were very supportive
of the project and feel remote sensing applications can be
useful for providing information on a variety of their
departmental responsibilities. Their most important mission is 
to estimate agricultural production, and they make weekly
reports to the Minister of Rural Development on crop production
and crop protection. They used the vegetation greenness maps
in making their reports, and the Department of Agriculture
needs the vegetation data as soon as possible after acquisition
(one week after data acquisition is preferred) so they can 
determine where food crops are in danger. Department of
Agriculture representatives felt the greenness mapping
technique should become and suggestedoperational consideration 
be given to installation of an AVHRR reception station in
Senegal because the AGRHYMET station will not cover western 
Senegal. They could use data all year to get information
 
critical to rural development.
 

In regard to the technical characteristics of the
products, they format andfelt the map classes of greenness
were satisfactory. Locational detail down to the arrondissment 
level is needed because that is the geographic unit used to 
compile agricultural statistics and make crop production
estimates. A scale of 1:500,000 would be better for general
use and 1:200,000 would be better for compiling land use. They
followed vegetation greenness from south to north through the 
season and used the greenness information to compare with data
from field personnel on crop stage and development. They felt 
the correlation was very good and would like to have Landsat
data also, to increase information on soils, geomorphic

features, and land cover.
 

They felt the greenness mapping should become operational,
especially for the Sahelian countries. The AVHRR GAC data 
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could be used for regional coverage and LAC data for individual 
country coverage. Sahelian country coverage is important to 
detect deficit food production in the region and allow for 
planning of exports from other countries that have surpluses. 

They felt the ministry for Rural Development would be a
good host agency because the Department of Agriculture is also 
involved in most other projects related to food production. 

Additional training will be needed if the greenness
mapping technique becomes operational. Department of 
Agriculture suggested that a few key people from each division
be trained for 1 month to 12 months in the U.S. to remove them 
from the pressure of work in Dakar. The EROS Data Center 
specialists and the key Department of Agriculture personnel
should cooperate in a series of one-week seminars in Senegal
and after that, the key department personnel would provide
training for the people down to the field level. 

3. OCLALAV 

OCLALAV is funded by a number of international donors and
has regional responsibilities throughout areas in Africa that 
have locust problems. The logistics of their field operations
is complex, and timely delivery of greenness maps should help
considerably in targeting areas to survey by air and on the 
ground. 

OCLALAV representatives expressed interest in the

vegetation greenness condition maps, especially in the Sahelian 
zone countries, for grasshopper and locust campaigns. They
would like to have a more quantitative measure of greenness,
especially the thresholds for the greenness classes on the 
maps. Because grasshoppers and locusts prefer certain 
vegetation types and there is a critical time between green-up

and grasshopper hatches, correlation of greenness on the maps
and the greenness on the ground is very important. They prefer
the 1 km resolution because of the need for spotting small 
areas of greenness to direct field surveys. The rainy season 
is the most critical time for preparation of greenness maps but 
they could use vegetation data all year. 

They felt the maps should be continued for the entire
Sahel in 1988, and longer. They were mostly interested in 
Mauritania, but did not receive the maps for that country. If 
they had received copies of all the maps of Mauritania, they
could have evaluated the cost effectiveness of the greenness
mapping technique. They did not use the Senegal maps to any
extent because there were no serious grasshopper problems.
They feel the maps should be delivered within one week of AVHRR
data acquisition. They like the locator grid and, in the
future, would like enough copies for all the field crews. They
feel there is potentially a large number of users of vegetation 
greenness information in various ministries throughout the 
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Sahelian countries and if the greenness mapping technique
continued, they would like to have a minimum of three and 
maximum of six maps of each country. 

is 
a 

4. National Meteorological Services 

The AGRHYMET representative at the National Meteorological
Services is res 0 3ible for providing meteorologic and
vegetation data to the crop forecasting and rural development
agencies on a regular basis. He received the greenness maps
and found them to be more useful than the vegetation index 
information provided by the AGRHYMET program. The vegetation
index information from AGRHYMET was integrated over a I* x ;Or 
area and the numerical values were furnished by telex. 
Normally, the data were received late. In the future,
AGRHYMENT plans to perform the vegetation index calculation on 
IBM PC computers and furnish floppy disks to the users. 

The representative was supportive of the EDC greenness
maps and felt they should be continued. He would like to 
receive them during the entire year, but the rainy season was 
critical. 

5. Others 

a. Canadian Grasshopper Campaign Consultant 

Dr. Stanislow Manikowski, a consultant to the Canadian
Grasshopper Campaign and employee of FAQ/Rome had seen the 
EDC greenness maps and felt very strongly that they should
be continued. He is going to recommend to FAO that these 
types of data be used for monitoring desert locust habitat. 
He feels the maps should be produced for all of the 
Sahelian countries because there are going to be 
grasshopper and locust outbreaks somewhere in the region 
every year (i.e., 700,000 hectares are infested in Niger
this year). He felt that the EDC greenness maps were the 
best ones so far and will recommend closer cooperation
between FAO and the various grasshopper and locust 
campaigns. 

Within Senegal, Manikowski feels OCLALAV is a
potential candidate host agency because they have regional
responsibilities and are internationally funded. The
entire capability for producing greenness maps will have to
be funded and developed by a donor agency. 

b. FAO Consultant 

Dr. George Popov, a recognized world expert on African
grasshoppers and locust, had completed ground surveys oi 
concentrations of grasshoppers in southern Mauritania and
Mali and had found a correlation between vegetation 
greenness and grasshopper populations. He was very 
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interested in the greenness maps and felt that they should
be important for targeting areas to survey. He requested
the entire series of maps for Mauritania so he could 
determine correlations between egg-pod concentrations and 
vegetation type. 

c. 	 Ecological Monitoring Center 

The 	 Ecological Monitoring Center in Dakar is funded by
Denmark and is conducting research on biomass in pastures
in the Sahelian zone. They are using remote sensing and 
ground survey techniques to collect data over 18 sites that 
are 3 km x 3 km in size. They plan to correlate biomass to 
greenness and are using well location (bore holes) to 
integrate all their data to compare it with animal loading 
at each bore hole. 

They can visualize a number of applications for 
remotely sensed data, including agriculture monitoring, 
crop forecasting, forestry, range, and hydrology.
Currently, they are receiving AVHRR data from the 
Maspalomas station on floppy disks, and they attempt to 
composite greenness data over a ten-day cycle to match the 
AGRHYMET rainfall data. However, delivery of the AVHRR 
data from the Maspalomas station is a problem. 

The 	Center is assembling processing capabilities,
which currently includes an IBM PC XT with a color monitor, 
a Xerox 4020 color printer, a digitizer; and image display
and georectification software developed at the University
of (bpenhagen. They eventually want to get a mini-computer
and ELAS software to develop GIS capability. 

IV. RECCMMENDATIONS 

The following is a summary of recommendations made during the 
evaluation study. 

A. 	 The greenness mapping technique should be continued and expanded
into other applications. In several cases, it was recommended the 
project be continued for up to 5 years to monitor long-term trends
such as areas of degradation, reforestation, agricultural
development, etc. 

B. 	 Delivery time should be improved. 

C. 	 The vegetation greenness information should be incorporated withinformation on soils, land use, agricultural areas, crop types,
forests, rangeland areas and rainfall to increase the applications.
 

D. 	 In-country data processing capabilities should be considered to
improve data utilization and the potential for installation of an 
AJHRR reception station to cover western Senegal should be 
investigated. 
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E. 	OCnsideration should be given to adding geographic detail (such as
 
arrondissements) to improve locational information on the maps. 

F. 	 Several different Government of Senegal and regional organizations 
were suggested as candidate host agencies for continuation of the 
greenness mapping technique operationally. It is apparent that 
future planning must take into account host agency involvement,
infrastructure between user agencies, technological capabilities
requirements, training and funding. 

G. 	 Requirements for seasonal vegetation monitoring within the FEWS 
Program, Natural Resources Management Systems, AGRHYMET, etc.,
especially in Sahelian zone countries should be evaluated relative 
to commonality of information needs by donor and user agencies. 
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Chief, ADO, USAID 

Deputy Chief, ADO, USAID 
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Head of Surveys, Crop Protection Service 
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Service 

Director, Ecological Monitoring Service
 

Director, Department of Agriculture
 

Project AGRHYMET, Department of Agriculture
 

Department of Agriculture 

Department of Agriculture 

Department of Agriculture 
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APPENDIX II 

Project Evaluation Results in The Gambia 

I. BACKGROUND 

The evaluation team of Don Orr and Andrew Stancioff spent a day
visiting the USAID mission and several government agencies in The 
Gambia. The evaluation was based on a series of questions asked during
interviews with key agency representatives. Appointments for
 
interviews and transportation were arranged by the USAID mission in 
Banjul. 

The vegetation greenness condition maps for use in The Gambia 1987 
Grasshopper Control Campaign were provided on a two week cycle; the same as other countries participating in the Pilot Project. Because 
The Gambia is small and is bordered on three sides by Senegal, the
vegetation greenness maps provided included both countries. If 
vegetation greenness maps are provided in the future, consideration 
should be given to creating maps that meet individual country
requirements. 

II. CONTRIBUTION TO THE 1987 GRASSHOPPER CAMPAIGN 

The 1987 Grasshopper Campaign in The Gambia was organized and
coordinated by the Crop Protection Service. They had a well equipped
and coordinated campaign consisting of nine radio reporting stations
and field agents who could make decisions on control measures at the
local level. There were a few grasshoppers in the natural vegetation
during 1987, but they did not pose a threat to crops. Therefore, the
vegetation greenness maps were not used appreciably for targeting
grasshoppers in The Gambia. In addition, the efficiency of the 
commiications network established by the grasshopper team provided
ademuate information on the location of grasshoppers before the maps 
a rived in the country. However, the vegetation greenness condition 
maps were considered to be useful for other applications. 

III. EVALUATION OF THE GREENNESS MAPS 

A. Government Agencies of Gambia
 

1. Crop Protection Service (CPS) 

Even though there was no serious threat by grasshoppers in 
The Gambia during 1987, the CPS representatives were

enthusiastic about the potential applications of the vegetation 
greenness maps. They used the maps regularly in conjunction
with land use maps to monitor green-up and dry-down of 
vegetation in The Gambia.
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They think the greenness maps could be very useful, if
delivery time was improved, and if the scale of the maps were 
larger. They would like greenness maps of The Gambia to be 
1:250,000 scale. Vegetation greenness maps that have natural 
vegetation and cultivated agriculture areas delineated on them
also would be helpful. They would like to have the maps the 
entire year because upland rice is not harvested until 
December. In The Gambia, the rainy season is from lastthe 
week in June to the first week in October, so greenness maps
from May to November is the most important period. 

They also felt additional training and manuals were needed.
The locator grid overlay was very useful and, if they had it,
additional geographic detail on the maps would not be needed.
If the scale was made larger, the CPS felt the program should 
continue. 

2. Water Resources Department 

In Banjul, the Water Resources Department is participating
in the AGRHYMET project and produces an Agrimeteorological
 
Bulletin for The Gambia every ten days. The bulletin reportsrainfall, soil moisture and temperature, evaporation, crop
stress conditions etc., ang recommends crop planting dates.
 

The Water Resources Department did not receive any
 
greenness maps for the first month and the remainder of the
 
maps were received about 30 days after the end of the two-week
 
cycle.
 

The maps were used to monitor greenness in West Africa,
especially pockets of drought. The format of the map was 
considered satisfactory and the 1 km resolution was preferred 
over the NOAA GAC data. It was suggested the maps be 1:250,000
scale, cover The Gambia only, and should be continued in the 
future for monitoring vegetation conditions in the country.

The two-week cycle is adequate, but delivery time needs to be
 
improved. A soils overlay of the greenness maps would be very

useful.
 

3. Program, Planning, and Monitoring Unit (PPMU)
 

The PPMU office monitors agricultural production and issues
 
three reports annually. The first report is a crop production
forecast and is published in mid-September. The second report
is the preliminary estimate of crop production based on field 
data and is published in November. The final report on
 
production is issued in December.
 

The greenness maps were used to monitor greenness patterns,
but delivery must be much faster if they are to be effective. 
During 1987, the maps were used by PPMU to verify field 
reports. They feel the cycle interval for making the maps
should be one week instead of the two-week cycle. 
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The scale and format of the maps are considered to be 
satisfactory, but maps showing only greenness has limited

application for monitoring agricultural production. They need 
data on cropland areas which cannot be distinguished from forest 
land on the greenness maps. They currently collect all of their 
data with field personnel and do not use any photos or maps. 

PPMU felt the greenness mapping technique should become
operational if the delivery time and other problems were 
corrected. More training is needed and workshops should be 
5-10 days in duration and include interpretation manuals. If
 
the greenness mapping technique becomes operational, it was
suggested that users of the greenness maps should meet weekly
to compare interpretations and coordinate activities.
 

B. USAID/Gambia
 

The Agriculture Development Office (ADO) was interested in the
 
comments made by the Gambian Government Agency personnel relative 
to the greenness maps. Application of the greenness mapping
technique to problems in The Gambia seemed marginal because the 
country is so small and the communications network is relatively
well developed. By the time they receive the greenness maps, they
already know what is happening in the country. 

It appears that USAID is moving toward technologies involving
GIS concepts and natural resource management systems. However, in 
The Gambia, the technology far exceeds in-country capabilities to 
operate and maintain such systems and there are serious doubts that 
they can be effectively applied for some time. The infrastructure
 
is simply not in-place. 

IV. RE(]CMMENDATIONS 

The vegetation greenness condition mapping in The Gambia should be
continued only if maps are prepared for neighboring countries as well.
The utility *fgreenness mapping in The Gambia for targeting
grasshopper infestations appears to be marginal because of the small
size of the country and the well developed communications network. 
However, requirements for other applications appear to justify 
production of greenness maps.
 

If the vegetation greenness mapping technique is continued in the
future, consideration needs to be given to (1) improving delivery time,
(2) enlarging the scale to 1:250,000, (3) incorporating other 
information, such as land use, vegetation type, soils, etc., into the 
greenness maps or provided as overlays, and (4) providing more detailed 
locational information. 

Additional trainin]g and preparation of an interpretation manual is
ne#eded to improve utilization of the greenness maps in the future.
Introduction of !ew technological capabilities in The Gambia must be
well planned to allow for development of the necessary infrastructure,
training of personnel, and maintenance of equipment. 
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List of Oontacts 

NAME AGENCY 

Mr. Ralph (bnley Chief, ADO, USAID/Banjul 

Mr. Saikow Jobe ADO, USAID 

Mr. Thomas Hobgood ADO, USAID 

Mr. Bakary Trawally Director, Crop Protection Service 
Yundim 

Mr. Mounirou Darbo Water Resources Department 
Banjul 

Mr. Baboucar Gai Program, Planning, and Monitoring Unit 
Banjul 
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APPENDIX III 

Project Evaluation Results inMauritania
 

I. BACKGROUND 

The Orr and Stancioff evaluation team spent a day in Mauritania and
 
interviewed several key officials on uses of the vegetation greenness

condition maps during 1987. In Mauritania, the vegetation greenness

condition maps covered only the southern portion of the country,
northern portion of Senegal western This theand Mali. was region
considered to have the greatest potential for grasshopper infestations 
and is a major agricultural area. 

II. CONTRIBUTIONS TO THE GRASSHOPPER CONTROL CAMPAIGN 

A few areas in south central and eastern Mauritania were affected by
grasshopper infestations and pesticides were applied. The vegetation 
greenness maps did not arrive in time to be used operationally in the 
targeting of potential problem areas during the 1987 grasshopper

campaign. They were used after-the-fact to compare with ground
observations and there was a good correlation between the vegetation 
greenness map and green vegetation on the ground. In addition, the maps 
were considered the most reliable indicator of rainfall events because 
in the Sahelian zone, the rains are very spotty and the distance between 
rainfall reporting stations is very great.
 

III. EVALUATION OF ThE GREENNESS MAPS
 

A. Mauritania Government Agencies
 

1. Crop Protection Service 

The Crop Protection Service ((S) used the maps in the 1987
Grasshopper Campaign and for other applications. One of the 
most important applications of the greenness maps was to 
monitor greenness in the pasture areas to advise nomads where 
to take their herds. This application could saven lives of
 
people and animals because the nomads could avoi. wandering 
into non-productive areas. The information about green pasture 
areas was broadcast over radio Mauritania to the nomadic 
tribes. 

The CPS was also interested in monitoring the vegetation
dry down. In areas where adequate rainfall results in large
accumulations of grass, there is a high potential for range
fires. They advise the Forestry Service about such areas so
fire breaks can be prepared. 
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The third application was to infer rainfall amounts in
 
areas where water management dams have been constructed. Cnce
 

Minister of Rural Development. 

the dams have water in them, farmers are advised when to plant 
crops. 

The Crop Protection Service made weekly reports to the 
Reports were then made to the 

President of Mauritania. After the President saw the maps, hebecame very interested often called see if new hadand 	 to maps
arrived. 

In regards to the utility of the greenness maps, CPS foundthem to be useful because wherever green appeared on the maps
they knew it had rained. The greenness maps were considered tobe the most reliable indicator of rainfall events because the 
rainfall data they receive from AGRHYMET contained serious 
errors. 

Three major problems with the greenness maps were noted.The maps always arrived too late to be of use in directing
ground operations for grasshopper surveys. CPS personnel felt
the scale was too small for survey teams to accurately locate
themselves on the ground, and the maps did not show small green 
areas where the vegetation was sparce. -

The 	 following comments were made in regard to improving the
utility of the vegetation greenness maps: 

a. 	 It would be useful to have greenness maps of northern 
Mauritania for the late season for 	locust monitoring. 

b. 	 More class intervals between 0.02-0.2 of the greenness
scale are needed for better discrimination of greenness in 
drier areas.
 

c. 	 More geographic detail including arrondissement, department
capitals and provincial boundaries are needed for 
locational purposes. 

d. 	 Increase the scale by a foctor of two in problem areas,
otherwise the scale is acceptable. 

e. 	 Improve delivery time to 2-3 days. 

f. 	 Reduce the processing cycle time to one week because
Mauritania has very dynamic ecology. 

g. 	 A regional map including Senegal, Mali, and Niger would
help monitoring green-up from south to north and 
distribution of rainfall. 

h. 	 The maps should be continued and should increase coverage
up to the 23rd parallel to monitor for both grasshoppers 
and locust. 
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2. 	 AGRHYMET Office, Nouakchott 

The 	 AGRHYMET Office used the maps to monitor greenness,
especially where there wer- no rain gauges, and to monitor 
biomass development. The, advised the grasshopper team on 
locations of green vegetation. 

Their major comments on evaluation of the greenness maps
include: 

a. 	 Map coverage of Mauritania should be moved further south to 
include more of Senegal and Mali. It seldom rains in the 
northern portion of the area included on the 1987 
vegetation greenness maps. 

b. 	 Class interval from 0.02-0.2 on the vegetation index scale 
should be expanded. 

c. 	 More detailed geographic information is needed. Include 
arrondissement and provincial boundaries in Mauritania,
Mali, and Senegal to monitor advancement of "green wave." 

d. The 1 km resolution is acceptable, but maps should be 
enlarged to a scale of 1:1,000,000 or 1:800,000.
 

e. Improve delivery time to 2-3 days after each cycle.
 

f. Cycle should be 10 days to coordinate with other reports

produced by A3RHYMET. A 1-week cycle would be better 
during the rainy season because change is very rapid. 

g. 	 The greenness mapping technique should become operational
and AGRHYMET should be the host agency. 

They would like to combine greenness data with land use, land 
cover and soils data. The current maps are very useful to monitor 
rainfall patterns but additional information would improve their
 
use 	for other applications.
 

B. 	USAID/Nouakchott
 

1. 	USAID Mission
 

The 	USAID mission was very supportive of the greenness maps
provided under the Pilot Project for seasonal vegetation 
mapping and expressed interest in applications beyond the 1987 
Grasshopper Campaign. Even though delivery time for receiving
the maps during the 1987 pilot project was a problem, the maps
appeared to have considerable potential for monitoring
vegetation in relation to agriculture production, pastural 
areas, drought areas and rainfall patterns. Information on
 
vegetation status in southern Mauritania is difficult to 
acquire because of the size of areas to be monitored, the 
relatively low population density and the nomadic nature of the 
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indigenous people. An interest was expressed for an in-country
processing capability and telecommunications link for 
transmission of the AVHRR data. Such capabilities would
improve delivery of the needed information as well as broaden 
the 	applications of the greenness mapping technique. The 	major
uncertainty in developing in-country processing appeared to be 
the method of funding such a project. 

Staff of The Agriculture Development Office felt thevegetation greenness mapping should be continued and the major 
area for improvement is delivery time. In addition to
targeting areas of potential grasshopper infestations, several 
other applications important to Mauritania should be 
investigated.
 

2. 	 USAID/FEW S Mauritania 

The FENS represei*tative in Nouakchott was provided copies of
the greenress maps during the 1987 pilot project. The maps wereconsidered to be the best information on vegetation greenness and 
rainfall patterns available and were used regularly to prepare FEWS 
reports. 

Because of the utility of the maps in the FENS program, it wasfelt that FENS should participate in part of the funding for 
continuation of the project. Multiple donors should pay for a
ground processing system so they can process and plot data to 
satisfy a number of applications.
 

The timeliness needs to be improved but FEWS can use the data as it currently is provided. The format should remain the same for 
at least another year. Important characteristics of the aiaps are 
their ease of use and understandability. 

IV. RECOMMENDATIONS 

The following are recommendations made during the pilot project
evaluation. 

A. 	 The vegetation greenness maps should be continued opc.;ationally in 
t-ie future. 

B. 	 A regional map covering Mauritania, Senegal, Mali, and Niger should
be considered in order to assist in moniftcring greenup from south 
to north. 

C. 	 Consideration should be given to preparation of greenness maps for
northern Mauritania to monitor desert locust habitat. 

D. 	 Delivery time should be improved so the maps are available
in-country 2-3 days after the data processing cycle. The cycle
time should be changed from 2 weeks to 1 week because of the 
dynamic changes that occur in Mauritania.
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E. 	 Geographic detail including arrondissement, department capitals and
provincial boundaries should be added to the maps. 

F. 	 The greenness index scale should be expanded for better vegetation
discrimination in drier areas. 

G. 	 Consideration should be given to developing an in-country
processing capability to improve data availability and to broaden 
the applications of the data. 
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List of Oontacts 

NAME AENCY~ 

Mr. John Vincent DCM, U.S. Embassy, Mauritania 

Mr. Arthur Lezin Director, USAID/Nouakchott 
Acting Chief, ADO, USAID 
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Appendix IV 

Project Evaluation Results in Niger
 

I. Situation Report
The initial request for greenness maps was made in August because 

of a potentially serious locust outbreak. The OFDA Disaster
Consultant, Charles Kelly, initiated the request through the 
USAD/Niger mission. Dayton Maxwell was the designated mission
 
contact.
 

TNo sets of maps were provided to USAID. A 1:2,500,000-scale
national map, and a 1:1,000,000-scale map covering the Air/Temensa
Region were sent to Niamey every two weeks. The greenness maps were 
distributed to the following organizations: 

- Famine Early Warning System (FENS)
 
- Government of Niger (GON) Protection des Vegetaux (Crop Protection
 

Service - CPS) 
- United Nations, FAO 
- USAID/Niger Grasshopper Project 

The main uses of the maps in Niger were for grasshopper and locust 
programs. Due to the late start of the Niger program, little effort 
was devoted to the exploration of additional uses of the products. 

USAID, particularly Charles Kelly, was the catalyst that got the 
greenness maps into the Niger grasshopper and locust control programs.
Kelly demonstrated the use of the maps to both the CPS and FAO. The
CPS became users of the greenness maps following Kelly's demonstration 
of their interpretation and utility. 

The CPS has the responsibility for operational grasshopper and

locust control in Niger. The USAID mission does not actually get of
 
information used by the CPS for determining plans of action were
situation reports sent in by field staff. USAID also used the CPS 
situation reports to track grasshopper and locust problems. FAO also
contributed intelligence that was used by USAID and CPS for assessing
the severity of grasshopper and locust infestations, The FAO was 
considered to be the most reliable source of information in Niger. In
 
addition to CPS and FAO reports, USAID would make field trips and visit
 
the Department heads in order to find out what was going on.
 

USAID provided significant logistical support in the 1987
campaign. Specific support included the greenness maps, an Aerial 
Operations Manager for the control program, a helicopter for
 
reconnaissance overflights, and funding for aerial surveillance 
using

chartered fixed wing aircraft.
 

The main operational use of the greenness maps for locustwas
problems in the Air ountains/Tamesna region. While the maps were not
received in Niger in time for the initial field effort, interpretations
of greenness conditions were made in the U.S. by Gary Eilerts of Price, 
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Williams, and Associates. Eilerts was very familiar with the Niger
situation and the information requirements of the grasshopper and
locust campaign. As a result, he received the maps directly from EROS 
and telexed geographic coordinates of potential problem areas quickly
to the field. Some green areas on the map, identified by Eilerts, 
were found to have locust populations in the gregarious stage. Once
the maps began arriving irn Niger, they were used to identify green 
areas for field inspection. Based on their confidence in the maps,
USAID justified aerial reconnaissance flights to inspect apparent
problem areas. 

While the maps were used to locate locust populations, locust 
movement in Niger was extremely rapid and the insects departed before
spraying was possible. The swarms originating in the country moved 
quickly to Morocco. 

The Niger grasshopper and locust season is dependent upon the
arrival of the rains. Typically, the season goes from mid-May through
early-October. Due to poorer rains, the 1987 season fromwent 
early-June through September. The locust sea!on begins later and runs 
through late-October or early-November. 

II. EVALUATION OF GREENNESS MAPS 

A. U.S. Agency for International Development
 

USAID staff had an overall positive assessment of the utility
of the greenness maps for grasshopper and locust control programs.
The AID grasshopper project staff found werethat the maps useful
for identifying green-up areas and looking for changes in greenness
between reporting periods. However, some project staff had 
difficulty using the maps because of underdeveloped map reading 
skills.
 

While there was initial skepticism of the value of the

l:2,500,000-scale country-wide maps, the mission was amazed at 
the
 
power of the maps for convincing people of the situation in the 
field. They increased people's awareness of the severity of the
problem. The country maps became a valuable public relations 
tool.
 

There is ample evidence to support the value of the maps.
Specific examples include: 

- The maps save money. One fixed wing charter flight into the
Tamesna Region costs nearly $7000 more than the one monthcost of 
of maps. 

- The maps provide a means to reduce the amount of aerial 
reconnaissance and allow more efficient use of ground surveys.
 

- The maps were used to identify green areas in Temensa. Aerial
 
inspection of selected sites identified using the maps were
 
confirmed to have locusts.
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There is no question that the 1-kilometer resolution is
 
worthwhile. 
 It is possible to interpret vegetation conditions in
 
drainages and locate specific land features more accurately than
 
with coarser resolution data. 

The key mission concern about the maps is that they arrived 
very late. For the maps to have utility, delivery must be 
improved. DHL is too slow in Niger. Because of the delivery
route, DHL takes about 10 days. It goes to Paris, Abidjan, then 
Niamey. Mission suggests that EROS try regular international mail
which goes to Niamey directly from Paris. Delivery time for 
international mail is approximately 6 days. 

A second mission concern was that the NDVI classes were not assensitive as the information presentation scheme used with the 
Ambroziak Oolor Coordinate System. The mission has not conducted 
tests to verify this opinion. It likely reflects confidence and
familiarity in greenness products provided for several years to the 
USAID mission. 

Training and technical assistance is crucial in order to

increase map utility in Niger. USAID use of the maps was limited 
because few on the staff knew how to use or interpret the maps. 

USAID is very interested in the role that AGRHYMET could play
in the project. They would like to see EROS pursue increased use 
of PaRHYMET. 

The Mission is not sure they could pay for the maps. They
would prefer that USAID/Washington fund the program. If mission 
funds were to be used, training would be a necessary part of the 
package. 

B. Government of Niger 

Mr. Mouddour, head of the CPS, endorses the greenness mapping
program and hopes that the maps will be available again in 1988. 
His office is responsible for controlling all pests in Niger. They 
are the key agency designated to provide spraying for grasshopper

and locust control. He said he found the maps to be quite useful 
for making decisions on whether to conduct field work. 

The l:2,500,000-scale national maps gave a useful perspective 
on the rainfall situation and vegetation conditions. When rural
 
officials contacted Niamey CPS with reports of serious problems,
the country-wide maps were used by decision makers to quickly

verify field reports. 

The CPS believes that training is the key to the program. A
manual that guides users in map interpretation would be very
helpful. 
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C. Others 

The FAO believed that the greenness maps were well made and
had value in the locust campaign. There was not, however,
confidence in the interpretations made from the maps due to a lack 
of understanding of the NDVI information. 

The FAO's major criticism of the maps was timeliness. Theybelieve that the added expense to deliverneeded the maps within 7 
days is warranted.
 

The FAO would like to see the program continue in 1988 andexpanded to cover other countries in the region. Training and the 
provision of knowledgeable experts must be a component of the 
program. 

III. RECCMMENDATIONS 

All greenness map users concluded that the maps would be
beneficial in Niger if provided operationally. The ideal program
should not cost more than $50,000 to $60,000 per country for 5-6 months 
of services. At this cost, the maps would be cost effective and result
in a reduction of other costs associated with helicopter rental, aerial 
surveys, and ground surveys. However, program specifications should be 
changed. Recommended program changes include: 

- Decrease map delivery time. 

- Produce 2-3 copies of the 1:2,500,000-scale maps that can be used 
in Niamey by GON decision makers. 

- Produce 1:500,000-scale maps that cover the entire southern third

of Niger. This would require four separate maps. These could be 
prepared with less category detail so that the maps could be

blueprinted. For field activities, map scales of 1:500,000 would 
be more useful than the 1:1,000,000-scale maps. Aerial
 
navigation is usually done with the larger scale maps.
 

The CPS would like to see the maps include the addition of agrid overlay that corresponds to the reporting grid they use to 
communicate with field personnel. The use of the grid would help
guide staff to areas that need spraying. 

- Provide a training and technical assistance program. The program
should include awareness training for decision makers, detailed
 
training of technicians, and have an expert available for

consultation. A single short course is not enough. Technical 
assistance through an on-site expert is needed to answer
 
questions during the growing season. Local geographic
organizations such as Agrhymet in Niger have staff that could 
serve this need. Regionalized training is a good idea. Agrhymet
is a good candidate for providing regional technical assistance. 
CRTO is also a candidate, but it is doubtful that it would be 
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successful. All training and outside technical assistance must 
be given in French. 

- Provide more copies of the maps so that more copies can be sent 
to GON agencies.
 

An ideal program would routinely provide national maps, but still

permit production of customized products as the need arises. In 
addition, there are other products that would be useful including: 

- Coordinates of green areas. 

- Telex summaries of changes in greenness. These would need to be
 
interpreted by someone familiar with grasshopper project needs. 

While map delivery is slow, DHL is not the only problem. DHL canget materials to Niamey in 7 days. The problem may.be related to 
shipping materials in map tubes. USAID recommends sending a telex to
the country informing USAID of shipment. USAID staff can then go to 
the airport and look for the maps, potentially eliminating airport 
delays.
 

There is also a need to study the relationships between NDVI and
field conditions so that map users have a better understanding of the
 
meaning or NDVI categories. 

USAID endorses the continuation of the project in 1988. They

stress the need to eventually transfer responsibilities to AGRHYMET.
 
The program should be continued in a way that does not disrupt
AGRHYMET's AVHRR plans. AGRHYMET hopes to have an operational
capability by mid-1988. The ideal mission plan includes a continuation 
of the project in 1988 with EROS support and a strong organizational
link to AGRHYMET. EROS could transfer the capabilities to produce the 
maps to AGRHYMET in a phased program beginning in 1988. 

IV. OTHER APPLICATIONS
 

Most people contacted recommended other Niger programs that may
benefit from the greenness maps. 

USAID/Niger is involved in a multi-year project entitled Niger
Integrated Livestock Pilot Project (NILPP). The project is being
conducted with the GON Livestock Service. Much of the work is being
done by New Mexico State University. The goal of the project is to 
look at developing dry-weight biomass production estimates using field
 
data correlated to aerial photo derived information. A current problem

in the project is that the recurring costs of aerial photography is

prohibitive so to at the or SPOTthey plan look use of either Landsat 
imagery. The ultimate goal of the project is to map the country into 
classes similar to range sites. The range sites would serve asthen 
the biomass production monitoring units. A significant database is
being developed for the project. The USAID project manager hopes that 
AGRHYMET will have the data analysis capabilities needed for an
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operational program. He is especially hopeful that the information can
be integrated into a GIS so that the data can be used in a variety of
applications. There is real potential for using the greenness maps for
monitoring activities in this project. A quick omparison of the NMSU

field data (KG/hectare) to greenness maps covering approximately the
 
same period (September 24) shows significant similarity in measured

biomass amounts to greenness patterns. The CON ultimately plans to
 
establish a network of field agents 
to carry out field data collection. 
The project is scheduled to continue another 18 months. 

The Direction de la Meteorologie Nationale is the Niger AGRHYMET
cell. They are responsible for the preparation of agrometeorological
bulletins describing rainfall and drought conditions. The group was 
not on the distribution list for the greenness maps, but had a chance 
to work with some of t~he maps and saw much value. The believe the maps

could be used to track the ITCZ and green-wave movement. They have
used the 1 by 1/2 degree greenness index information provided by NOAA.
While the NOAA information was useful, it lacked the detail needed for
other applications. The LAC-based maps would be very useful in the
preparation of their decadal Agrometeorological Bulletins. They also 
believe the maps should be provided to the CON ministerial group
assembled to review and summarize land conditions. The group includes 
representatives of the Ministries of Agriculture, Animal Production, 
Plans, and Interior. 

The CPS recommends that the maps be provided to the GON LivestockService. They should also be considered for use in a planned early
warning system that is proposed by FAO and UNDP. 

FENS use of the maps was limited. The FES program in Niger
concentrates on public health and nutrition problems rather than 
vegetation condition assessment. Their soil use of the greenness mapswas to verify other sources of information. The FEWS Public Health 
Advisor (PHA) believes that the GON Meteorological Service should
routinely receive the maps since they are responsible for preparation
of agrometeorological bulletins. 
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Appendix V 

Project Evaluation Results in Chad 

I. SITUATION REPORT 

Greenness maps were produced for Chad starting in late-August for 
use in locust control programs. They were provided under the 
sponsorship of the Famine Early Warning System (FENS). The Chad 
greenness map set included a 1:2,500,000-scale national map and a 
1:1,500,000-scale map covering the east-central region of Chad. The 
contact in USAID for the greenness map program was Kurt Fuller,
Agricultural Development Officer. Fuller supervised the distribution 
and use of the maps within the FAO, the Ministry of Agriculture, Chief
 
of Field Operations, and the USAID/Chad mission. 

Reports of locust outbreaks in eastern Chad caused considerable

alarm. The locusts were feared to become a continental problem if they
transformed into a gregarious state. There was hope that the control 
campaign, with proper resources, could eradicate the threat before 
populations reached major proportions. Unfortunately, the locusts in 
their eastern Chad recession area transformed into the dangerous
condition. 

The key organizations involved in locust and grasshopper control
in Chad are USAID, FAO, and the Government of Chad (GOC) Ministry of 
Agriculture. Operational assistance responsibilities to the GOC are 
divided between the United States and France. The United States is 
responsible for the eastern half of the country while the French work 
in the west. The FAO was responsible for coordinating control through
the Ministry of Agriculture. 

FAO provided a helicopter for use in reconnaissance, but it was
frequently ineffective because it was not permitted to fly in some 
parts of the country. In addition, the pilot did not have sufficient 
information to direct the aerial surveys, so use of the helicopter was 
not always productive. Among the reasons for requesting the greenness 
maps was the travel restrictions and need for direction. The maps
allowed the development of plans for directing field survey parties. 

Surveillance was done using both field crews and aerial
reconnaissance. Prospecting was commonly done by checking up on field 
reports. The problem areas were too large for routine surveillance so 
officials had to rely on reports. An additional problem is that travel 
is restricted inmuch of the country. Mines laid in eastern Chad 
during the Libyan occupation create dangerous field travel conditions. 

Interpretations of the greenness maps was carried out by Kurt
Fuller. He would identify green areas and the MOA would then direct 
field staff to those areas. Fuller had confidence in his ability to 
interpret the maps. He felt that patterns were usually, but not
 
always, reliable. The biggest problem he had was that the field
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parties were not always able to locate the correct areas due to poor 
map reading skills. 

USAID and the MOA would like to try to use the 1987 maps for 
planning 1988 campaign strategies. They need a July, 1987 map so that 
they can develop a better understanding of field conditions during the 
early stages of the grasshopper and locust infestations. 

There is no consensus as to the potential severity of the 1988 
grasshopper and locust control program. The USAID entomology 
consultant thought that the qrasshopper situation should not be as 
severe as 1987. He felt it should certainly start slower than the past 
year. With early ground spraying in 1988, grasshopper populations 
should be controllable. Others felt that there was a good change for 
continued problems. The maps would be useful in 1988 in order to 
effectively initiate and carry out a surveillance program. Fuller 
would have preferred to have participated in the program from the 
beginning. The extra information would have been beneficial. A 1988 
control program would certainly be more effective if the maps are 
provided beginning early in the campaign. 

II. Evaluation of Greenness Maps
 

A. U.S. Agency for International Development 

The overall conclusion of the USAID staff, who had used the 
greenness maps, was that they were a beneficial tool for locust 
control activities. While the greenness maps came later than 
desired, they were still useful. The mission realizes that their
 
late request for maps was a big reason why the program got off to a 
slow start. The greenness maps would have been more useful if they
had been provided throughout the growing season. 

The USAID mission did not request the country-wide greenness 
maps. They only needed the larger-scale map (1:1,500,000) covering
 
the eastern portion of Chad. This series was needed for locust
 
control. The scale of the maps used in the field is 1:200,000.
 

Timely delivery of the greenness maps was a problem. The
 
first maps arrived almost one month beyond the date of the AVHRR
 
data used in the maps. After that, the maps arrived on a regular 
two-week interval, but the data were approximately two-weeks old at 
the time of arrival. While the maps were very late, too late for 
some applications, they were still used to gain a perspective of 
the .general situation.
 

Specific comments concerning the characteristics and utility
 
of the greenness maps include:
 

- The maps have more potential value in locust control rather 
than in grasshopper programs. 
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- The map format was good and the plastic lamination was useful 
since the maps were taken in the field and were handled 
extensively.
 

- The two week composite period was adequate. It should not be 
lengthened or the information would be too old. 

The October 10 maps were not distributed because of apparent
imagery problems. Rather than risk having the GOC make incorrect 
interpretations, USAID decided to withhold the set.
 

B. Government of (ad 

Chad had a difficult year in trying to handle its grasshopper

and locust problems. There was very little money available for 
control activities and the little there was, was frequently wasted 
because nobody knew where to go. Field parties were operating with 
little direction. The greenness maps finally provided the GOC with
 
a chance to focus their efforts in areas that had a higher
 
likelihood of having problems. The Director of Agriculture quickly
 
saw the value of the maps and personally carried copies to Abeche 
for use by the field staff. The maps, with the assistance of Kurt 
Fuller, were used to direct field parties in the Abeche area. 
There is much value in the maps and the Ministry of Agriculture 
plans to keep using them if they are available in 1988. 

C. Others
 

The FAO grasshopper and locust consultant was initially a

skeptic of the greenness map program. He has used satellite 
imagery before and did not believe that the greenness maps would be 
useful. Aftec receiving the first sets of maps, he changed his 
mind and became an aggressive -dvocate of the program. He then 
pushed MOA staff to use the r,aps. 

The greenness maps were an excellent addition to the
grasshopper and locust campaign. While the FAO did not have copies
for use in the field, they were viewed as a great tool in the hands 
of the field staff. An initial FAO comparison of areas with 
serious infestations to the greenness maps showed strong

correlation.
 

The map design was very good and does not need significant
modification. The addition of more towns and the names of selected 
wadis would be useful. 

The value of the maps for grasshopper control is less than in 
the locust campaign. Once an area greens up, green vegetation is 
everywhere and it is difficult to pinpoint problem areas. At this 
point, it ;ould be good to know the location of the crop and 
pasture landa. If this was known, it would be possible to place 
priorities in areas where the risk to croplands would be greatest.
 

V-3
 



III. RECCtMENDATIONS 

USAID, FAO, and GOC greenness map users endorse the program. The 
greenness maps were beneficial and will be helpful if they are provided 
in 1988. They were a tool whose utility was quickly demonstrated. The 
major reason for using the maps is for making objective decisions 
instead of relying on hearsay from the field. If the program is 
continued, USAID should continue to be the program coordinator. They 
can insure that the maps wi'l be quickly and fairly distributed. 

Mission staff believe there is enough potential information in the 
greenness maps in the grasshopper and locust control program to justify 
program continuation. They are unsure of the value in other programs.
They doubt that the maps would be useful for crop production 
assessments, but think the maps would be useful for livestock 
management activities. There is some concern, however, that the level 
of management is too low to effectively use the available information. 

The scale of the 1987 maps was acceptable. However, the field 
teams typically use 1:200,000-scale maps, so if the greenness maps are 
at that scale, they would be easier to use. This is viewed as a 
desirable rather than mandatory option. 

Recommendations for program improvements include: 

0 	 Reduce delivery time. The absolute latest acceptable delivery of 
maps to N'Djamena is two weeks. Five days would be optimal. DHL 
delivery depends on when you hit the Paris-N'Djamena flights. There
 
are only two flights per week so a day late can cause a four day
delay in delivery. The key to timely delivery, therefore, is to
schedule map shipments to arrive in Paris a day before the N'Djamena
flights. 

- Consider using telex transfer of information during critical periods 
as a means for rapid transfee of information. 

-	 Training in map use would be very helpful. Most users did not 
understand the meaning of the categories on the maps. Some level of
 
training is needed to help understand uses and interpretation of the
 
greenness maps. 
The training does not need to be too elaborate or
 
long. It would be best to train field staff so that they can use the
 
maps effectively for field prospecting and control.
 

-	 Provide maps from May through October. 

- There is a need to have a better understanding of the meaning of the 
NDVI categories. For example, what NDVI level is associated with 
emerging vegetation?
 

The ideal maps would provide information describing the condition 
of vegetation by land use conditions. Grasshoppers prefer grasses over 
crops (millet and sorghum), so it would be good to know the location of 
grasslands.
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Higher resolution Landsat images would also be a useful tool for
the locust and grasshopper campaign. The false-natural color images
show the landscape in the same appearance as it is when viewing from an 
aircraft. The drainage detail, in particular, isexcellent. Scenes
 
covering key areas would be most useful for both aerial and field 
activities. 

While there is interest in having AGRHYMET provide the greenness 
maps, there is concern that they may not be able to meet users demands. 
The mission is very concerned about the services provided to Chad by
AGRHYMET. The Centre has been slow in providing technical assistance 
to Chad. The organization's management is poor and they are not good 
at delivering scheduled services. Chad seems to be a low priority for 
AGRHYMET, which has created disappointment in the country. 

IV. OTHER 

The MOA Director of Agriculture would like the maps to be provided 
to all of the directors in the Ministry. He believes they would 
definitely see applications in many of their programs. 

There are several potential users of the greenness maps, including
tJhe Ministry of Livestock, and Plant Protection Service. Both groups
could use the maps for monitoring of crop and pasture land conditions. 
There is interest in Chad in influencing the movement of livestock to 
areas with better pasture conditions. The Ministry of Livestock should 
be encouraged to investigate use of the maps for this application. 

The full set of maps are now being used to determine priorities
and strategies for next year's program. The areas that had grasshopper
sittings, and the areas sprayed, are being plotted on the greenness 
maps. They plan to use the plotted information to determine areas that 
were not inspected this year, but have conditions appropriate for 
grasshoppers and locusts. These areas will be the first inspected in 
1988. In addition, the MOA is planning an egg pod survey in December, 
1987. The maps will be used for prioritizing survey areas. It is 
hoped that this year's survey will be more effective than the previous 
year when they had to randomly determine where to inspect. 



List of Cbntacts 

U.S. Agency for International Development

Bernard Wilder, USAID/Chad Representative
 
Kurt Fuller, Agricultural Development Officer
 
Leroy Jackson, Program Development Officer
 
Les McBride, Food for Peace Officer
 
Haroun Kabadi, Assistant Agriciltural Development Officer
 
Habib Khouly, Entomologist, Locust and Grasshopper Campaign
 
Charlotte Sharpe, Tulane University/FENS 

Government of Chad 
Ngaro Mi.let Michel, Director of Agriculture, Ministry of Agriculture 

Other 
John Egelele, FAO Cbnsultant on Locusts and Grasshoppers, Emergency 

Program 



Annex F
 

African Emergency Locust/Grasshopper Assistance Project
 
(b98-0517 and 625-0517)
 

FY 1988 Funding Commitments
 

($000)
 

Development Fund for Africa
 

FEWS Component 

Contract--Price Williams 690 
Contract--Tulane University 1,355 
Contract--NDPL Associates 10 
Participating Agency Agreements (PASAs): 

U.S. Geological Survey (USGS) 380 
Department of State 36 
NASA 100 

NOAA 60 

NASA Climate Assessment Center 35 
Enviornmental Research Inst. of Michigan 100 
Field Monitors 105 

Sub-total FEWS 2,871
 

LOCUSTS Component
 

Long-term assistance
 

Research--Dynamac Int'l 831
 
Conf. to Assess 1987 Effort 50
 
Mali-Nosema trials Management 355
 
Mali-Nosema trials procurement (6,000kg) 150
 

Emergency assistance
 

PASA-USGS (Greenness maps) 200
 

Mauritania Equipment 468
 
Pesticides USDA/Sahelian Region 942
 

Pesticide Bank--Nosema Cape Verde & Mali 285
 
Pesticide Bank--Carbaryl 8t
 

Sub-total-Locusts 3,367
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BUY-INS for Locust Control
 

Niger-emergency activities 400 
Mali-emergency activities 500 

Sub-Total-Locust Buy-ins 900 

Sahel Development Program (SDP)
 

Emergency activities
 

UN Food and Agriculture Office (FAO):
 
Regional Offices Bamako/Niamey 2,100
 
Mauritania (Equipment) 300
 
Mali (Popov Purchase Order) 65
 

Cape Verde-grant to Crop Protection Service 75
 
Consortium for International Crop Protection (CICP):
 

Contract 306
 
Neem 70
 
Crop Loss Assessment 22
 

Pesticides Bank--Malathion 262
 
PASA--U.S. Department of Agriculture 300
 

Sub-total-Locust funding (SDP) 3,500
 

TOTAL LOCUST FUNDING 7,767
 

GRAND TOTAL 10,638
 



ANNEX G 

5C(2) - PROJECT CHECKLIST
 

Listed below are statutory criteria applicable
 
to projects. This section is divided into two
 
parts. Part A includes criteria arilicable to
 
all projects. Part B applies to projects funded
 
from specific sources only: B(1) applies to all
 
projects funded with Development Assistance;
 
B(2) applies to projects funded with Development
 
Assistance loans; and B(3) applies to projects
 
funded from ESF.
 

CROSS REFERENCES: IS COUNTRY CHECKLIST UP TO
 
DATE? HAS STANDARD ITEM
 
CHECKLIST BEEN REVIEWED FOR
 
THIS PROJECT?
 

A. GENERAL CRITERIA FOR PROJECT
 

1. 	FY 1988 Continuing Resolution Sec. 523; Yes.
 
FAA Sec. 634A. If money is sought to
 
obligated for an activity not previously
 
justified to Congress, or for an amount
 
in excess of amoant previously justified
 
to Congress, has Congress been properly
 
notified?
 

2. 	FAA Sec. 611(a)(1). Prior to an Yes.
 
obligation in excess of $500,000, will
 
there be (a) engineering, financial or
 
other plans necessary to carry out the
 
assistance, and (b) a reasonably firm
 
estimate of the cost to the U.S. of the
 
assistance?
 

3. 	FAA Sec. 611(a)(2). If legislative Not Applicable.
 
action is required within recipient
 
country, what is the basis for a
 
reasonable expectation that such action
 
will be completed in time to permit
 
orderly accomplishment of the purpose of
 
the assistance?
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4. 	FAA Sec. 611(b); FY 1988 Continuing Not Applicable.
 
Resolution Sec. 501. if project is for
 
water or water-related land resource
 
construction, have benefits and costs
 
been computed to the extent practicable
 
in accordance with the principles,
 
standards, and procedures established
 
pursuant to the Water Resources Planning
 
Act (42 U.S.C. 1962, et seq.)? (See
 
A.I.D. Handbook 3 for guidelines.)
 

5. 	FAA Sec. 611(e). If project is capital Not Applicable.

assistance (e.g., construction), and
 
total U.S. assistance for it will exceed
 
$1 million, has Mission Director
 
certified and Regional Assistant
 
Administrator taken into consideration
 
the country's capability to maintain and
 
utilize the project effectively?
 

6. 	FAA Sec. 209. Is project susceptible to Yes. Project is
 
execution as part of regional or regional.
 
multilateral project? If so, why is
 
project not so executed? Information and
 
conclusion whether assistance will
 
encourage regional development programs.
 

7. 	FAA Sec. 601(a). Information and Not Applicable.

conclusions on whether projects will
 
encourage efforts of the country to:
 
(a) increase the flow of international
 
trade; (b) foster private initiative and
 
competition; (c) encourage development
 
and use of cooperatives, credit unions,
 
and savings and loan associations;
 
(d) discourage monopolistic practices;
 
le) improve technical efficiency of
 
industry, agriculture and commerce; and
 
(f) 	strengthen free labor unions.
 

8. 	FAA Sec. 601(b). Information and Neither encourages
 
conclusions on how project will encourage nor discourages
 
U.S. private trade and investment abroad except to extent U.S.
 
and encourage private U.S. participation goods/services needed
 
in foreign assistance programs (including for implementation.
 
use of private trade channels and the
 
services of U.S. private enterprise).
 

9. 	FAA Secs. 612(b), 636(h). Describe steps
 
taken to assure that, to the maximum
 
extent possible, the country is
 
contributing local currencies to meet the
 
cost of contractual and other services,
 
and foreign currencies owned by the U.S.
 
are utilized in lieu of dollars.
 

.10 
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10. 	FAA Sec. 612(d). Does the U.S. own No.
 
excess foreign currency of the country
 
and, if so, what arrangements have been
 
made for its release?
 

11. 	FY 1988 Continuing Resolution Sec. 521. Not Applicable.

If assistance is for tne production of
 
any commodity for extort, is the
 
commodity likely to be in surplus on
 
world markets at the time the resulting
 
productive capacity becomes operative,
 
and is such assistance likely to cause
 
substantial injury to U.S. producers of
 
the same, similar or competing commodity?
 

12. FY 1988 Continuing Resolution Sec. 553. No.
 
Will the assistance (except for programs
 
in Caribbean Basin Initiative countries
 
under U.S. Tariff Schedule "Section 807,"
 
which allows reduced tariffs on articlcs
 
assembled abroad from U.S.-made
 
components) be used directly to procure
 
feasibility studies, prefeasibility
 
studies, or project profiles of potential
 
investment in, nr to assist the
 
est3blishment ot facilities specifically
 
designed for, the manufacture for export
 
to the United States or to third country
 
markets in direct competition with U.S.
 
exports, of textiles, -apparel, footwear,
 
handbags, flat goods (such as wallets or
 
coin purses worn on the person), work
 
gloves or leather wearing apparel?
 

13. 	FAA Sec. 119(g)(4)-(6). Will the Not Applicable.

assistance (a) support training and
 
education efforts which improve the
 
capacity of recipient countries to
 
prevent loss of biological diversity;
 
(b) be provided under a long-term
 
agreement in which the recipient country
 
agrees to protect ecosystems or other
 
wildlife habitats; (c) support efforts
 
to identify and survey ecosystems in
 
recipient countries worthy of
 
protection; or (d) by any direct or
 
indirect means significantly degrade
 
national parks or similar protected areas
 
or introduce exotic plants or animals
 
into such areas?
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14. 	FAA 121(d). If a Sahel project, has a Not Applicable.

determination been made that the host
 
government has an adequate system for
 
accounting for and controlling receipt

and expenditure of project funds (either
 
dollars or local currency generated
 
therefrom)?
 

15. 	FY 1988 Continuing Resolution. If Not Applicable.

assistance is to be made to a United
 
States PVO (other than a cooperative
 
development organization), does it obtain
 
at least 20 percent of its total annual
 
funding for international activities from
 
sources other than the United States
 
Government?
 

16. 	FY Continuing Resolution Sec. 541. 
 If Not Applicable.

assistance is being made available to 
a
 
PVO, has that organization provided upon
 
timely request any document, file, or
 
record necessary to tine auditing
 
requirements of A.I.D., and is the PVO
 
registered with A.I.D.?
 

17. 	FY 1988 ContinuinQ Resolution Sec. 514. 
 Not Applicable.

If funds are being obligated under an
 
appropriation account to which they were
 
aot appropriated, has prior approval of
 
the Appropriations Committees of Congress

been obtained?
 

18. 	FY Continuing Resolution Sec. 515. If Not Applicable.

deob/reob authority is sought to be
 
exercised in the provision of assistance,
 
are the funds being obligated for the
 
same general purpose, and for countries
 
within the same general region as
 
originally obligated, and have the
 
Appropriations Committees of both Houses
 
of Congress been properly notified?
 

19. 	State Authorization Sec. 139 (as Not Applicable.

interpreted by conference report). Has
 
confirmation of the date of signing of
 
the project agreement, including the
 
amount involved, been cabled to State L/T

and A.I.D. LEG within 60 days of the
 
agreement's entry into force with respect
 
to the United States, and has the full
 
text of the agreement been pouched to
 
those same offices? (See Handbook 3,
 
Appendix 6G for agreements covered by
 
this provision).
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B. FUNDING CRITERIA FOR PROJECT
 

1. 	Development Assistance Proiect Criteria
 

a. 
FY 1988 Continuing Resolution Sec. Not Applicable.

552 (as interpreted by conference
 
report). If assistance is for
 
agricultural development activities
 
(specifically, any testing or
 
breeding feasibility study, variety
 
improvement or introduction.
 
consultancy, publication, conference,
 
or training), are such activities (a)
 
specifically and principally designed
 
to increase agricultural exports by

the host country to a country other
 
than the United States, where the
 
export would lead to direct
 
competition in that third country
 
with exports of a similar commodity
 
grown or produced in the United
 
States, and can the activities
 
reasonably be expected to cause
 
substantial injury to U.S. exporters
 
of a similar agricultural commodity;
 
or (b) in support of research that is
 
intended primarily to benefit U.S.
 
producers?
 

b. 	FAA Secs. 102(b), 111, 113, 281(a). The rural poor will
 
Describe extent to which activity benefit from the pest

will (a) effectively involve the poorcontrol measures promoted

in development by extending access tOunder the project.
 
economy at local level, increasing Such measures will help
 
labor-intensive production and the to ensure a continucus
 
use of appropriate technology, supply of local food
 
dispersing investment from cities to production to meet
 
small towns and rural areas, and domestic food needs
 

rather than continued
 
reliance on foreign food
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insuring wide participation of the imports. Appropriate
 
poor in the benefits of development U.S. institutions, both
 
on a sustained basis, using public and private, will
 
appropriate U.S. institutions; assist local institutions
 
(b) help develop cooperatives, in the development of
 
especially by technical assistance, ecologically acceptable
 
to assist rural and urban poor to control measures.
 
help themselves toward a better life, Finally, the program is
 
and otherwise encourage democratic designed to facilitate
 
private and local governmental both regional and inter
institutions; (c) support the national coordination
 
self-help efforts of developing in addressing the pest
 
countries; (d) promote the problem.
 
participation of women in the
 
national economies of developing
 
countries and the improvement of
 
women's status; and (e) utilize and
 
encourage regional cooperation by
 
developing countries.
 

c. 	FAA Secs. 103, 103A, 104, 105, 106, Yes.
 
120-21. Does the project fit the
 
criteria for the source of funds
 
(functional account) being used?
 

d. 	FAA Sec. 107. Is emphasis placed on Not Applicable.
 
use of appropriate technology
 
(relatively smaller, cost-saving,
 
labor-using technologies that are
 
generally most appropriate for the
 
small farms, small businesses, and
 
small incomes of the poor)?
 

e. 	FAA Secs. 110, 124(d). Will the Not Applicable.
 
recipient country provide at least 25
 
percent of the costs of the program,
 
project, or activity with respect to
 
which the assistance is to be
 
furnished (or is the latter
 
cost-sharing requirement being waived
 
for a "relatively least developed"
 
country)?
 

f. 	FAA Sec. 128(b). If the activity By helping to control
 
attempts to increase the locusts and grasshoppers,
 
institutional capabilities of private small subsistence
 
organizations or the government of farmers and their fami
the country, or if it attempts to lies will be the primary
 
stimulate scientific and beneficiaries of this
 
technological research, has it been project.
 
designed and will it be monitored to
 
ensure that the ultimate
 
beneficiaries are the poor majority?
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g. 


h. 


i. 


FAA Sec. 281(b). Describe extent to The program addresses a
 
which program recognizes the major emergency facing
several African countries
 particular needs, desires, and 


and is designed to utiliz
 capacities of the people of the 


country; utilizes the country's 	 locally-based institu
tions and resources to
to encourage
intellectual resources 

the maximum extent ptosi
institutional development; and 


supports civil education and trainingble.
 
in skills required for effective
 
participation in governmental
 
processes essential to
 
self-government.
 

FY 1988 Continuing Resolution Sec. 	 No.
 
538. Are any of the funds to be used
 
for the performance of abortions as a
 
method of family planning or to
 
motivate or coerce any person to
 
practice abortions?
 

Are any of the funds to be used to No.
 
pay for the performance of
 
involuntary sterilization as a method
 
of family planning or to coerce or
 
provide any financial incentive to
 
any person to undergo sterilizations?
 

Are any of the funds to be used to No.
 
pay for any biomedical research which
 
relates, in whole or in part, to
 
methods of, or the performance of,
 
abortions or involuntary
 
sterilization as a means of family
 
planning?
 

FY 1988 Continuing Resolution. Is No.
 
the assistance being made available
 
to any organization or program which
 
has been determined to support or
 
participate in the management of a
 
program of coercive abortion or
 
involuntary sterilization?
 

If assistance is from the population
 
functional account, are any of the
 
funds to be made available to
 
voluntary family planning projects
 
which do not offer, either directly
 
or through referral to or information
 
about access to, a broad range of
 
family planning methods and services?
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j. 	FAA Sec. 601(e). Will the project Yes.
 
utilize competitive selection
 
procedures for the awarding of
 
contracts, except where applicable
 
procurement rules allow otherwise?
 

k. 	FY 1988 Continuing Resolution. What It is anticipated the
 
portion of the funds will be major technical assis
available only for activities of tance contract will be
 
economically and rocially awarded using full and
 
disadvantaged enterprises, open competition. Other

historically black colleges and remaining implementation
 
universities, colleges and contracts will be awarded
 
universities having a student body into the extent possible

which more than 20 percent of the to disadvantaged
 
students are Hispanic Americans. and enterprises.
 
private and voluntary organizations
 
which are controlled by individuals
 
who are black Americans, Hispanic
 
Americans, or Native Americans, or
 
who are economically or socially

disadvantaged (including women)?
 

1. 	FAA'Sec. 118(c). Does the assistance Yes.
 
comply with the environmental
 
procedures set forth in A.I.D.
 
Regulation 16? Does the assistance
 
place a high priority on conservation
 
and sustainable management of
 
tropical forests? Specifically, does
 
the assistance, to the fullest extent
 
feasible: (a) stress the importance
 
of conserving and sustainably
 
managing forest resources; (b)
 
support activities which ofle/
 
employment and income alternatives to
 
those who otherwise would cause
 
destruction and loss of forests, and
 
help countries identify and implement
 
alternatives to colonizing forested
 
areas; (c) support training
 
programs, educational efforts, and
 
the establishment or strengthening of
 
institutions to improve forest
 
management; (d) help end destructive
 
slash-and-burn agriculture by
 
supporting stable and productive
 
farming practices; (e) help conserve
 
forests which have not yet been
 
degraded by helping to increase
 
production on lands already cleared
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or degraded: (f) conserve forested
 
watersheds and rehabilitate those
 
which have been deforested; (g)
 
support training, research, and other
 
actions which lead to sustainable and
 
more environmentally sound practices
 
for timber harvesting, removal, and
 
processing; (h) support research to
 
expand knowledge of trcpical forests
 
and identify alternatives which will
 
prevent forest destruction, loss, or
 
degradation; (i) conserve biologica7
 
diversity in forest areas by
 
supporting efforts to identify.
 
establish, and maintain a
 
representative network of protected
 
tropical forest ecosystems on a
 
worldwide basis, by making the
 
establishment of protected areas a
 
condition of support for activities
 
involving forest clearance or
 
degradation, and by helping to
 
identify tropical forest ecosystems
 
and species in need of protection and
 
establish and maintain appropriate
 
protected areas; (j) seek to
 
increase the awareness of U.S.
 
government agencies and other donors
 
of the immediate and long-term value
 
of tropical forests; and (k)/utilize
 
the resources and 'abilities of all
 
relevant U.S. government agencies?
 

m. 	FAA Sec. 118(c)(13). If the Not Applicable.
 
assistance will support a program or
 
project significantly affecting
 
tropical forests (including projects
 
involving the planting of exotic
 
plant species), will the program or
 
project (a) be based upon careful
 
analysis of the alternatives
 
available to achieve the best
 
sustainable use of the land, and
 
(b)/take full account of the
 
environmental impacts of the proposed
 
activities on biological diversity?
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n. 	FAA Sec. 118(c)(14). Will assistance No.
 
be used for (a) the procurement or
 
use of logging equipment, unless an
 
environmental assessment indicates
 
that all timber harvesting operations
 
involved will be conducted in an
 
environmentally sound manner and that
 
the proposed activity will produce
 
positive economic benefits and
 
sustainable forest management
 
systems; or (b) actions which will
 
significantly degrade national parks
 
or similar protected areas which
 
contain tropical forests, or
 
introduce exotic plants or animals
 
into such areas?
 

o. 	FAA Sec. 118(c)(15). Will assistance No.
 
be used for (a) activities which
 
would result in the conversion of
 
forest lands to the rearing of
 
livestock; (b) the construction,
 
upgrading, or maintenance of roads
 
(including temporary haul roads for
 
logging or other extractive
 
industries) which pass through
 
relatively undegraded forest lands;
 
(c) the colonization of forest lands;
 
or (d) the construction of dams or
 
other water control structures which
 
flood relatively undegraded forest
 
lands, unless with respect to each
 
such activity an environmental
 
assessment indicates that the
 
activity will contribute
 
sligniicantly and directly to
 
improving the livelihood of the rural
 
poor and will be conducted in an
 
environmentally sound manner which
 
supports sustainable development?
 

p. 	FY 1988 ContinuinQ Resolution If Not Applicable.
 
assistance will come from the
 
Sub-Saharan Africa DA account, is it
 
(a) to be used to help the poor
 
majority in Sub-Saharan Africa
 
through a process of long-term
 
development and economic growth that
 
is equitable, participatory.

environmentally sustainable, and
 
self-reliant; (b) being provided in
 



accordance with the policies
 
contained in section 102 of the FAA;
 
(c) being provided, when conistent
 
with the cbjectives of such
 
assistance, through African, United
 
States and other PVOs that have
 
demonstrated effectiveness in the
 
promotion of local grassroots
 
activities on behalf of long-term
 
development in Sub-Saharan Africa;
 
(d) being used to help overcome
 
shorter-term constraints to long-term
 
development, to promote reform of
 
sectoral economic policies, to
 
support the critical sector
 
priorities of agricultural production
 
and natural resources, health.
 
Voluntary family planning services,
 
education, and income generating
 
opportunities, to bring about
 
appropriate sectoral restructuring of
 
the Sub-Saharan African economies, to
 
support reform in public
 
administration and finances and to
 
establish a favorable environment for
 
individual enterprise and
 
self-sustaining development, and to
 
take into account, in assisted policy
 
reforms, the need to protect
 
vulnerable groups; (e) being used to
 
increase agricultural production in
 
ways that protect and restore the
 
natural resource base, especially
 
food production, to maintain and
 
improve basic transportation and
 
communication networks, to maintain
 
and restore the natural resource base
 
in ways that increase agricultural
 
production, to improve health
 
conditions with special emphasis on
 
meeting the health needs of mothers
 
and children, including the
 
establishment of self-sustaining
 
primary health care systems that give
 
priority to preventive care, to
 
provide increased access to voluntary
 
family planning services, to improve
 
basic literacy and mathematics
 
especially to those outside the
 
formal educational system and to
 
improve primary education, and to
 
develop income-generating
 
opportunities for the unemployed and
 
underemployed in urban and rural
 
areas?
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2. Development Assistance Proiect Criteria
 
(Loans Only)
 

a. 	FAA Sec. 122(b). information and Not Applicable

conclusion on capacity of the country to
 
repay the loan at a reasonable rate of
 
interest.
 

b. 	FAA Sec. 620(d). If assistance is for
 
any productive enterprise which will
 
compete with U.S. enterprises, is there
 
an agreement by the recipient country to
 
prevent export to the U.S. of more than
 
20 percent of the enterprise's annual
 
production during the life of the loan,
 
or has the requirement to enter into such
 
an agreement been waived by the President
 
because of a national security interest?
 

c. 	FY 1988 Continuinq Resolution. If for a
 
loan to a private sector institution from
 
funds made available to carry out the
 
provisions of FAA Sections 103 through
 
106, will loan be provided, to the
 
maximum extent practicable, at or near
 
the prevailing interest rate paid on
 
Treasury obligations of similar maturity
 
at the time of obligating such funds?
 

d. 	FAA Sec. 122(b). Does the activity give
 
reasonable promise of assisting
 
long-range plans and programs designed to
 
develop economic resources and increase
 
productive capacities?
 



3. Economic Support Fund Proiect Criteria
 

a. 	FAA Sec. 531(a). Will this assistance Yes.
 
promote economic and political
 
stability? To the maximum extent
 
feasible, is this assistance consistent
 
with the policy directions, purposes, and
 
programs of Part I of the FAA?
 

b. 	FAA Sec. 531(e). Will this assistance be No.
 
used for military or paramilitary
 
purposes?
 

c. 	FAA Sec. 609. if commodities are to be Not Applicable.
 
granted so that sale proceeds will accrue
 
to the recipient country, have Special
 
Account (counterpart) arrangements been
 
made?
 



ANNEX H
 

:NITIAL E"v:RONMENTAL EY.XINATION 

.rj ec: C:,trv: Africa Regional 

Src * ec: T I es: Africa Emergency Locust/Grasshopper Assistance 
(698-0517)
 

und-nz: FY (s) 87-89 $26,570,000
 

:7- "re'ared by: B. L. Boyd
 

.v.irc -. :a. Aczicrn Re,: -- ended: 

This is an on-going Program revised to incorporate the
 
following changes: 1. Increase funding and 2. Extend life of
 
Project. These changes will not have an environmental impact
 
not previously assessed.
 

However, a new component has been added to the project for
 
Rodent Control. This activity is aimed at providing the
 
Sahelian governments with sound technical advice on how to
 
control rodent outbrea"s.
 

Zinc Phosphide and Warfarin are the Rodenticides approved for
 
use in this research efforts. Based on the analysis of the
 
economic, social and environmental risks and benefits of the
 
planned rodenticide use, these rodenticides will not result in
 
significant adverse environmental impact provided that
 
quantities obtained and methods of applications, handling
 
precautions and distribution are in accordance with the
 
provisions of prior project guidance.
 

Positive Determination
 
Negative Determination X 

Concurrence:( B re hvir h na cer) APPROVED X 
le L. yie~ 

DISAPPROVED 

PIN 9 DATE 7/18/88 

CLEARANCE: GC/AFR "_____________DATE 
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