
'REMOTE, SENSING"FOR AGRICULTURE, SYNOPSIS OF EXPERIENCE AND RE COMMENDATIONS 

FOR PROGRAMREVIE W' , '-

I History and Background-

Remote Sensing For Agriculture (Project no 931-1224)
 

-, ' 	 PASA agreements governing project negotiated August, 1978 and 

. " 	 amended August 1979. 4The cooperating USDA Agency, is the 

i: rl ' Statistical ,Reporting, Service. (PASA AG/DSB-1224-6-78) 

"Projected
. -	 termination date December, 1983. 

: ' --	 Dollar amount authorized by AID through L.O.P., $2,209,500. All 

av~liable funds projected to be dispersed by December, 1983. 

4 -, At time of P.P. design, major program focus of the Office of

- 44 ,Science and Technology was application and use of advanced 

technology. In this case, -technology growing out of- the LANDSAT 

programs. Later phases of the project were to i'nclude direct 

estimation of crop production using ing y natdie.computer 

(2.	 teclinotogy. 
4 

4-

Prepared by D. S. Ferguson, Natural Resource Coordinator, oICD/TA, ApriL 
33.?
 



A second priority of the Of [ice was sponsored research. 

Consequent ly, the scope of work called for USIA/SFS to develop a. 

"research design f or an y or thatearould be required tb adapt this 

technology to conditions in AID client countries. , 

The Project was to consist of four phases in cooperating countries: 

Phase 1. Construetiot? of area frame for a region or all of the 

S co untry. 

Phase 2. Use of frame for one or more pilot 4nplie surveys with 

assistance in instrument design, analysis and sunmary. 

#,, (Where Phases I and I[ were completed: 

Phase 3. Direct measurement of crop areas 1 LANDSAT imagery. 

Phase 4. Agro-meterological (AGROFnTT) models designed for use in 

/scrop yield estimates. 

All of these activities are part of USDA/SRS domestic programs and are 

also used by USDA in making crop estimates for seLected foreign countries of 

strategic, political or commercial importance.
 

Ui The USDA is the lead department in a joint US Government program for, 

"Agricul ture and Resource Inventory Surveys through Aerospa/ce lIemote Sensing 

V' (Agri STARS).. Participating departmenzs are Comrnerce, interior, arnd NASA. 

AID is a participant observer. 
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;'-, The research design component was expected to provide a technical scope 

f 
 '',.of work ' a research and :,:,, for follow-on proj'ect- rhit- would develop demonstrate :.. 

• , , ,appro pri ate met hodolIgy for phase I II an d iV a ctivi ti es sui ted f or ius e in low i, .
 

nrmncoun i es ee] differ from deveoped countraies[[22 ihatifelds ten d
 

r*)

Lurthmot.par 'tropical countries. It should be emphasized that phase" 

IVseandactivities require functioning statistical services to. provide
 

B/
',.ground truth data and information for sensor calibration. 

:. , USDA, with AID concurranice did not prepare a scope of work for this new 

project [or the following reasons:
 

it [,The". performance of e"arly satellites provedthe . LANDSAT to be
 
aprpdisappointing af toward the end of the 
period the satellites were
 

!, nor: providing current. enhanced imagery. Therefore digital
 

-classification would have been difficult if not impossible. Older 
 < ;f 
ncm utimages wereused as base maps for some countries as an aid i nen 

B" i " , 

: ~stratification only. 
. • 

B SAwt IDcnurac i reaea.cp.o.ok 
"-

o hi e .. 

•, Aouto oloigraosthle pcogrmit focus the2 Development Support. Bureau
 
, :shifted from advanc , technology appicationsand research ytoward
 

.thmission support. c ofs. the igh and growing demand for Phases 

prjc 2. h 1980, in 

trop lcoun 

activites DAfunc at PASA 


8gro... additiodal 


IP and 2 ,U authorized tosti unds for 

n Lcinical assirsance. clbtin
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II The 	Area Frame Approach to Data Collection and Analsis 

In brief, the area frame project as implemented by USDA/SRS included tile 

following steps: 

1. 	Basic frame construction using maps, air photos and enhanced
 

satellite imagery;
 

2. 	Drawings samples of segments to estimate population parameters;
 

3. 	 Design and application of survey instruments; 

4. 	Summary and preliminary analysis of results;
 

5. 	Application of statistical procedures to estimate confidence
 

intervals and tests of accuracy;
 

6. 	 Evaluation of utility of data/infonnation by end users; and 

7. 	Training of adminit:trative and field staff.
 

Befo... work was initiated, a PASA team member(s) would visit the 

country to meet with government officials responsible for agricultural 

sector data collection and analysis to determine their interest in the 

program and their perceived data priorities. 

tn each country, a memorandum o Understanding (, I was negotiated 

which spel Led out 'the contributions to be made by USDA, Kie h agency and 

" 
.y USA ID if additional funding ,,was provided from a b ilatera i-project2c t . Eac 

iMOt specified t he dispos Ltion of the data obtained. In no cas did SNRs 

bring the d ata back to 
b~i -	 ": 

the U.S. for os.w,by USDA analysts,.
-. ,,
 



Second, a district or region was selected for initial frame 

construction, one or more 
surveys were carried out, data were summarized and
 

the results published. 

In all countries assisted, hands-on training was carried out. In no 

,case did the US'jA staff physically do the necessary work and no data ways 

processed outside the host country. The PASA provided mini-computers to th.Q

host country institation, and USDA developed software to facilitate summar!y 

of field surveys. As conditions vary substantially, among countries "cook 

book manuals" were found to have little value, although several guides were 

developed. SRS is currently working with OICO's International Training 

Division in the design of two short coursses; one targeted at program 

managers and the second targeted at field ievel technicians. Both are to be 

available in FY 84. 

Discussions with SRS personnel closely associated 'with' the PASA has 

brought out a number of points for further ianalysis. 

. Technology in the area of remor se 3ng and data processing and 

management remai.ns highly dynamic I does offer significant 

opportunities to: ;I) reduce tle cos1 li 'odata collection without 

loss of quality; b) sut)stan tiaLty i1reae the. quality of data for 

the same or s;l ightly :,ck.ater expendi t'.tre; and c) offers the only 

reaL pOSsLbiLLil'- to monoitor trnds in .1',he. eiivirorment at reasonabie 

Cost . 

http:remai.ns


2. The area frame sampling package is not a turn key operation. It has 

been int roduced i nt o hos t count ry agencies of wide L y di ff ering 

levels of sophistication. Because the felt need for more and better 

data bases increases with development (and the cost of poor data 

becomes absolutely greater) there is a need for programs sponsored 

by some international entity(s) working tq,,itinually up-grade the 

institutional and individual skill levels of collection/analysis 

systems. The skill package is not just book learning but, more 

importantly, the management and Iintegrzation of data/information 

systems within public services.
 

3. 	 In the USDA, there is an appropriate division of responsibility 

between the Economic Research Service (ERS) and the Statistical 

Reporting ServiceRzS), In principai, ERS (and Congress) determine 

what data Lases, relating to current agricultural information, are
 

.,required. SR6 determines the best methodology to be used and 

collects, summarizes and publishes the data. ERS, then is 

responsible for policy analysis and projections and propares vario'us 

situation (current) and outlook (future) statements. The same 

division of labor is reconanended for LDC's , at least in concept, and 

a complete technical assistance 2 ack 2 (although not necessarily 

the same proijeer) would need to provide technical assistance in both 

data collection ard diata.l Jnlayis. 

Thriee possible lprogram sihortLfa have een. ndentifiCd; isi I, i t 

possble thiat not adequate attention was given to assist tlih conitries in 

determi ning t-he most constra Ining data/intforint on uase needs. Minstry or 

.2 	 *y t 
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agencyloficials in ail. cases determined both subject_ and r .onal,,points._of_ 

departure. 2, 1ttle attention was 
given to assure that optimum use of the
 

data was made by public and private sector decision makers. In some of the 

countries assisted, other AID projects 
were providg assistance in data
 

analysis, use and dissemination. These include Philippines, Cameroon and
 

Botswana and in a new project in Sudan. 3, the Fall 
1981 evaluation
 

indicated that greater use could have been made of enhanced satellite
 

imagery in stratification, and more attention should be 
given to training in
 

this area.
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i iji,.;:. i I II. Sugge s t ons f or P ro gram •Review ; -. : , • " " ,...., : . , , . 

Thle "program review shiould examine teoiia rjc supin o 

S 
- i_-!,sets: of 

validityof 
assumptions) and to :the 

these assumptins. 
extent possible, ident.ify indicators of the i 

_A. __riority of Improved data/ information systems for AID client 

countries 

Modern nation sta"taes , regard~ess ol their Level, or stage of economic,. . 

., develo'pment , require some minimumi set of Statistical data and informiation at 

s.0e standard ofaccuracy timeliness Lnd coverage The assumption is that 

the process of economicgrowth t and the allocation of Limited public and 

private sector re s can be enhanced by improved information 

Conversely., there are substantial identifiable costs of not hlaving adequate, 

information 'available. to both the public and private sectors. 

The cost of i mnadovuate data tends to becoe more evident as economics 

become more comple and incountries wnir.arger (.'tr"ebsolsute erms) 

.economies. AS LtS 'pr.imary appticati'oii is iin Lho colLe2ctioni Of Current 
oagrcultura Lind rural. informarLon, its ruLeitive importance may be greatest 

4,' - " , 

deLnv countries, were arocimume is the doitint icoinonicd scL and/or a 
Conversly,thee are sbstantil ident fiable - cost 6fno-hvgadqut 

aprivt ector eors a major sourceofb ripvenue o rincome instabi.Lity. 
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.B.,:•., ,, Su- eri a ri., y G ra :"a.e . -9 -4li g .ppro• . to ot er sampl-in. . -• ,., •• • 

'procedures 

... Area frame sampling is not a new procedure, as it has beenin use by 

USDA/SI6S for roughly 40 years. However, most countrie continue A rely on 

List frames rather than area frames as the primary bapis for sampling and 

enumeration. 

-

The assumption is that for the purpos's of estimating current 

agricultural data, the area frame will provide more :timely and cost 

effective estimates than list frame procedures. While for some purposes 

complete census enumeration or use of list frames may be indicated, most 

priority data can be' estimated using an area frame. 

i4 ) 

An indication of the range of data :sets which are 

using an area frame approach are shown in Figure L. 

amendable to estimates 

C. Process of technology transfer and instit'utionalization 

•, 

institutions, as well as individuals, develop skilLs andfpcograms 

incrementally. One indicator of the value of area frame sampling procedures 

would be its adoption and use by nost country agencies for progressively 

larger and more sophisticated uses and Cor a wider'"range of data seLs. More 

objeoctivye indicat ors would U od th" timalinuss, obiecivss, raecisL5o, 

and recliability , of data coLlection pri or to, and af ec project 

implemenation. the LoLLowing can ne usedJ as means~ of verification of these 

crtteria: 
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a. 	 meie ss--4Ere qutenc y of- pubIcation-of- s ur vey- res ults -and- time 

lapse from data collection to publ ication. 

b• 	 Objectiveness - make random spot checks 'to verify accuracy of field 

data. Evaluate quality control measures employed. 

C. 	 Precision and reliability - compute sampling errors, identify 

possible sour'ces on non-sampling errors, and compare data with other 

data 	sources.
 

The 	assumption is that countries that have received assistance
 

should either currently, or upon further elvaluation, show improvements in 

these indicators.
 

D. Extension of state of the art technology to selected AID countries 

The original project concept anticipated that rapid progress i.l 

state of art technology in remote sensing and computerized systems of data . 

,	surnary would occur, which would lead to their adoption and use in, some AID 

client countries. This technology provides a new tool to more rapidly 

assess crop acreage and conditions, advancing the date by which reliable 

cro1 production estimates cain, be made. Second, it can be used as an aid in 

mapping Inatural resources and mouioring trends in resource use and 

qua I icy. Area frame sampLing isa necessar corpanio n program to provide 

the "ground int " to tune ,en:Iso s and wvli.,.Iate rt.,iults. The ass unptions 

are that" 



ILh I As ate A. a rt!.wiI. continue.o.improve .I ead ing-to., ts

by addi'tional, countries and/or regionally based organizations; 

........... , ;b) the uses to which area LTm-fe sampling -procedures may be applied 
will expand in number and i.mportance with time and the level of 

"...development; and 

' 
(1 c) the US will continue to be a l.eader in this technology and its 

applilcation. 

1-.-)AL 
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uYFi,Kr. Iypes of. Surye ysKand.. red .qutFreq n .. 
. ........ 

T, eOf Survey Beginning Date Frequency 

Area yield,and production of> 
pri ncpa "cuLtivated crops July Annually 

Cattle, birds on feed (type, , 

age , birth, death, slaughter, 
sales and production) " January/July 'Twice"yearly 

Production and y-ields of 
principal crops January year 2 Annually 

Objective yield estimates of 
principal crops June year 2 Annually 

. Quantity, price paid a nd 
received by -producers; 

, utilization of inputs June year 2. Annually 

household suryys " year 3 Annually 

Labor . year 2 A Annually 

Cost of produclion year 4 5 yr intervals 

Food consumptio . " year 5 5 yr intervals 

Land use and ownership year 5 5 yr interval 

Management practices 5 yr intervals. 

Levels of technology 5 yr intervals 

Credit and marketinmg 5 yr intervals 

4 Energy use .5 yr .inturva'ts 

Lrrigation studies ! ' :5 yr intervals 

. orQsL Lnventories 5 yr intervals 

Lneome and expenditurus LI 5 yr intervals 

Other inFormaLion as needed ,5 yr i nter val s 
4K 4 . , ' : " " ' " . 4! . ' , ;!' . , ' 



.... _':.,. ::: : : Y hay, aspects.. of. the area frame sampling .approach:to:.. .. : :.. .' .: 

, ..-.. ':. " agriculthral and rural sector data collection and analysis 

i :;- make it appropriate for use in AID client' countri 's? 

i!- -- What data/linformation sets for which AFS is most (least) ii 

.. ~appro pri a te?" : 
11 13 .'1 
.- .~I ... sthere imper~cal information that AFS-has proved to be more 

(lesO) cost effective than list Frame procedures formerly used?. 

::',: :--Are: : there indications that human resources (skill training) 

and materials (equipment) required Ar AFS can easily be .. 

"adopted and used when list frame samples are the method of 

, • 2. is there a minimum level 6ginstitutional-capability (and 

.... '.. .. level, of development) bei~w which an AFS approach is not . 

: :appropriate? Should it be promoted i~n small, poorly endow~ed 
Scountries, as well astarge, more institutionaly 

Agne.
 

so ph i s tica ted ones ? .,... 

':"" ;:"::Progross,:; (probLems) . . ..it "sin "dsm, r 

, ::i; {:,::: : ':i. /'mountainuu{s andi humid.:tropica.l. agroucu ngtcal regions";. 

.rogess ,prohLums) innf rof c n s truction and fieldn 

- iat dataifrCat ionf setsor n t hcild enumat (l a s 

. - -
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. .. 7 Progresspro blIems .w h ere ver y.large. numbe rs -o fsmal. 

q holdings and plots per segment. 

13. Institutionalization and Training. 

y Approach to overcoming Constraints to InstitutLionalization and 

use of APS (Examplies) 

.. Lack of experieic with AFS approach and/or commitment to 

other procedures. 

7- Within the agency being assisted, less than desiraole data 

management and processing capability. 

LOW levels of prior training and motivation of staff. 

-- Poor quality of base maps, aerial photography and, where 

- used, satellite imagery. 

2. Categories and comparitive effectiveness of Technical 

Assistance moces 

a. Resident team: ., . 

).--quo I if ied, s peci.a I t ss----

--. local support assistantO 

- ; b. Periodic TDY assistance at crit:ical points in process to 

conplement resident ;pecai laIs, if any. 

c. Relat ionshi p between host agonc Vcapai) L.Ly, types of data 

s.ts to be est imnat .,d and 
U 

optimum miix of resident and 
. . 

"DY 
A 



3 Human 	 resource development Types of stall development 

training employed and effectiveness:
 

a. 	 Hands-on trainin g in-country--Learning by doing under
 

specialist guidance.
 

b. 	 Hands-on trai.ning in US (or other country) in agencies with 

similar programs. 

{,. c. Short 'cobs es: content and duration matched with job tasks 	 of, 
RI 

participants. 

d., Training evaluated as being useful by program managers and 

participants. 

4. 	 Adminisration of Program 

-- Advantages/disadvantages of negotiated cooperative 

agreements between USDA, ihost agency and AID indicaring 

services to be provided time friunv and budget prior to 

commencemnLt of project on expanded activities 

-. Advantages/disadvantages of Linking US agency with. 

domestic responsibility for coec11!tion1 Of Current 

agricuL.tural i. nfonnation with, host country , gency with 

similar res pons i biLiti.es, . 

-- Res ponsi v nes.; of USI)A/OLCD and SRS to ALD/W, USAID and 

host country requests ar assistance.
 

41>,• ?": 	 .i: .
 



. Recoimnendations for Pro gram Continuation 

Opportunities to leverage trans fer of the, area frame sampling 

approach through cooperation with other bilateral donors, FAO 

and regional, organizations: 

-- Does the AFS approach, and the data set prioritization to 

which it applies, meet with the general acceptance of 

others promoting improved data information packages such 

as FAO, IICA, etc.? 

; ".... IC not, how 

- improved? 

can cooperation and standardization be 

2. Com)pecnentary/cooperation with other AID centrally funded, and 

bilateral and regional projects and progra," 

Exampl es 

, 

--

--

-- Forestry and relaited nlatural resources inventory 

Soil skirvey and management 

Regional remote sensi ng 

Agricultturai sector as:eessment and planning 

Techino)logy t ranstfer , Carmin; systein.s res earch 

NatioiiaL food policy nid PL-t640 programs 
App lication.ind use of st-u, art technologytLol.D.C.L 

.,'O, .. ....... 
(10*'' VOOpl -1 

. 
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- Demographic and social' indicators 

3. Suggested key e ,-of new cnraly funded project 

a. Ongoing and new program 

- Updating LDC national staff in new developments in 

statistical procedures, data management, etc. 

-, Troubleshooting by specialists to overcome methodological 

or program management probl ems. 

-- Training of new employees as th~ey entcr -service. 

.. ... Identifying "best" hardware and sof tware packages for use 

in area frame sampling programs 

- Sponsorship of regional workshops 

b. New (or elementary) programs7 

- Problem identification as a prelude to PID and PP design. 

ExpoSure/familiarization.,-- of host country staff to area 

frame sampling methods. 

* -- Design and presentation of short courses and preparation 

of instructional manuals ad field guides. 

R-lef inoment, of framne constLruct ion 1rocpdures for di fficul t 

elvi ronments. 

Promotion of area t raie sam'L ing methIods foz appLication

to natural resources mapping and monitoring.
 


