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I. Project Summary and Recommendations
 

A. Summary
 

The Remote Sensing for Agriculture project intands to carry on a
 

crop production estimation program started under Remote Sensing for
 

Resource Assessment project, 931-1166. The crop estimation program con

sists of four phases, which are described in this project paper under
 

II.B. Project Strategy. The first phase, area frame sampling, is
 

presently under way in ten countries under the Remote Sensing for Resource
 

Assessment project by means of a PASA with the U.S. Department of
 

Agriculture (USDA) for $796,500. Most of the ten countries will have
 

This Remote Sensing for Agriculture
completed this phase under the PASA. 


project is to carry out phases 2 through 4 an4, if necessary, to complete
 

phase 1 in those countries just beginning to initiate crop statistical
 

procedures. It is also stressed that only complete mastery of the tech

niques of phase 1 and the construction of an area frame in the major crop
 

producing areas are necessary before proceeding to phases 2-4. In other
 

words, for countries already technically equipped, phases 2-4 can be
 

carried out in parallel to finishing up phase 1.
 

Nine countries (Costs Rica. Dominican Republic, Jamaica, Bolivia, 

Ecuador, Morocco, Thailand, Philippines and Indonesia) have been selected 

to partirpate in a four phase Remote Sensing for Agriculture project. 

The capability for each country to carry out the four phases of the 

project In amnentued and based on thin data the capability of LDCa in 

general to carry out the four phases of the project is given. 

All nine countries have high Interest and motivAton and acceptable

to-good capability of carrying out Phases 1 (Area Frame Construction)
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and 2 (Field Enumeration and National Agricultural Statistics Totals) of
 

the project. With adequate AID support the nine countries should be able
 

to either upgrade or initiate and complete an area frame and gather at
 

least one and possibly two years' national agricultural statistics totals
 

during the life of the Remote Sensing for Agriculture (RSA) project.
 

For Phases 3 and 4 (computer classification phase and agricultural
 

meteorological modeling phase) no one of the countries is presently in a
 

position to introduce the computer classification phase without substantial
 

technical assistance, continuous cooperative counterpart training and
 

management and probably substantial hardware acquisitions. If AID wishes
 

to accelerate the adoption of the computer classification approach in
 

conjunction with quality ground enumeration based on a good statistical
 

design, it will need to make a substantial research and development in

vestment in several of the countries. AID may thereby develop a quasi

transportable approach that may, with modifications, be introduced to
 

other countries. Even though each country will in essence be a case in
 

itself, several well planned and carefully developed programs will be
 

necessary to start the process.
 

For most of the countries agricultural-meteorological modeling
 

appears out of the question at this time. However, for four countries
 

-Morocco, Jamaica, Thailand, and the Dominican Republic--there is high
 

interest in this phase along with some capability in the country.
 

Before a commitment to Phases 3 or 4 in any of the courtries can
 

be made, feasibility analyses are required both in the country and in
 

the U.S. to define the exact form the computer cl4asification phase
 

should take, and the details of agricultural-meteorological modeling.
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It in clear that in the introduction of these technologies to the
 

developing world, a long-term view must be taken. Effective introduction
 

of Phases 3 and 4 demands that Phases 1 and 2 be introduced, including
 

an objective yield survey technique. In most instances at least several
 

years experience with area frame technology and enumeration procedures
 

should be.available before moving into later phases. The wisest invest-

ment of AID funds without over-promising, and without over-commitment to
 

a substantial research and development program, requires the major emphasis
 

and investment go into iatroducing Phases 1 and 2 in as may of the
 

countries as is reasonable and feasible. Nevertheless, there are merits
 

in deliberately fostering several research and development programs for
 

Phase 3 and Phase 4 in a carefully selected Rample of these countries.
 

The purposes of this R&D program would be to asseso for the countries
 

concerned the relative advantages of investment in computer classification
 

and agricultural-meteorological modeling in comparison with alternative
 

investments in improving acreage estimates in the field enumeration phase
 

and through providing a larger sample for objective yield measurements.
 

Finally, in order to transfer what appears to be an important appli

cation of remote sensing for crop monitoring to the greatest number of
 

LDC countries, including those proposed directly for this project as well
 

as all the remainder, this project will include four additional components:
 

1. Support for international symposia which have. as a basic theme,
 

the use of remote nensing technology for the monitoring and ansess

ment of crop status for the purpose of crop production entimation.
 

These symposia would include the 16th International Symposium on
 

Remote Sensing of Environment if held in an LDC.
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2. Training of LDC remote sensing technicians in the U.S. for
 

countries not included in the ten countries described in this Project
 

Paper. This training would be provided on a case by case basis, with
 

selection being made on the Interests of the candidates for training
 

in agricultural applications where the host government can show
 

thathis (her) training and knowledge can influence his (her) country's
 

methodology of acquiring crop statistics.
 

3. Construction and sending of exhibits to international conventions,
 

symposia, and workshops. DS/ST and USDA have already been requested
 

by the FAO and the U.N. to present area frame sampling methodology
 

with display booths to agricultural planners in Africa and Asia.
 

There will be a continuing need during the life of this project to
 

present crop measurement techniques by means of display boards to
 

high level officials.
 

4. In order to transfer the methodology of this project to all
 

LDCs, DS/ST will attempt in each of the nine countries identified
 

in this paper to conduct a workshop near the end of Phase 4, with
 

invitAtions tc neighboring countries so that they can learn about
 

the methodolcgy and to FAO representatives to convince them the
 

methodology i an assistance tool appropriate for LDCs. Attempts
 

will be mado to fit the project within the data collection require

ments of USAID missions in their ongoing agricultural development
 

projects (this fit has already been identified by the missions
 

in Jamaica, Dominican Republic, Costs Rica, and, to & more
 

limited extent, Mrocco). 



B. Recommendations 

The principal recommendation for this project is for the further
 

expansion of Remote Sensing for Agriculture support to new countries by:
 

-- Commitment of initiation or upgrading, and completion, of
 

Phases 1 and 2 (area frame construction and field enumeration)
 

including objective yield surveys for:
 

Costa Rica
 
Dominican Republic
 
Jamaica
 
Bolivia
 
Ecuador
 
Morocco
 
Thailand
 
Indonesia
 
Philippines
 

Implementation recommended for each country.
 

Each commitment should begin promptly after PP approval.
 

Detailed pre-feasibility studies on introduction of Phase 3 for:
 

Costa Rica or
 
Dominican Republic Select one only for feasibility study 

Ecuador or Bolivia Select one only for feasibility study 

Morocco Feasibility study 

Thailand Feasibility study 

Pre-feasibility analysis to be corpleted before Dec. 1. 1979.
 

Commitment to appropriate Phase 3 before March 1980.
 

Work on Phase 3 (training, tesearch software development, 
provision of hardware, it needed) to proceed in parallel vith 
Phasoal & 2.
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- Detailed pre-feasibility study for introduction of Phase 4 

with anticipation that a limited Phasa 4 experiment and 

development project would be introduced for each of the 

following countries: 

Morocco (confined to snall grains)
 

Dominican Republic
 
and/or Jamaica (confined to sugar cane)
 

Thailand (selected crops)
 

Pre-feasibility analysis to be completed before Dec. 1, 1979.
 

Commitment to appropriate Phase 4 before March 1980.
 

Work on Phase 4 (training, research software development.
 

provision of hardware, if needed) to proceed in parallel
 

with Phases I & 2.
 

If feasibility studies reveal that it is not appropriate to
 

conduct Phases (3) and (4) in a country, then the additional funding
 

freed by not conducting thease phases Should be 4sed to initiate the
 

area frame iample development (Rhaaa1) and field enumeration (Phase 2)
 

in one of several countries which have requedrad tht* project, but the 

request for which AhD/W OSiT vannut honor 4Je to tundlng imitKtIonS. 

Thooo countriot requesting thia project. and not Included in this PP 

are: Tan1n4, TunbIA1, ach, n414, KanyA 403MAn epAl. nd dan. 

The roader Is reforrod to Annex I for the Individual Country
 

Profiles. 
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IIo Project Background and Strata=
 

A. Project Background 

Civil remote sensing applications were born from the
 

requirements of measuring, monitoring, and assessing crops.
 

of all the applicaticns of remote sensing technology, none
 

challenge its sensors more, none offer the greatest potential
 

to stave imminent starvation, and none demand the degree of
 

ccntinuous surveillance, as agriculture. Crops are dynamic,
 

their qrowth and states change weekly, far too frequently to
 

measure by a single-stage approach such as aircraft or field
 

teams. Food availability and prices fluctuate as crop status
 

changes, during the growing season, prior to harvest. The
 

knowledge Qf crop status is the product of this project.
 

Crop information io the backbone of U.S. cod policy.
 

Informaticn, not only of U.S. crops, but even more importantly,
 

of Canada, urop, the Soviet Union, India, China, Australia,
 

brazil, and Argentina, determine the price we pay for all
 

food items--from a loaf of broad to a hoad of lettuce.
 

Although not well known, it affects our entire PL 480 proqra
 

to LPDC.
 

In addition to the impact which U.S. and other indua

trialized nations' crops have on LOCa. however, the crop 

status of the LDCO thomselvo affect their decliions re

gardinq the food rosurces for their people. Although It 
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will remain beyond the means of many LDCs to produce suf

ficient food for themselves in the foreseeable future, it
 

is very likely that improved information regarding their
 

crops, prior to harvest, will not only lead to timely de

cisions regarding import of food commodities, but also result
 

in more ,of their own land being put into crop product.o,..
 

Almost every nation, LDC and. industrialize,1, makes some
 

atternt to survey existing crop status for the purpose of
 

predicting production prior to harvest. In order to predict
 

crop production with accuracies from 80-100 percent, which
 

are necessary to hold commodity/price fluctuations down,
 

collected agricultural data must be objective, reliable,
 

timely, adequate in ter-s of coverage, efficiently acquired, 

and effective in terns of impact on decis4on-makinq. 

According to KiLler, Annex 4 - The L.ACIE Symposium, fewer 

than ten countries of the world (including LDCs and Industri

.lized) have sophisticated agricultural collection systems 

which contain data possesainq one or more of these charac

teristics. And even more shocking, half of the countries of 

the world have elther very simple systems, or ncne at all, 

and wait, ton -,ears or more for a full agricultural census 

conducted on tho ground. Even the U.S. Bureau of the Census, 

whx-h ia %cnductinq fill cen'Aus a in cooperation with small 

Latin tuerican nations, requiroa three' years to acquir tho 

data and threa additional year: to compile and [ublish the 

information. Six years obviously do not raprecont a time 
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scale conducive to sound agricultural planning. According to
 

Kibler, the four reasons for the failure of acquiring agri

cultural data possessing the characteristics described above
 

are: (1) lack of funds for collecting and tabulating data,
 

(2) inadequate technical capability to formulate sound
 

sampling,and data collection procedures, (3) absence of a
 

suitable sampling frame, and t4) .difficulty in quantifying
 

the benefits of improved inforn:ation.
 

Reason (3) is presently being addressed in twelve
 

countries by an AID/U.S. Department of Agriculture PASA
 

,ee Annex 6) funded under the project Remote Sensing for
 

Resource Assessment. Reasons (1) and (2) will be addressed
 

when this project gets under way, and this Project Paper
 

treats reason (4).
 

The U.S. Department of Agriculture has been refining 

its techniques in collecting crop statistics for the last one 

hundred years. It realizen that a full agricultural census 

was simply too slow in getting timely crop information into 

the public declsion-makinq arena. Thus they resorted to 

sampling, hoping that fie!l&solected on the basis of existing 

maps and "windshield" surveys (from cars and trucks) would 

bo fairly typical of all fields in the count"y, state, and 

evontu.ally tho entire country. During tho oarly part of 

this contury, land unon bopgan to change rapidly, as cities 

grow and now dry land farming :openod Lp in tho Midwast (setting 

the stage for the Groat Dustbowl, incidentally). Maps 



10
 

rapidly became obsolete, and ground survey teams couldn't
 

see enough of the overall distribution of fields to select
 

truly representative samples. The alternative was to choose
 

a larger number of poorer, unrepresentative samples, in order
 

to maintain the same accuracy when aggregated to country
 

totals.. As the sample size increased, however, there was
 

insufficient time and funds to survey the fields on the ground.
 

Thus, in the 1930's, the aircraft became a USDA tool
 

for crop sampling procedures. Aerial photography not only
 

permitted rapid acquisition of information of two agricul

tural parameters; i.e., field size and yield, but also re

sulted in up to date maps for use in selecting the approprite
 

sample fields. Aerial photos became the primary data source
 

in all 48 conterminous states, and are now used for the U.S.
 

June Enumerative Survey (JES), when the agricultural data
 

are collected.
 

Yet, even with USDA capital resourcis, aerial photo 

mapping became too expensive to permit flying the U.S., 

even on a selected bais. As a result, maps derived from 

airphotos became older and more uselcos as the years went by. 

Thua, when Landsat-l Wa launched in 1972, the USDA naturally 

turned to thia source of current maje data to dorivo their 

mapa. xouriment4lly, Landant Mult i-:pQctral :cannor (WAS) 

Limacry, with older 4orial phot rai:hy, wia uaod to olect 

nampl NIoldr for the Jovin 5 eenono =4wahnforia.
 

Accuracies were so high Oever 95 percent when compared to
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later production reports), and the job done so much more
 

rapidly than the older conventional method, that the USDA is
 

now using Landsat in developing frames in all 48 states.
 

In 1974, NASA, USDA, and the National Oceanic and
 

Atmospheric Agency (NOAA) teamed up to initiate the Large
 

Area Crcp Inventory Experiment (LACIE), a Landsat-based
 

operation to survey wheat among the world's largest producers.
 

High on technology, and attempting to minimize both the image
 

analyst and the ground enumerator (obviously, since two of
 

the major wheat producing countries, Russia and China, were rela

tively inaccesible to the U.S., LACIE was never considered
 

by AID to even represent a model for crop data acquisition
 

in the developing world. The LACIE program is well known
 

by the project manager, who, with the Thailand Director of
 

Agriculture Economics, Kluen Chaisong, attended the final
 

LACIIE Symposium at the NASA Johnson Space Center in October
 

1970. Althouqh the conclusion that LACIE was not an appro

priate technology for LDCs was verified by both visitors, a
 

valuabld idea for combining certain technical components of 

LACIr to the labor intensive area fraei sampling was born. 

In Addition, Jimmie Murphy, Director of the USDA Application 

Tent Oymtem (AT1), colocated at tho Johnson Space Center, 

offored hlis p clal procoaning systems for AID's uso when

ovar wo had in emorqency tltuation which might affect crops 

in !X1Co with tU..1. kilatvral n*iaitanco proqrama. ATS has a 

uniquo communications link into the NASA Goddard Space 
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Flight Center, with which they can tap Landsat sub-scenes
 

immediately upon reception from the satellite.
 

In order to better review the status of agricultural
 

data acquisition in the U.S., ranging from intermediate
 

technologies such as area frame sampling to advanced tech

nologies characterized by LACIE, DS/ST in 1977 contracted
 

with the IQC American Technical Assistance Corporation
 

(ATAC), to survey existing crop reporting systems and
 

describe their applicabilities to developing countries.
 

The final report, Preliminary Design Requirements for a
 

Research Project in Tropical Agricultural Inventory and
 

Appraisal, confirmed ongoing discussions between AID and
 

USDA that the area frame sampling technique was the most
 

appropriate technology for transfer to LDCs. Although
 

we disagreed with several of the report's conclusions and
 

recommendations, it seemed logical that the report's
 

that the bulk of the technical
major recommendation; i.e., 


n,-sistance be furnished by the USDA Economic Statistics
 

and 	Cooperative Service (ESCS), should be followed.
 

B. 	Project Strategy
 

While USDA and AID were digesting the conclusions and
 

recommendations of the ATAC report and developing a project
 

strategy during the early part of 1978, Secretary Borgland
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of Agriculture and Administrator Frosch of NASA were meeting
 

monthly over lunch to discuss future possible remote sensing
 

agricultural activities. Since LACIE was winding down and
 

other USG agencies were applying remote sensing technology
 

to agriculture and forestry, OMB was becoming concerned that
 

agency programs might be duplicative. Secretary Bergland
 

took the initiative by establishing an interagency task
 

committee to develop an integrated and comprehensive agri

cultural monitoring program. Because the AID planning ac

tivities under way at this time were so widely known in the
 

USDA, Governor Gilligan was invited to the first meeting on
 

February 3, 1978, in Secretary Bergland's office. The AA/DS,
 

Mr. Sander Levin, and Dr. Paul attended. A working committee
 

was established and a plan prepared, which Governor Gilligan
 

reviewed during an August 8 meeting in Secretary Eergland's
 

office. With the Administrator's concurrence, this AID
 

proposed project "Remote Sensing for Agriculture" was folded
 

into the integrated program and presented to 0MB by Dr. Paul
 

on October 11, 1978. The Administrator's concurrence was
 

given in a letter signed by Secretary Bergland, Administrator 

Frosch, Secretary Krepo (Commerce), Secretary Andrus (Interior), 

an..! Covernor Gilligan to OMB Director McIntyre dated Sept. 27, 

1978. The Interagency Agreement was then signed by all
 

parties (after AID/GC review) on Sept. 29, 1978 (see Annex 2)
 

The Executivo Summary establishing the joint remote sonsing
 

for agriculture program is aeon as Annex 3. The project
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described in this PP is AID's contribution to this effort;
 

it has had one favorable OMB review, independent of the rest
 

of AID's budget, and it has legal and administrative concur

rences by top Agency officials (see Annexes 2 and 3).
 

This strategy of folding the proposed "Remote Sensing
 

for Agriculture" project into an interagency program has
 

paid off handsomely. For in addition to obtaining high level
 

AID acceL/tance of it, the USDA and NASA administrators, who
 

have been vigorously pushing the technology and are thus
 

pleased to demonstrate an international beneficiary, have
 

bent over backwards to accommodate AID's requests for foreign
 

imagery and special processing of it. NASA and USDA support
 

for this project is now guaranteed in writing, and AID's
 

requirements and efforts can no longer be viewed as ad hoc
 

and outside of the main stream of aerospace events in the U.S.
 

The AID project itself has a four-phased strategy; (1)
 

to complete the area frame sampling activity, demonstrations
 

for which are now being carried out under the "Remote Sensing
 

for Resource Assessment" project, (2) national estimates,
 

(3) automatic, computerized classification of selected crop
 

fields, and (4) crop yield modeling.
 

Because of the urgency to got area frames built in
 

twelve developinq countries, DS/ST decided to start this
 

contribution by means of the "Remote Sensinq for Ronource
 

Assessment" project, 931-1166. A $796,500 PASA (see
 

Annex 6) was written with the USDA ESCS on Augist 15, 1978,
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which initiated demonstration frames in these countries and
 

which is presently being carried out. In addition, with
 

DS/PO concurrence, an advisory team of U.S. professors
 

expert in the application of remote sensing to agriculture
 

has been formed. This team assisted in the technical design
 

of this project by visiting all countries collecting informa

tion and evaluating country capacity, commitment, and motiva

tion to cooperate in carrying out the four phases described
 

below.
 

(1) Area frame sampling is a labor-intensive technique
 

to statistically select the smallest sample of fields (the
 

area frame) possible to obtain representative crop information
 

for national export-import planning. The collection of data
 

takes place on the ground at the sample fields. The sample
 

fields are chosen by Landsat and air photos analysis, using
 

skilled photo-interpreters. Landsat cannot see the individual
 

small fields less than 10 acres so typical in developing
 

countries. But it does see agricultural intensity patterns
 

of an entire country in just a few days. By breaking out,
 

or "stratifying," four of five of these intensities (land
 

use themes) for an entire country, it is possible to select
 

a sample number of fields (several hundred) which, if surveyed
 

on the ground, can provide an accurate representation of
 

national averages of yield, crop acreage, livestock, etc.
 

Tho USDA regularly does this in the U.S., where accuracies
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in state totals-for crop harvest estimates range from 90-95
 

percent. Aircraft photography is expensive and, in some
 

developing countries, impossible to obtain due to military
 

restrictions. Landsat is available every 9 days (clouds
 

permitting), hence the area frame can be updated when desired.
 

At the present time the FAO is building frames using Landsat
 

in Bangladesh and Tanzania. Besides the U.S., the USDA is
 

building frames in Jamaica, Dominican Republic, and other
 

developing countries under USAID funding in the Remote
 

Sensing for Resource Assessment Project. Under this proposed
 

Agriculture project, the frames will be completed and verified
 

to assure a strong base for the following phases.
 

(2) National Estimates: The power of Landsat becomes
 

more apparent in this second phase. Aerial photography,
 

even if one had it for an entire country, would have to have
 

been taken over many days, with different atmospheric condi

tions, different sun and shadow angles, and other diurnal
 

variations which result in inconsistent contrast, patterns,
 

and tonal variations on the air photos. Not so with Landsat.
 

It images everywhere on earth at the same time of day, 9:30
 

a.m. With a technique called ratioing, it is possible to
 

qet rid of the subtle atmospheric effects from the imagery
 

if necessary. Thus image manifestations in a country corre

spond to similar features elsewhere. It is this feature
 

consistency which permits one to multiply the sample statistics
 

qathered on the ground by a ratio to obtain national ostimates.
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The ratio is the intensity theme in the entire country to
 

the intensity theme present in the samples. The intensity
 

themes are quantified as hectares. This expansion to areas
 

larger than the original samples is surprisingly quite
 

accurate. The accuracy of the totals depends directly on
 

the accuracy of the sample statistics and not on the magni

tude of the ratio. The independence of the accuracy of the
 

totals to the size of the expansion is due to the consistency
 

of themes as depicted on Landsat imagery and as analyzed
 

by trained interpreters.
 

(3) Computerized classification would be the next
 

logical step. From the area frame developed under (1), the
 

Project would have, among other things: (a) reliable average
 

yield values for several important crops (bushels per acre),
 

and (b) known crops growing in sample fields which, if
 

some are large enough, can be identified on tie Landsat
 

imagery. With this data, the Project can now use the known
 

crops to literally "train" a computer to automatically
 

classify all sufficiently large fields outside the 3ample
 

area. Then by multiplying the total hectares of iach crop
 

by the yield, total production estimates of each cru- are
 

obtained. The frame is time-consuming to construct (one to
 

two man-yearn), but the automatic classification of crop
 

hectares permits one to update the predicted totals several
 

times during the crop growing season to take account of
 

climatic and catastrophi events.
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It will be necessary to look at field size distributions
 

in each LDC to determine if this step makes sense. If only
 

ten percent of the fields are larger than ten acres, but this
 

ten percent is growing eighty percent of the crops in question,
 

then computer techniques are obviously appropriate. If this
 

ten percent is growing only ten percent of the crops, but
 

the other ninety percent are all small one-quarter of an acre
 

plots and yet consists of mile after mile of contiguous plots
 

of the same crop (rice, for example), then again computer clas

sification may be applicable. This classification could be
 

done by appropriate modification or an zddition to some of
 

the computer algorithms existing in the U.S. and a limited
 

number of developing countries.
 

(4) The agricultural.-meteorological (agromet) models 

represent the final link in a viable crop prediction program. 

They are also the most sophisticated and expensive to use. 

They are computer-based, and essentially simulate the growing 

of a crop by inputting crop moisture, sunlight radiation, 

and other parameters affecting the vigor of the crop. Data 

collected from thn field as well as remote sensing data from 

Lan,:t, weather, and other satellites are required. The 

iriportant crop yield of the formula is thus determined, 

drivinq total crop production estimates up above 95 percent
 

accuracy.
 

The PID (Annex 5) for this project was approved by the
 

AA/DS niqnaturo on the Project Document Action Form on
 

August 16, 1978.
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III. Prolect Analysis
 

A. Technical Feasibility
 

1. Introduction: This section discusses the capability of
 

nine countries (Costa Ricr, Dominican Republic, and Jamaica in Central
 

America; Bolivia and Ecuador in South America; Morocco in North
 

Africa; ahd Thailand, Philippines, aud Indonesia in Southeast Ania).
 

The capability for each country to carry out the four phases of the
 

project is assessed and based on this data the capabilities of LDCs
 

in general to carry out the four phases of the project are given. The
 

assessment is based on a four-day visit to each country.
 

2. Overall Summary: All nine countries had high interest
 

and motivation and acceptable to good capability of carrying out Phases
 

1 and 2 of the project. With adequate AID support the nine remaining
 

countries should be able to complete an areu frame and gather at least
 

one and possibly two years' nationa. agricultural statistics totals
 

during the life of the project. In thu individual country accounts,
 

each situation is spelled out in more detail.
 

For Phases 3 and 4 (computer classification phase and agri

cultural meteorological modeling phase) no one of the countries is 

presently in a position to introduce the computer classification 

phase without substantial technical assistance, training and con

tinuous cooperative counterpart training and Management, If AID
 

wishen to accelerate the adoption of the computer classification
 

approach In conjunction with quality ground enumeration based on
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a good statistical desii, itwill need to make a substantial 

research and development iavestment in several of the countries. 

AID may thereby develop a quasi-transportable approach that may, 

with modificatiors, be introduced to other countries. Even though 

each country will ii essence be a case in itself, several well 

planned and carefully developed programs will be necessary to 

start the process.
 

For most of the countries agricultural-meteorological
 

modeling appears out of the question at this time. However, for
 

four countries--Morocco, Jamaica, Thailand, and the Dominican 

Rapublic--there is high interest In this phase along with some 

capability in the country. Bleore a commitment to phase% 3 or 4 

in any of the countries can be made, pre-feasibllity analyses are 

required both in the country and in the U.S. to define the exact 

form the computer clandificatlon phase should take, and the 

details of agricultural-maetorological modeling. 

It is clear that In the Introductlcni of these technologies 

to the developing world, a long-term view tuAt be taken. effective 

introduction of phases 3 and 4 JOeM4dn that phases I and . be 

tcrrduced, Including an objactive yi1eld survey technique. In 

most instances at leaut several years expetience with area fra 

technology and enumeratton protitdutes should be Available before 

moving into later phases. The vicot Itivatinent of All) ftnds with

out ovor-prolaring, and without ovar-a aoltment to a 11hatantial 

research and Jdvelopeont progres, roquireo the eajor emph4to and
 



21
 

Investment go into introducing phases 1 and 2 in as many of the 

countries as is reasonable and feasible. Nevertheless, there are 

merits in deliberately fostering several research and development 

programs for phase 3 and phase 4 in a carefully selected sample of 

these countries. The purposes of this R&D program would be to 

assess for the countries concerned the relative advantages of in

vestment in computer classification and agricultural-meteorological 

modeling in comparison with alternative investments in improving
 

acreage estimates in the field enumeration phase and through pro

viding a larger sample for objective yield measurements.
 

If feasibility studies show that Phases (3) and (4) should 

not be implemented in a country, then one. of several LDC's 

requesting this project (vhich could not be accommodated due to 

funding limitations) should be brought into the project. These 

countries are Nepal, India, Bangladesh. 'ranzania, Tunisia, Kenya 

and Sudan. We need as 'arge a number of Countrie% as possibld to 

work with the P'AL in eventually estiblisihng A crop information 

system benefiting all LDC's. Only Phase 1 would be Implemented 

under *his expansion to additional countries. 
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B. Economic Feasibility
 

This project paper requests $1.4 million to assist selected
 

LDC's to develop a crop reporting capability. Since image classi

fication and yield modeling by computer techniques are two object

ives of this project, care must be taken to avoid procurement of
 

expensive equipment, but instead to make use of existing institu

tions in each region where the project is carried out. This pro

ject is not intended to equip one or more country institutions to
 

analyze satellite multi-spectral imagery and model crop yield.
 

Rather it purports to provide assistance, in the form of training,
 

limited demonstration, and software, using remote sensing analysis
 

equipment and computers existing either in the country or in a
 

nearby regional institution.
 

Based on the results of the ongoing area frame sampling under
 

Remote Sensing for Resource Assessment, nine countries will
 

be assisted in this project to use the sample statistics which they
 

have acquired to project national crop estimates. For the final
 

two phases, namely automatic field classification and yield model

ing, rough~y three to four countries will be selected from the
 

eleven. The criteria for their selection will be: (1) technical
 

progress in building frame, (2) expected length of time required for
 

country, with USDA Aistasnce, to complete field onuimraitlon for
 

entire country, (3) government 4ni AID mission priority assianed
 

to crop information, (4)ministry of agriculture 4pparent Interest
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and motivation to proceed to the more advanced phases of this project,
 

(5)AID's perception of how open host country is likely to be in dis

seminating the information or, alternatively, if the information is
 

classified, how the host country intends to use this information,
 

(6) existing remote sensing analysis equipment and computers, as well
 

as traineo personnel, to carry out the more advanced phases of image
 

interpretation and yield modeling.
 

Assuming that four countries are selected for the final advanced
 

phases, nine countries for field surveys of selected areas, and in order
 

to test out computer analysis for crop acreage and agriculture-meteorological
 

(agro-met) modeling for yield, the question iswhether the requested
 

$1.4 million is sufficient to provide a capability to update estimates
 

for selected main crops three to four times during the crop growing
 

season. $380,000 is designated for phase 2, field surveys (see Section
 

D.). Since the countries will be selected according ro the six criteria
 

of the previous paragraph, we can assume that all four countries have
 

similar capebilitie, potential, and technical requirements. Thus, we
 

can allot roughly $1,000,000 for phases 3 and 4, or $250,000 to each.
 

Equipment costs are minimAl, since the project Intenda to take advantage
 

of existing computers. It Is envisioned that a desk calculator 05,000

$10,000) and/or an interactive computer terminal ($15.000-20,000) may 

be necessary to purchase. It may be neceasary to purchase one additional 

special Image analysl m4ch0ne if thn country is untlerequippcd. This 

at Mont W01l1 b" in tho order of 120,000 to $0,000. Thua 140,000 would 

represent an average estimato of equipment needs for each eountry, 

leaving $200,000 for USDA/contractor technical uasistance, computer 
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softvare prosrams, training, and image data. This is two to three
 

times the investment for the area sample frame funded under the Resource
 

Assessment Project. Although these more sophisticated stages require
 

longer TDY times by USDA remote sensing professionals who would generally
 

have higher salaries than the area frame enumerators, it is felt that
 

this level of funding is adequate to transfer an automatic crop estimating
 

system to a developing country. Section D, Financial Analysis, provides
 

a detailed budget of the components of this project.
 

It should also be stressed that almoat all countries of the 

world, lncludii.g ttle poorest LDCs, are struggling to develop a crop 

reporting system. Thun. as we have found in the ten countries which 

we are assisting in the area frame sampling, LDCs ge.erally have a 

large cadre of statistlcians, photo interpreters, field enumerators, 

and a fairly adequate budget to provide their share of thia cooperative 

effort. An agricultural ministrict are funded relatively generously In 

LICs, it appearr tat this project Is assured adequate participatory 

funding level* from the host governments. Te $270.000 L1X contribution 

represents an estliate of '30.000 In each LDC of participatory support. 

This funding includes salariev of Agricultural statiaticlaus, the use of 

their mapping facilities, computer time, office bpace, tur-wheal drive 

vehicles for field jurveyd, And others. For a specific, illuatrative 

example. Annex 7, page 9. Jeacrites the In-kind services provided by 

Thailand. and the l=at page ashos the budget breakdovn of these services. 

With the U!;(A contributton6 41sCuaSIed above, the project ts considered 

to be economicslly feasible to carry out. 
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For each countr7 in which we decide not to proceed with advanced
 

Phases 3 and 4 (decision to be made at end of CY 1979), $50,000 is
 

made available to introduce Phase (1)area frame sampling to one of a
 

waiting list of seven countries not participating in this project.
 

Our priority choicea on this list are Tunisia, Tanzania and Bangladesh,
 

since there is already under way in these three countries an area frame
 

sampliig activity, funded either by the country itself (Tunisia)
 

or the FAO (Tanzania and Bangladesh). Those existing funding sources
 

are sufficiently limited that Tunisia (Mission and Government) and
 

the FAO have requested our help. Our $50,000 contribution, about half
 

of that we put into Phase (1) in our nine existing countries, should
 

be sufficient to build an area frame for that country.
 

C. Administrative Feasibility
 

An earlier phase to the RSA project involves day-to-day management
 

of Phases 1 and 2 by USDA with general interaction/supervision by
 

C.K. Paul of USAID DS/ST. It is anticipated that this very satisfactory 

4rrangement would be continued for the further RSA project, with the 

USDA providing TDY personnel and other appropriatt. perst ., selected 

by U!;DA under appropriate competitive means, if necessary, for 

support to Phases 1 and 2. upgrading and ccmpleting through objective 

yield forecasting fort 
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Philippines, Indonesia One full management unit 

Costa Rica 

Dominican Republic One full management unit 

Jamaica 

Bolivia, Ecuador One full management unit 

Thailand One full management unit 

Morocco One full management unit 

One full management unit represents an arbitrary degree of project
 

management (in terms of time) required by AID and USDA. Existing
 

Landsat data only are needed for Phases I and 2 above, therefore only
 

modest and feasible interaction with NASA or EROS Data Center (DOI)
 

are needed for Phases 1 and 2 to speed up delivery of Landsat images
 

for Costa Rica, Dominican Republic, and Jamaica. For Phase 3,
 

special requests from AID to NASA, as done in the past, may be necessary
 

to acquire imagery in areas not covered by foreign ground stations.
 

For Phases 3 and 4 a slightly different management/administrative
 

structure seems appropriate.
 

General Supervisor - C.K. Paul, AID DS/ST
 

Month to month management - USDA/ESCS, W. Wigton
 

Day-to-day support - Individual USDA employees or TDY
 
or industry/university sub-contractors
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LDC Management and Key Agencies
 

In each LDC the key agencies will be as follows for each phase of
 

the project:
 

Costa Rica 


Dominican Republic 


Jamaica 


Bolivia 


Ecuador 


Morocco 


Thailand 


Philippines 


- Ministry of Agriculture,
 
Office of Agricultural Sector Planning
 
(Phases 1 & 2; outside possibility of Phase 3)
 

- Department of Agricultural Economics,
 
Secretariat of Agriculture (SEA)
 
(upgrading of Phases 1 & 2; outside possibility
 
of Phase 3)
 

- Data Bank and Evaluation Division,
 
Ministry of Agriculture
 
(Phases 1 & 2 only)
 

- Division of Statistics, 
Ministry of Agriculture
 
(Phases 1 & 2 only; GEOBOL if Phase 3 warranted)
 

- Undetermlned,but the. likely prime is Program 
for National Regionalization of Ministry of 
Agriculture, and second is Center for the 
Integrated Study of Natural Resources by 
Remote Sensing for Phases 1 & 2. Relative 
roles might reverse for Phase 3 if introduced. 

- Division of Statistics and Economics
 
Ministry of Agriculture, for Phase 1 & 2
 
Undetermined for Phase 3; undetermined for
 
Phase 4.
 

- Division of Agricultural Economics, 
Ministry of Agriculture
 
(Phases 1 and 2)
 
National Research Council
 
(Phases 3 and 4)
 

- Bureau of Soils
 
(Phases 1 and 2 only)
 

Indonesia - Central Bureau of Statistics
 
(Phases 1 and 2 only)
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D. 	Financial Analysis
 

Total money required for this 'project is $1,400,000. The following
 

is a breakdown of how the money is to be spent during the period August
 

1979 through September 1981.
 

1. 	USDA Overhead
 
ESCS 18% 252,000
 
OICD 7% 98,000 $ 350,000
 

2. Phase 	2 for 9 countries: 1/ 3] 

Morocco 	 509000
 
Thailand 50,000
 
Costa Rica 30,000
 
Ecuador 50,000
 
Bolivia 50,000
 
Jamaica 25,000
 
Dominican Republic 15,000
 
Philippines 50,000
 
Indonesia 60,000 380,ooo
 

3. Phase 	3 for 4 countries: 1/ 4/
 

Morocco 	 33,000
 
Thailand 33,000
 
Costa Rica or Dominican Republic 17,000
 
Ecuador or Bolivia 34,000 $ 117,000
 

4. Phase 	4 for 3 countries: 1/ 4/
 

Morocco 20,000
 
Thailand 20,000
 
Dominican Rtpublic or Jamaica 20,000 $ 60,000
 

5. 	Equipmental supplies: 3/ 158,000 $ 158,000
 

6. 	Support technicians & staff 145,000 $ 145,000
 
in U.S.
 

7. 	Evaluation and Feasibility
 

Study 90,000 $ 90,000
 

8. 	Symposium 100,000 $ 100,000
 

TOTAL $1.400,000 

I/ Includen technical services, travel costs and training ot nationals in U.S. 

1/ Includes completion of AS? plus 1980 and 1981 National survey 

I/ About 	 half of the required equipment And suppl7 Item" have been purchased by 
1hncr 1 prolect and Is not Included here. 

F./,r o.th , u r-i lit dlitch ( I) .tid ( a)r,, i(t t, )tt,.mriouttced, frood funds 

w111 !),, -,it,) t 111-4 ,wti !i -. (1) Iti 1..)(:. o 
FIal bt I I t V. 
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(D. 	Financial Analysis - Continued)
 

Supplemental Budget Sheet (by Phases)
 

PHASE 2
 

1. 	USDA Overhead 

ESCS 200,000 

OICD 80,000 $ 280,000 

2. 	Phase 2 in 9 countries 380,000
 

3. 	Equipmental supplies 158,000
 

4. 	Support technicians & staff 116,000
 

5. 	Evaluation & Feasibility Study 90,000
 

6. 	Symposium 100000
 

Total Phase 2: $1,124,000
 

PHASES 3 & 4
 

1. 	USDA Overhead 

ESCS 50,000 

OICD 20,000 * 70,000 

2. 	Phasm 3 for 4 countries 117,000
 

3. 	Phase 4 for 3 countries 60,000
 

4. 	Support Technicians and Staff 29,000
 

Total Phases 3 & 4: $ 276,000
 

Grand Tol : $1.400=
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E. Social Soundness Analysis
 

1. Beneficiaries: Generally speaking, the beneficiaries of
 

AID remote sensing projects have been resource managers, agri

cultural planners, foresters, geologists, land use planners,
 

environmental analysts, hydrologists, engineers, and other develop

mental professionals who have been aided in their jobs by remote
 

sensing technology. Remote sensing has offered them a better,
 

faster, and more cost effective means of performing their job. In
 

some cases, such as the lithium survey done over the Salar de
 

Uyuni in Bolivia, satellite imagery was the only conceivable way in
 

which the lithium concentrations could be mapped. Thus, as far as
 

AID's target group, the rural poor, has been concerned, remote sensing
 

has offered tremendous indirect benefits in that more efficient
 

resource plonning by government officials has resulted in better
 

location of development projects, improved utilization of land, and
 

discovery of new water and mineral resources. These benefits are
 

linked to the poor in an indirect .ray because: (a) usually govern

ments must significantly alter their traditional policy of dealing
 

with information before the information can affect the resources
 

available to the poor, and (b) even when LDC governments do alter
 

their policy to benefit the poor, it normally requiren many years
 

before the information leads to action which agaln may take years
 

to affect resource distribution. Thus the two obstacles which
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impede the benefit flow from remote sensing information to the
 

rural poor are government inaction and long time response.
 

When remote sensing is used to survey crop status, &nd this
 

status is then used to predict future harvests, the benefits to the
 

rural poor become direct. There are three ways that these direct
 

links can be shown:
 

(a) Total crop estimation, one to two months prior to harvest,
 

permit roughly one-half a year for governments to take action before
 

existing food stocks are depleted, should a crop shortfall be apparent
 

from the collected statistics. This is sufficient time for govern

ments to purchase or borrow more grain on international markets.
 

(b) USDA, in informal discussions, have pointed out that in
 

some LDC's, where future crop production .ippears to be sufficient
 

or excessive in terms of the country's needs, P.L. 480 Food for
 

Peace coumodities are doing a disservice by flooding the market and
 

thereby driving down prices the poor farmer gets fcr his crops.
 

In this case, the U. S. can use the crop itatistics of these LDC's
 

to set our own limits on the food we provide the poorer LDC's,
 

thus, permitting the farmer a fair value for his crop.
 

(c) In many LDC's, small farmers use their crap as collateral 

for obtaining bank loans. Many times the ftrmer has no waly of con

vincing 4 loan officer that his crops are in good shape. As a 

result, the farmer does not get the loan. or his loan i. les than
 

that which his crop status w4rrants. Crop data collected by remote
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sensing over sm..11 areas could thus benefit the farmer applying
 

for a loan. Of course, remote sensing-derived information is
 

objective, and a poor crop status would hurt the farmer's chances of
 

acquiring the loan. It is felt that more farmers are hurt today by
 

bank ignorance than would be adversely affected by improved infor

mation.
 

2. ,Population Growth: Remote sensing is an informational
 

science. As such, it does not, ia itself, set actions or events
 

in motion. But it can very directly affect events and motivate
 

actions which contribute to the improvement of human lives and
 

natural resource and environmental conditions. With respect to
 

population growth, this project and its orientation to agriculture
 

affect population growth only very indirectly. By permitting improved
 

distribution of food resources, the project outputs can help feed
 

growing populations in the LDC's. The geographical distribution of
 

crop fields, available as an output of the project in the form of
 

Landsat-derived maps, can be combined by host governments with their
 

population data to perhaps determini more optimal planning of new
 

agricultural areas close to consumer demand. It should be noted,
 

however, that this integration of agricultural and population maps
 

is beyond the scope of this project. Several AID missions, notably
 

Jamaica, Dominican Republic, Costa Rica, and Indonesia, are explor

ing with econometric models the integration of these forms of data. 

One reason why those milsionts have elected to participate in this 

project t that these modola are hungry for crop statistics, the out

put of this proposed project. 
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3. Role of Women: More and more LDC women professionals are finding
 

employment in remote sensing projects conducted with country budgets and
 

projects funded jointly and partially by foreign assistance agencies.
 

The Thailand National ERTS project, funded by USAID since 1972, hsi
 

trained 110 Thai resource planners, many of whom are women, in ramote
 

sensing. The Vice Director of Thailand's Natural Resources Council is
 

a woman. The Philippines' second delegate to the U.S. Economic and
 

Social Commission for Asia and the Pacific (ESCAP) Meeting on Remote
 

Sensing last November was a woman. The USDA teams working in the nine
 

LDCs under this project will be instructed to make every effort to
 

identify qualified women, both for training and involvement in carrying
 

out the prolect. One USDA statistician, Josephine Wallace, will be
 

particularly sensitive to LDC women partici-ating in this project
 

in the Latin American region.
 

LDC women with basic skills in photo !ualysis, statistics, and 

computer programming will be sou'ht for both training and participation 

in the aggregation of crop statistics, extrapolation to total production 

estimates, and the classification and modeling of crop types and yield. 

By striving to select at least ten to fifteen percent more women in 

hoae nine LDCs than that offered by LDC counterpart institutions, AID
 

and the USDA haI. a unique opportunity to involve a large number of
 

women In a highly specialized and important area of science and tech

nology in a significantly large seample of the third world.
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7. Environmental Analysi.
 

No environmental analysis required. Initial Environmental Examination
 

indicated no adverse environmental effects. AA/DS signed approval for
 

Environmental Threshold Decision that proposed action will not have
 

significant effect on the human environment.
 

0. Evaluation Plan
 

A Remote Sensing for Agriculture Advisory Team has been established
 

to guide and direct this project during the course of its life. This
 

team consists of Professor David Slmonett, University of California
 

Santa Barbara, Professor Lyle Calvin, Oregon State University, Professor
 

Ta liang, Cornell University, and Dr. Richard Suttor, AID Office of
 

Agriculture. This team served in a project depign capacity providing
 

technical substance to this Project Paper. In assisting in the design
 

& this paper, Simonett,, accompanied by the USDA team leader
 

William Wigton, visited .orocco; Liang visited Indonesia and Thailand;
 

Suttor visited Dominican Republic and Jamaica; and Calvin visited
 

Ecuador and, accompanied Ly ManuCl Cardcnas, NOw Mexico State University,
 

and under contract to US.DA, Bolivia and Paraguay. 

It is intended to evaluate this project at specified intervals by a 

team external to the project and recommend changes In direction of the 

project if warranted. :pecifically, In-country evaluation will be par

formed by team members when area frames have beetn constructed, prior 

to start up of the first activity undr thin project, natimatinu national 

totals from the frame statistics. Thin evaluation consits of the 

feasibilitl analysis in Action I.1. "Recomendations," and 111.5.t 
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"Economic Feasiblity," and will hopefully filter the nine countries 

down to four or five. Th%,selection will be based on the criteria listed 

under Section III.B., "E:'.ouolc Feasibility." It is expected that this 

initial screening would take place in late calendar year 1979, 

several month3 before the USDA PASA for area frame sampling 4xpires. 

It is then planned to conduct team evaluations in Washington and
 

in all four to five LDCs after each phase of the project. During the
 

fall of 1980, country crop reports for the previous growing season will
 

be checked to see if estimates for the country are being made, and to see
 

if the countries are attempting to verify the estimates by farmer crop
 

reports (if available). (See ANNEX 9, LOGFRAME.) USDA technicians will
 

assist evaluation team in spot checking sample fields. Outputs such as
 

Landsat images scaled to host country maps and sample field notes will be
 

verified by visual inspection at ministries of agriculture. 

Roughly a year later, during the summer of 1981, land use mApo, 

Landdat Images, and crop tabulations will be inspected in the recipient 

countries by the evaluation team to 4asses the computer classification of 

agricultural acreage. This assessment will be done by comparing the
 

l.anduat-derlved land use and crop identification maps with recent aerial
 

photography or, if not available, by random field checks. Maps for all
 

in Phase 3 will be provided by USDA technicians to
demonstratlon areas 


tho team.
 

ny the summer of 1982, the computerixed yield models, yield estimatee,
 

and national crop production estimates should be completed. The external 

evaluation ta.R, 40 well as the advIdory team, will be Invited to 4 final 

project evaluAtion during the vinter of 1982, involving All), U1DA, VAO, 

officials interested In crop estimation In the LDCe.ad hoot country 
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Sample crop-type maps, crop yield estimates, land use theme maps used
 

in Phase 1, field enumerator notes, and, most importantly, crop production
 

estimates for the demonstration areas will be provided to this final
 

review committee.
 

IV. Implementation
 

A. Technical Services
 

Technical services will be provided by USDA/ESCS Statistics,
 

Statistical Research Division. Technicians include Mathematical
 

Statisticians, Survey Statisticians, Area Sample Frame Construction
 

Experts, Data Processing and Systems Analyst, Digitizing Experts and
 

other support staff as required. The costing of these services are
 

included in section III.D. above for gcdh country project and phasi
 

as listed.
 

The area frame sampling, Phase 1, is presently being implemented
 

in nine LDCa under the project "Remote Seusing for Resource Assessment,"
 

931-1166. Technical assistance is provided by the USDA under a PASA
 

with AID (see Annex 6). In turn, the LSDA works on a cooperative basis 

with the host governments by means of two legal documents negotiated by 

the USAID miajuon in each country. One document Isa project agreement, 

an example of which for Thailand Is seen in Annex 7. The second is the 

Memorandum Of Understandlng, which Io the preferred mode In Costa Rica, 

n Its shown in Annex 8. For the purpose of this project, "Remote Sensing 

for Agriculture," phases .-4 viii be negotiated by amending the existing 

agreements and emoranda. 
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B. Equipment requirements will be minimal, but include the 

followins: 

1) 	Progra=able Calculator, estimated cost $8,000 (a 40 pound
 

2 unit system that can be carried into the country by a
 

technician during one of the planned consultation trips).
 

,2) Landsat materials including computer compatible tapes that
 

are available for countries listed above.
 

3) Color Diazo printer and developer to create color
 

transparancies using MSS positive transparencies.
 

4) Maps, aerial photon, aceatate materials, etc.
 

5) Miscellaneous supplies and materials as needed for the
 

project.
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ANNEX 1
 

Individual Country Profile.
 

(a) Central America
 

(1) Costa Rica
 

Costa Rica has a land area a little over 5 million hectacres equal to
 

about one-third the land area of the state of Illinois, and equivalent to
 

one and a half full LANDSAT scenes.
 

Under an AID loan project, an area frame for Costa Rica is being
 

constructed by the Ministry of Agriculture's Office of Agricultural Sector
 

Planning (OPSA). Support is provided by a U.S. Department of Aqricul

ture contractor. About half of the work has been completed
 

and the rest should be finished no later than December 1979. This pro

ject also provides for a field survey of national production hy crop upon
 

completion of the frame, either in November of 1979, or in May-June, 1980. 

Government of Costa Rica Interest, Motivation and Capability to Carry out the Project 

Phase 1 - Area Frame Sampling 

The work already carried out by OPSA on the construction of the area frame 

provides clear evidence of the interest and motivation of the government 

of Costa Rica to carry out ohase 1 of the RSA project. Under joint Costa 

Rican-U.S. direction the construction of the area frame is progressina 

satisfactorily. Work is nearly complete in three regions and should be 

completed in all regions no later than the end of 1979, There have been 

some problems, some of which could be helped by the RSA project, but no 

Insurmountable one.. The more important problem,, are: 

1. Rei ona I bourdari es riot s ta0 111zed. The oovernment is establishing 

new regional boundariers. However, since these are new regions with no 

historical base, it may not take much pressure to chanqe them again. 
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While this is a problem, it is not one which cannot be dealt with.
 

2. Age of aerial photographs. Some of the aerial photography used
 

in making the present aerial frame dates bock to 1944. Many changes due
 

to urban creep, deforestation, newly colonized areas, and changes in
 

crop production mean that stratification based upon old photos is out of
 

date and that sampling based on such a frame will provide less precise
 

estimates. The RSA project could assist by using LANDSAT imagery to
 

update the imagery. New aerial photography is also needed in some areas,
 

particularly, for sample segments. Since the country issmall, judicious
 

support from AID using medium altitude photography in the areas
 

shown on LANDSAT to be undergoing change from the areal sampling frame
 

should be considered.
 

3. Age of 1:50,000 scale topographic maps. Some of these maps used
 

in the area frame construction date from 1944. Updated maps are needed
 

to reflect new and old roads, river changes, and to correct errors.
 

Cartography on this is in progress, but at a slow rate.
 

4. Photo interpretation. The area frame workers are obtaining on

the-job experience, but have not had sufficient training in photo interpre

tation. On-the-job training would be very helpful, particularly if LANDSAT
 

imagery is to be used in updating strata. Further training will also be
 

neeeded in interpretation of tANDSAT imagery as well as the photography.
 

,.Many LANDSAT scenes of Costa Rica are heavily cloud-covered. However,
 

those during the dry season include some which would be acceptable for
 

improving the stratification in the area frame sample design. Because the
 

country is so small, especially enhanced 1:250,000 scale LANDSAT images
 

which have been de-striped, fully rectified and are image sharpened (by
 

restoring high frequency components) would greatly facilitate the
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agricultural-non-agricultural land stratification; for improving the area
 

frame sample design.
 

Phase 2 - Field Survey
 

On completion of the area frame, the GOCR isprepared to proceed with
 

a field survey (infact, several over the next few years), either in late
 

1979 or, more likely inJune 1980, to estimate area and production by crop
 

type. The present plans call for the use of the frame workers as field
 

supervisors for the enumerators. There are expected to be about 24 super

visors and '100 new enumerators used inthe survey. Training and survey
 

methods are needed and should be provided inCosta Rica by a Spanish-speaking
 

instructor. There would probably be 30-40 people insuch a course.
 

There is limited capability inmathematical statistics inOPSA. How

ever, Rafael Trigueros has worked with FAO and has had considerable field
 

experience. However, additional TDY help would probably be needed to insure
 

appropriate estimates and standard errors. For data processing, several
 

options are available. Probably the most attractive is to have OPSA handle
 

all national total statistics using a table top, programmable desk computer,
 

with key board entry and screen display for correcting entered data. Such
 

a device may be purchased for less than $15,000 (the Wang costs $12,000.).
 

If it works out that Costa Rica does not move on to either phase 3 or 4,
 

the small desk top computer approach isprobably the most satisfactory.
 

If It does move on, the Ministry of Finance presently has an IBM 370/148, 

though this may not be available inthe future. There isa proposal pending 

that would give OPSA a remote Job entry terminal to a central computer, 

possibly inthe Ministry of Public Work or Finance. One programmer position 

is inthe proposed budget, at a relatively high salary, but this may not 

be sufficient to attract and keep the right type of person. 
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The probable accuracy of the aggregation inthe national totals phase
 

isdirectly dependent upon the quality of the area frame constructed in
 

the first instance, particularly with regard to how up-to-date the land
 

use stratification units are, and the quality of the observations (non

sampling errors) during the enumeration phase. The former can be improved
 

by use of additional new aerial photography, especially for those areas
 

which LANDSAT indicates have been changing rapidly, and by the use of
 
(quality of observations)
 

LANDSAT to sharpen the area frame. The latter/can only De improved as
 

experience indicates to the Costa Rican Department of Agriculture the
 

tightness of the supervision required for elimination of non-sampling
 

errors.
 

Phase 3 - Computer Classification. The National Geographic Institute
 

(IGN) has worked with LANDSAT IIimagery and isinterested inworking
 

on the project.
 

At the present time neither IGN nor OPSA has the technical capability
 

to carry out th' more sophisticated classification work inthis phase.
 

Itispossible that with substantial training over the next one to two
 

years, both inthe United States and inCosta Rica, enough expertise could
 

be built to carry out Phase 3 with TDY assistance.
 

There are two major problems inCosta Rica, however, which would
 

make this phase of problematic value, or at least experimental rather
 

than operational. The first is the problem of cloud cover during the
 

growing season, frequently up to and including the harvest season. Since
 

the value of Phase 3 computer classification directly depends on the 

percent of cloud cover on LANDSAT imaqery, closely coincident with the 

time of ground enumeration, the persistent %cattered cloud cover in the 

highlands and on the eastern lowlands would significantly 
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reduce the increment of information available from introducing computer
 

processing. Before making a decision to go ahead with this phase, a
 

pre-feasibility analysis using SMS-GOES meteorological satellite cloud
 

observation data roughly coincident with LANDSAT time of passage for the
 

key enumerative months should be carried out.
 

The second problem involves crop distribution. Many crops are
 

grown on small fields and crop interculture is common so that satis

factory signatures will almost certainly not be available. In the
 

United States the shift in accuracies as one moves from large fields to
 

small fields is from 90% identification down to 50-60%, and this coupled
 

with persistent cloud cover raises serious questions as to the value of
 

such a procedure over all crops. On the other hand, crops that are
 

most likely to be in large enough fields and are planted continuously
 

so as to make the project appear feasible are bananas, sugar cane,
 

pastures, and possibly African palm.
 

If the cloud cover and crop distribution problems appear on closer
 

scrutiny to be manageable, Costa Rica would remain a candidate for
 

introducing Phase 3 in a research and development mode. The country
 

Is small enough. LANDSAT digital tapes will need to be obtained
 

from NASA and NASA agreement must be forthcoming to provide regular
 

coverage of Costa Rica.
 

Even though Costa Rica is more advanced than most of the countries
 

In the sample with respect to sample frame already underway and plans
 

for national total statistics to be available by mid-1980, the time
 

required to effectively brin(I up a computer interpretation phase is
 

such that a pre-feasibility study should begin promptly In the new
 

fiscal year. and a decision be reached very early in 1980 as to whether
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to move ahead with Phase 3. This feasibility analysis should include a
 

thorough analysis of the equipment needs. Itmay be more reasonable to
 

carry out the whole project on a DEC PDP 1145 or comparable device, rather
 

than the Ministry of Finance IBM 370/148, or the proposed central com

puter in the Ministry of Public Work or Finance. There's enough
 

uncertainty on these issues at this time that they can only be resolved
 

by a further visit and feasibility analysis. Inany case, itmust be
 

recognized that a hard and skeptical look at the introduction of this
 

relatively costly phase for a small country characterized by many small
 

fields and extensive cloud cover, and requiring substantial TDY assistance
 

and hardware and software support,must be given.
 

Phase 4 - Agricultural-Meteorological Modeling
 

There isno,or limited,experience inthis area inCosta Rica, and
 

itdoes not appear likely that any work on thise phase can be accomplished
 

within three years.
 

Project Management and Project Needs
 

Project Management
 

OPSA, with U.S. AID/Costa Rica loans, Isprepared to carry out most
 

of Phases 1 and 2. Personnel, equipment, vehicles, and in-country travel
 

are expected to be covered satisfactorily. Although space for TDY per

sonnel isnot available inOPSA, some space could probably be provided
 

Inthe rural development office of the US AID/Costa Rica. For the
 

successful completion of the project it is important that TDY personnel
 

actually be integrated completely on a day-to-day basis with the
 

Costa Rican personnel and space should be negotiated ifat all possible
 

with OPSA.
 

IGN would participate inPhase I to provide LANDSAT imagery,
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aerial photography, and improved :artography. Specially enhanced imagery 

would be provided by AID through contract with appropriate US agencies or 

firms. Phase 3 would be a dual responsibility of IGN and OPSA for which 

the details will need to be worked out after a feasibility analysis. 

Project Needs - Summary: 

Phase 1 	- LANDSAT imagery to update strata for the areal frame. 

- Aerial photography over selected areas (possible AID 

funding) 

- Additional training and photo interpretation. 

- TDY review of area frame construction. 

Phase 2,- In-country short course on survey methods (inSpanish).
 

- Training assistance for enumerators and supervisors.
 

- TOY mathematical statistician and possibly further
 

training of a Costa Rican statistician. 

- Data processing and program analysis. 

Phase 3 - Thorough feasibility analysis of all phases of the project 

before commitnent. If feasibility is proven, then the
 

following needs become im,,ortant:
 

- NASA agreement to provide digital tapes of LANDSAT
 

imagery 	during the critical times in the growing
 

season. 

-TDY coordination of OPSA and IGN actlvitiles. 

-Thorough training of Costa Rican personnel in remote 

sensing interpretation, computer classification 

techniques. inteqIration of national qround sample 

statistics from Phase 2 for training and predicting 

in Phase 3. 
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-TDY assistance in computer classification
 

Phase 4 - Not anticipated.
 

Costa Rica Sumary
 

The GOCR has already progressed far enough, both in construction in
 

the area frame and in planning f)r a national totals phase to believe
 

that the revision of the Phase 1 and Phase 2 RSA project has a very high
 

chance of successfully imnlem.stin9 the new technology. For the computer
 

classification phase itwould be a likely candidate, but only after a
 

thorough pre-feasibility analysis is carried out, paying consideration
 

to delivery of digital LANDSAT imagery in a time frame relative to
 

project success.
 

(2) Dominican Rerpublic
 

The Dominican Republic has a land area of some five million hectares
 

or one-third of the land area of the State of Illinois, equivalent to
 

one and a half full Landsat scenes. An area frame constructed
 

with U.S. Department of Agriculture assistance has been in use in the 

Dominican Republic for several years. Area and production estimates are 

now obtained for coffee, cacao beans, rice, plantain .,yucca, and other 

crops. A notable exception is sugar cane. The estimates are computed and 

published by the Department of Agriculture Economics in the sub-secretariat 

for planning of the secretariat of agriculture (SEA).
 

Sugar is the most important export crop in the Dominican Republic. 

Sugar cane production and milling it,controlled by the Stiate Sugar Council 

(SEA), a semi-autonomous agency of the Dominican government. SEA, through 

its sugar cane operations, controls about 20 percent of the cultivahle land 

in the country. If, on further study, an upgrading of the area %amnle frame 

appears appropriate for the Dominican Reptblic. employing band ratioisi;
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enhanced Landsat imagery, together with additional aerial photography in 

the next year, the RSA may, with modest fundina,be able to spur such
 

development. Through inclusion of sugar cane as part of the sample,
 

this RSA project could take the initiative in such improvements.
 

Possibilities exist for experimentation with a Phase III computer
 

classification program, but no significant in-country capability presently
 

exists in the area. Work is underway on agrorneteorological modeling
 

for sugar cane, but it is at an early stage and AID funding could stimulate
 

further development in this area (Phase Four).
 

Government of Dominican Republic Interest, Motivation and Capability
 
to Carrf"Out Project
 

Phase I-Area Frame Sampling
 

An area frame sample on national production estimating procedurelhas
 

been iri operation in.the Dominican Republic for two years. Aerial photo

geaphs at 1:40,000 scale for the whole country, funded in 1967-68)were
 

used for construction of this frame. Since this base isnow already 10
 

years old. and since area frdmes need upgrading at about ilve year intervals,
 

it is appropriate to consider upgrading the frames through the use of
 

enhanced Land'.at images, and if feasible, new aerial photoqraphy. The
 

Cadestral and other agencies need new atrial photoqraphy for the entire
 

country, and this has been under discussion for more than a year within the
 

government. lo finance it,the various anencies will have to pool their funds.
 

Although no firm plan- presently e ist, it is probable that the country
 

will be flown in the next year or two, and AID !.upport could make this
 

more likely.
 

http:Land'.at
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Photographic maps for the entire country were published in 1q66

1968 at scales of 1:50,000 and 1:250,000. Maps, photographs and
 

LANDSAT imagery can be obtained from the Instituto Geografico
 

Universatirlo (IGU);or the Santo Domlngo office of the Inter-American
 

Geodetic Survey (IAGS). The previous maps also used for constructing
 

the present sample frame may be available on stable base material to
 

provide the revised sample frame, if such a project is initiated.
 

Phase 2 - Field Survey
 

Field surveys and enumeration are carried out in the existing area
 

frame sampling procedure in the Dominican Republic. Improvements in
 

sample allocation through upgrading the area frame as outlined in a new
 

Phase I would propagate through the system and would, in any case, need 

to be included if a Phase 4 (agrokneteoroloqical modeling) addressed to 

sugar cane actual sugar yield per hectare is to be investigated. There 

will be little point in initiating a Phase 4 program addressed to sugar 

cane yield unless sugar Is incorporated in the area frame, or unless the 

procedures used by CEA are accepted as a satisfactory comparison base
 

by a TDY team composed of an expert in sample frame and national totals
 

aggregation, and an expert in agrometerological modeling.
 

A continuing problem .inpreparing national estimates in the Dominican 

Republic, and probably in almost all LDCsis that inter-Croppinn 

seriously influences production estimates. Various levels of inter-croppinq 

may be detectable orn aerial photography and a reqional adjustment program 

to acconodate that cropping may be feasible. At least such a possibility 

should be tested inany further work in the Dominican Republic. 



11
 

It is expected that any modifications to both the area frame and
 

the enumerative procedures could be handled entirely within the
 

Dominican Republic, since they are already engaged in their own
 

enumerative procedures and training programs.
 

If a decision ismade to use LANDSAT imagery to upgrade the area
 

sample frame, NASA should be requested to provide new imagery as soon
 

as possible over the Dominican Republic. Both dry season and wet season
 

imagery would be desirable.
 

Phase 3 - Computer Classification
 

The former head of the area frame sampling group,now Deputy Director
 

of agricultural economics, and the new head of the area frame sampling
 

group, have expressed great interest in the use of computer classified
 

LANDSAT data as described in the Wigton-Huddleston paper.
 

They argued that the relatively developed status of the area frame
 

sampling in the Dominican Republic provides a base for experimenting with
 

the new techniques they have. This is in general correct, except for
 

the exclusion of sugar cane from the area frame sample, and should be so
 

stated.
 

The Dominican Republic faces the same problems as in Costa Rica, 

which would make this phase problematical and at best, experimental, 

rather than operational. There is a high degree of cloud cover during 

the months when the enumerative s.amples are obtained, Inter-crooping, 

especially of subsistence crops, irreqular field [oundarie., and difficulty 

in defining boundaries for coffee, and cacAo, plantains, yucca and 

similar tree and/or subsistence crop&. Thi, whole area is quite experimental 

and U.S. experience Is no qulde to how adequately the Conputer classification 
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will yield significant increments in quality of information (through
 

improved precision of estimates). We do know enough to know that
 

itwill be no better than the more complex areas of the United States
 

and may be of marginal utility. Inorder to really establish the
 

limits to performance of tiq technique of combining computer analysis
 

wiLh area frame sampling and enumeration, following the procedures
 

developed by Wigton and Huddleston, itmay be necessary to deliberately
 

sponsor a research project inan area such as the Dominican Republic
 

Inwhich there is not a strong forecast of success. Clearly, a
 

brief feasibility analysis of the problems must be carried out to
 

sharpen tnese qualitative judgments and tc define whether the investent
 

In a Phase 3 is warranted. The Dominican Republic though,
 

does remain one of the areas where such an investigation must be pursued.
 

Since the study team member was unable to evaluate the effectiveness
 

of the existing area frame sampling system. it is possible that assistance
 

would be more useful innore traditional, less experiwintal areas
 

than computer classification and agrometeorological modeling. The TDY
 

team should keep an open mind and not necessarily rule out other types
 

of assistance.
 

Details of computer hardware available in the Dominican Republic 

are not available at this time and a pre-feasibility study should 

include an analysis of this possibility plus possible purchase of mini-

Computer for the Phase 3 Flroject. 

NASA will need to provide digital tapes in a timely manner to be
 

used with the national total estimates. As since the national totals
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will generally be available within a month or so of harvest, rapid
 

turn around from NASA will be essential. If not forthcoming, the
 

project could not be introduced. It is this writer's judgement that
 

it will be a tour de force to obtain the data expeditiously, and process
 

it and use iteffectively in the short time between the national esti

mation and the actual harvest.
 

Phase 4 - Aqrometeorological modeling 

CEA has been working on models relating sugar cane yield to meteoro

logical variables. Thus far, they have no empirical results due to the
 

lack of appropriate computer software. CEA. however, operates a sugar 

experiment station with a meteorological section. The experiment station 

has available data and is capable of collecting additional data for
 

agromodeling. Rainfall iscontinuously recorded at some 30 stations in
 

the Dominican Republic.
 

No information is available at this time on details as to th? meteoro

logical variables obtained, and whfether their meteorological satellite 

data isobtained, and would be usable in agto-meterological modeling. 

A pre-feasibil I ty S.tudy would be necessary by someone experienced In agro

meterological modeling, preferably with sugar cane. This should include 

examination of the results of an OFDA (Office of roreion Disaster Assis

tance/AID)-funded project to prepare weekly we.ather ase sment reports 

from countries in the Caribtean basin, employino ground observations and 

satellite imagery interpretation at the center for climatic and environ

mental atsement of NOAA, Columbia. Misouri. The contact person is 

Mr. Paul F.Krumpe. OFDA, AID, Washingtofn, D.C. 
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ProJect Management and Project Needs
 

GODR u=. 

The greatest interest in the Dominican Republic appears to be
 

in a Phase 3 computer clissification of LANDSAT data. Both the
 

Department of Agriculture and the IGU have interests in this area.
 

But neither have the equipment and cannot afford itat present.
 

Manual classification techniques are being used by Dominicans and foreign
 

advisors are financed by the DS/AGR Comprehensive Resource Inventory
 

and Evaluation System (CRIES) Project. SIEDRA (which is the Dominican
 

acronym for CRIES) is developing plans for greater national remote
 

sensing capability. However, the roles for IGU, SIEDRA, the
 

Cadastral , Department of Agriculture and other user agencies have
 

not been worked out yet. No information is available at this time
 

whether space would be available for TDY personnel in the Department
 

of Agriculture, or whereever else the computer facilities may be
 

located.
 

At this time, no information is available on whether GODR would
 

be interested in participating Inan upgrading of their sample frame
 

and enumerative procedures to include sugar cane. A Phase 4 is
 

possible. but a pre-feasihility study would need to be carried out
 

for both thlt and Phase 3.
 

PrPJct Neeh
 

The most imediate need is to send a TDY Team consisting of an
 

expert in computer classification and an agroieteorological modeling
 

expert to nnto Domingo to develop a plan of work and perform a thorough
 

pre-feasibility analyois, which will, Inaddition to technl(al issues,
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explore the commitment of the USAID mission, the government of the
 

Dominican Republic, and financial issues related to introducing any
 

one of Phase 1 or 2, a new phase 3 or a possible phase 4.
 

(3) Jamaica
 

Jamaica has a land area of a little over one million hectaresequal 

to about eight percent of the land area of the state of Illinois, or 

half the state of Maryland, and equivalent to one-third of a full LANDSAT 

scene. An area frame construction is already underway inJamaica, 

through a PASA with USDA, sponsored by the USAID mission. This PASA 

expires at the end of January 1979. The mission would like the 

assistance to Jamaica continued. Roy Russel, Director of Data Bank and 

Evaluation Divison of the Minitry of Agriculture, who manages the area 

frame system, is interested in support for all phases of the project. A 

good working relationship has been established with USDA. 

Government of Jamaica- Interests, Motivation and Capability to Carry 
OutoProjectt: 

Phase I- Area Frame Sampling 

An area frame hbs been completed for at least ten of the thirteen 

parishes, and it is anticipated that a frame for the entire country will 

be completed for the next quarterly survey inMarch, 1V9. The entire 

island of Jamaica was photographed at 1:50.O00 scale in 1971 by the 

Geological Survey Unit in the Ministry of Mines and Natural fesources,
 

with assistance of NASA and AID funds. This photography is being used
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to construct the area frame. The island has also been photographed at
 

1:50,000 or larger scales in 1941, 1953, 1962 and 1968. Photographic
 

maps at 1:12,500 were developed inthe 1960s for the entire island.
 

Phase 2 - Field Survey
 

Although some field work has been done with the frame inparts of the
 

country, no estimates have been published. Apparently major errors are
 

common due to the inexperience and lack of training of enumerators and
 

deficiencies infield supervision. Data processing problems are also
 

serious, but perhaps more easily solved.
 

Enumerators now use a questionnaire method and thus rely upon
 

the farmers for estimates of yield. An obje.tive yield method, whereby
 

small plots are measured and crops harvested and weighedis being
 

activwly considered by the director of the Data Bank and Evaluation Division
 

of the Ministry of Agriculture, which manaons the area frame system.
 

A centrally funded RSA project should provide t -ning for enumerators
 

and field supervisors, inaddition to that already provided. This would
 

be short course training inJamaica. Most of the potential students
 

have not yet bpen hired; 26 of 65 enumerators, 4 of 13 parish supervisors
 

and none of four regional supervisors are yet on board.
 

Phase 3 - Computer Class,ification
 

Roy Russell isvery interested incomputer classifipation of LANDSAT
 

data, in conjunction with area frame ground data, using the methods
 

described inthe Wigton-Huddleston paper. His hope Isthat he can obtain quicker
 

estimates of production by means of this methodology and would like to
 

produce monthly estimates for sub-national areas. This isvery ambitious,
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especially since a lot of time and energy is still needed to get the
 

basic area frame system functioning properly. We should continue to
 

talk to him about computer classification, but we should be careful
 

not to divert attention from the need to develop the more traditional
 

techniques. The Geological Survey his a remote sensing laboratory,
 

which isexpected to serve all of the government agencies. The Jamaican
 

Defense Force has an RC-1O camera system that can be used by civilian
 

agencies.
 

The Geological Survey ispreparing a project proposal for research
 

on the applicability of LANDSAT to forestry, land management, coastal
 

pollution, flooding and other non-agricultural uses. It is not clear
 

whether they want to get into computer classification, an area inwhich
 

they, and apparently, no other Jamaican agencies, has any experience.
 

No information is currently available on whether a suitable computer
 

and associated peripherals isavailable for use in the computer classifi

cation.
 

The small size of Jamaica, the frequent cloud cover, the wide range
 

of crops grown (52), the substantial number of enumerators to be
 

employed in the ground enumeration phase, and the small size of many fields
 

except for sugar cane, rai.ses serious questions on the value of proceeding
 

with this phase. 

Phase 4 - Agricultural-MeteorologicalModeling 

The Director of the Data Bank and Evaluation Division of the Ministry
 

of Agriculture, would like to explore agricultural-meteorological modeling,
 

particularly for sugar cane and bananas.
 



18
 

The Sugar Industry Research Institute (SIRI) has carried out some
 

work on the effect of climate on sugar cane yields. They have an extensive
 

data set on yields, rainfall, solar radiation, temperature and evaporative
 

transpiration. Itappears that additional work could be done with already
 

available and new data now being collected. The RSA project could provide
 

an expert to consult with SRI on the development of additional analytical
 

models, particularly define whether forecasting seems reasonable.
 

The Banana Board has some data that could be used for agricultural

meteorological modeling. However, the banana data are apparently not
 

as extensive as that for sugar, nor does there appear to be as much
 

interest or need for agricultural-meteorological modeling. Possibilities
 

can be explored with the Director of Research for the Banana Board (Dr.
 

Ittyieippe).
 

Because of the small size of the island, full-scale agro-meteorological
 

modeling, involving the use of meteoroloqical satellitesdoes not appear
 

warranted. Itmay well be more effective to increase the number of
 

rainfall stations. Itwould of course be even more effective to introduce
 

a ground enumeration/objective yield forecast methodology under Phase 2
 

Project Mana ement and Project Needs
 

Project Manalement
 

A good cooperative arrangement isalready underway between USDA and
 

the government of Jamaica, and should be continued with incorporation
 

of training for an objective yield survey so that a really efficient Phase
 

I and Phase 2 operation inJamaica isbrought to completion. Continued
 

discussion of allocation of scarce resources to the more traditional versus
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the more experimental techniques isrequired. Occasional use of RC-1O
 

medium altitude photography may, because of the small size of the island,
 

be more effective than converting to a full digital approach inPhase 3.
 

Until Landsat D arrives, it is questionable whether digital procedures
 

should be pursued. The large number of enumerators to be employed may prove
 

the traditional techniques able to provide the needed information, with
 

a careful evaluation of the design.
 

Project Needs - Summary:
 

Phase I - no additional support needed 

Phase 2 - training assistance with supervisors and enumerators

In-country short course on survey methods
 

-further training in data processing procedures
 

-introduction of the objective yield method
 

Phase 3 - prepare a feasibility analysis of all phases of the
 

project, before corivnitment, especially a review on enhancing the traditional
 

procedures incomparison to corwnitment to Phase 3.
 

Phase 4 - no work with satellite meteoroloqy isanticipated 

-possible TDY assistance from agricultural-meteorological modeling
 

experts to refine existing models, employing ground meteorological observa

tions.
 

(b) South America
 

(1) Bolivia 

Bolivia has a land area of 110 million hectares, equal to 7.5 times
 

the size of the state of Illinois or twice the state of California,
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equivalent to about 30 full Landsat scenes. While the eastern (Oriente)
 

portion of the country might be eliminated for Landsat digital classifi

cation at this time, the size of the contry would nevertbeless involve
 

processing very large amounts of data.
 

An agricultural census isplanned in1979, to be conducted by the
 

National Institute of Statistics (INA). The last census was conducted
 

in 1956. It is presently having some budget problems, althounh it is
 

anticipated that the GOB will eventually provide around half of the
 

required 2.3 million dollar total. A request for financing to AID has
 

been turned down, althou'h AID will provide $25,000 to study the possibility
 

of using FOSDICK from the U.S. Census Bureau in a computer analysis of
 

this data. Additional funding isexpected from international agencies,
 

probably the European Conon Market and FAO. A frame for the agricultural
 

census will be based on farm units as obtained from the 1976 population
 

census, within conrynunity units inwhat might be called a semi-area frame.
 

Itis intended to be a full census for primary data, with secondary data
 

obtained from a sample.
 

GOB is interested in continued support In construction of the area 

frame and In switching to an areally-based ground enumeration phase. 

Feasibility of and the conriltment of the GOB to a Phase 3 requires further 

investigation. Pha,,e 4 doernot appear feasible during 'the time frame of 

the project. 

int of Bolivia, Interest, Motivation and Caeabilitl to Carrout the 

Phase I - Area Frame Samping 
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Since 1974, AID has had a PASA with USDA for an area frame construction
 

in Bolivia. This is being carried out under Hector Nogalez, in the
 

Division of Statistics, Ministry of Agriculture (MACA). Ithas been
 

progressing rather slowly. A USDA contractor (Josephine Wallace) visits
 

about three or four times per year to review progress and make suggestions
 

for continued work. Only one department has been completed so far, although
 

two or three more may be completed within the next six months. While
 

it is expected that the area frame will be continued independent of the
 

RSA project, additional and continuous on-the-spot support seems to be
 

needed to move the project forward more expeditiously. The project
 

presently suffers from lack of an adequate supervisor. The USDA has
 

apparently given tentative commitmert for providing half the cost of
 

the person being stationed in Bolivia to assist in the ,irea frame construction,
 

and in the developnfent of the survey if the remaining funding can be
 

obtained from the AID mission. They would prefer to proceed In this manner
 

if a person to fill the position can be found.
 

There has been ,ome problem in obtaining aerial photographs as needed, 

but most of the probleTms seem to be internal and should he solved eventually.
 

It will probably take on additional one to one and a half years to complete 

the construction of the area frame for the entire country. even with 

additional RSA support. Thus. itcould be ready no earlier than December, 

1980, given the prtvou low rate of progress, even with RSA support. 
Phase 2 . Field !urveV
 

The field survey based upon the area frame is expected to be carried 

out in 1980. or mort likely 1981. Present plans call for two surveys 

a year. inNiovember and May. About half of the budget will be provided 
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by the government of Bolivia; plans are to request additional funds from
 

AID through the mission.
 

Computing facilities are now available at Cenaco, a central 

computing facility. Tentative plans call for a computer in the neighborhood 

of $100,000 to be obtained for MACA , although this may actually 

be placed in the agricultural bank with a terminal to MACA. Present 

specifications call for a 64K machine with options to 256K bytes. 

They expect bids to go out in March. Programming and computing capabilities 

at the present time resides with Cenaco, and will probably continue for 

some time. A desk top computer provided by RSA may be a more satisfactory 

approach than relying on a central computer facility yet to be purchased. 

Options should be looked at thoroughly. 

Phase 3 - Computer Classification 

Although the geological service of Bolivia through its ERTS program
 

(GEOBOL) has a considerable remote sensing capability, together with 

some capabilities for computer classification, it resently appears
 

doubtful that GEO[QL has an understanding of the intent of Phase3) 

although the work could technically be carried out there. While MACA 

has much understanding of the need, it doesn't have the expertise to 

carry out the phase. Also.it appears unlikely that the two groups will 

be able to cooperate very well, although one person of MAZA might be 

assigned to work with GEOOL on Phase 3. 

Implentnting a Phase 3 in Bolivia seens out of question during 

the time ptriod of the project, bearing inmind that it will not 

be until 1981 that the first national totals ar likely to be obtained, 
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Nobody in the country has experience as yet, and there is no knowledge
 

of software in place capable of taking large numbers of digital tapes
 

and processing them quickly. No information isavailable at this time
 

on hardware and software availability, and on the rapidity of delivery
 

of digital tapes from Brazil or possibly from NASA. A thorough pre

feasibility analysis would be required before commitment to this phase,
 

with the distinct likelihood that it will not be introduced.
 

Phase 4 - Agricultural-Meteorological Modeling
 

There isno or limited experience in this area in Bolivia and It
 

is unlikely that any work on this phase can be accomplished within the
 

3-year project.
 

Progement and Project Needs
 

Project Management 

MACA, with continued USAID assistance isprepared to carry out
 

Phase 1 and with further assistance, Phase 2 . Adequate space for TDY
 

personnel appears to be available in MACA.
 

Project Needs
 

There are special needs that the RSA project could supply to supplement 

and speed up the 4ork on the Phases 1 and 2 and to review the possible 

(not probable) feaillity pf introducing Phase 3. Additional needs 

for each phase are Ait follow%: 

Phase I - a res.d.nt Us/AID funded position to assist in the completion
 

of the area frame and provide additional project sup,-rvislon. 

- LANDSAT imagery to provide updating on stratification 

- Further training and further interpretation 

http:res.d.nt
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Phase 2 - in-country short course on survey methods (inSpanish) 

- TDY Mathematical Statistician 

- TDY evaluation of data processing procedures, including Fosdlck 

Phase 3 - prepare a critical review and pre-feasibility analysis of
 

whether further commitment to Phase 3 is warranted.
 

Phase 4 - Not anticipated within the three-year project period.
 

(2) Ecuador
 

Ecuador has a land area of 27 million hectares, about 1.9 times
 

the land area of Illinois, and equivalent to about 8 LANDSAT scenes.
 

GOE Agencies and Their Relationship to Project
 

Two GOE agencies would be responsible for most of the activities
 

under the RSA project. They are the Center for the Integrated Study
 

of Natural Resources by Remote Sensing (CLIRSEN) and the Program for
 

National Regionalization (PRONAREG) :f the Ministry of Agriculture. A
 

heavy emphasis Isbeinq placed upon the reqionalization program to promote
 

decentralization of activities to relatively small homogeneous regions
 

of the country. Many types of land use and resource maps are beinq
 

prepared at the present time so as to give a basis for the establishment
 

of the regions. It Is anticipated that data will be useful inupdating
 

these maps.
 

CLIRSEN was established in December, 1977, to carry out on a continuing
 

basis a national inventory of renewable and nonrenewable resources, to
 

plan, organize, coordinate, and carry out remote sensing activities in
 

the country, to assist other GOL agencies inmap development activities,
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and to provide technical assistance in remote sensing and related activities
 

to other GOE agencies. A year ago it had three members, but it has now
 

expanded to twenty members with various areas of expertise. Apparently,
 

the agency is able to pay somewhat higher salaries than other government
 

agencies and therefore has attracted well-qualiFied and competent personnel.
 

The Department of Agriculture also appears to have good personnel and an
 

active program. Under - French-sponsored project, the Office of Scien

tific Research (ORSTOM) maintains a list frame of farm units. Using
 

this list frame, a survey covering area and production of crops was
 

carried out in 1975. A methodology report has just been released, although
 

a full report of the survey is not yet out. The methodology in establishing
 

the list frame appears to be quite good but still carries the inadequacies
 

of any list fame with the necessity for continual updating. While the
 

other members of PRONAREG express a strong interest in the area frame
 

construction, the interest by members of ORSTOM was not so apparent.
 

However, their activities were enough tangential to the main thrust of
 

PRONAREG that their reluctance would not be a deterent to the Ministry
 

of Agriculture participating fully in the construction and use of the
 

area frame.
 

While both CLIRSEN and PRONAREG expressed a strong interest in all
 

phases of the project, they were not yet at a point where, they could
 

say exactly which grrp would have re~pon$1billty for each of the activities.
 

CLIRS(N is willing to take the lead in coordinating the project. This
 

appears sufficiently good that an agreement can t*obtained. Itwould
 

jib-qar now that CLIRSEN as well as PRONAREG might be well involved in
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the first phase, that PRONAREG would be most involved in the second
 

phase, but that CLIRSEN would be more heavily involved inthe third
 

phase of the project. Inthe absence of any work to date on an area
 

frame, it is doubtful that Ecuador can advance to the fourth phase within
 

a three year period.
 

The only other project closely related to the RSA project is
 

the ORSTOM project which isdiscussed above. Ifthe area frame is
 

to be used as a basis for a survey of area and production, itis possible
 

that the Ministry of Agriculture would like an evaluation and comparison
 

of the two methods. Itthe matter were discussed further with them,
 

this evaluation could take place without having to run a survey based
 

upon both types of frames.
 

GOE Interest, Motivation and Capability to Carry Out the Project:
 

Itwas very clear that both CLIRSEN and PRONAREG are very interested
 

inthe project and would like to work on it. Infact, Ing. Alberto
 

Segovia, Executive Director at CLIRSEN, has written a letter indicating
 

thei- interest. Ing. Oswaldo Guevara, PRONAREG, expressed a similar
 

interest orally at the time of the meeting. It is anticipated that these
 

two organizations will be able to provide the personnel, the space,
 

and the logistic support for the project. The project would be particu

larly useful to CLIRSEN at this stage of the developrmtnt.to give the 

needed experience in usinq satellite imagery and aerial photography. 

Because only rough estimates of area production of many crop, are now 

available in Ecuador, the project would also prove useful for the 

Ministry of Agriculture inproviding Information needed for the orderly 

development of the country. 

http:developrmtnt.to
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Phase 1 - Area Frame 

Neither CLIRSEN nor PRONAREG has at this time anyone with experience
 

to supervise the construction on area frame. Each of them do have
 

individuals, however, who, with some training in this country and some
 

TDY assistance in Ecuador, shouid be able to successfully head up such
 

a program. Neither adequate scale maps nor aerial photography is
 

available for the entire country. The U.S. Air Force took aerial photos
 

during the 1960s and these would have to be used for part of the country.
 

The Military Geographic Institute has two planes and has been taking aerial
 

photos for the past two years, which has helped to update the older
 

photography but still does not provide 100 percent coveraae. Nearly
 

50 percent of the country has been topographically mapped at a scale of
 

1:25,000. Fortunately, much of the country that has been mapped is the
 

productive agriculturel land. This means that additional mapping and
 

additional air photography woula have to be carried out to successfully
 

complete an area frame. Itmight be necessary to confine the area frame
 

initially to the Sierra and coastal regions, omittingj the Orlente
 

region to the east. LANDSAT imagery would be required. plus considerable
 

on-the-spot training. The earliest a frame could be completed would 

be December 1980. 

Phase 2 - Field Surv!X 

The Ministry of Agriculture has had more experience but has not
 

carried out a fully %uccesful survey of this type to date. With
 

so additional training In turvey methods and sufficient TDY assit~nc*
 

fot collection And a4nlyisi of the data. they thould be able to Carry out
 

Phase ? succesfully. but tho Oarliett notion4l total could not be
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obtained until 1981 or early 1982 which would hinder development of 

Phase 3. 

Phase 3 - Computer Classification 

A feasibility survey isneeded promptly for a possible Phase III
 

project.
 

At the present time CLIRSEN does not have the experiencL to 

be able to carry out Phase 3. Within two years, however, by the 

time Phase 3 is ready for operation, CLIRSEN could well have the 

capability of working in this area. They do not yet have a suitable 

computer or software but they do have some of the people that should 

be prepared by that time to work on the project. If it were possible 

to obtain computer support early inthe project, with some AID support, 

they would be obtaining experience much more rapidly than ifthis 

were not obtained for two more years. 

Infact, probably the primary strength of GOE, both with CLIRSEN
 

and with PRONAREG, is the quality of the people who would be working
 

on the project. If the project is to succeed any place, itwould
 

depend upon good peoplt. The quality of personnel in CLIRSEN and
 

PRONAREG Is high. The collective group in CLIRSEN It as strong as inany
 

developing country. The major question iswhether they have the
 

experience of leading a group through a project to itt successful
 

complet ion.
 

.nspite rf the difficultiet with cloud cover over the coastal
 

regions ano with lacl, of experience in are" frame construction or 

remote stnsing, the project hat a reasonable chance of success In 
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Ecuador because of the personnel that would be attached to it. Within
 

the three year period, Ecuador could have an area frame for most of
 

the country, conduct a field survey to obtain area and production
 

estimates, and be able to iitiate a program incomputer classification
 

for at least rice, sugar cane and pastures.
 

Project Management and Needs
 

Project Manaqement
 

Project management would be as outlined earlier between CLIRSEN
 

and PRONAREG.
 

Project Needs 

Phase I - LANDSAT imagery to assist instratification for area frame 

- Updated aerial photoraphy over selected areas (AID support) 

- Training and interpretation of aerial photos and LANDSAT imagery
 

- Training inU.S. for two specialists inarea frame construction
 

- TDY assistance inarea frame construction inEcuador
 

Phase 2 - In-country short course on survey i,.thods (inSpanish)
 

- Training for Prnitairators and supervisors 

- TDY mathematical statistician
 

- Training Indata processing, progranining, analysis 

Phase 3 - reasibility. survey
 

- Timely delivery of L)%DSAT tapes (NASA or Brazil)#
 

- Suitable computer and software
 

- Training incomputer classification techniques and use of ground 

truth procedures. 

- TOY assistance Incomputer classification 
- Software/Programor support 

Phase 4 - Not anticipated within thre year project, 
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(c) North Africa
 

(1) Morocco
 

Morocco has a land area of 110,000,000 hectares, about equal
 

to the area of California, and equivalent to some 30 full LANDSAT scenes.
 

The principal agricultural areas are less than one-half of the
 

total area.
 

Morocco's agricultural areas are characterized by a distinct
 

dry Meditaerranean climate, much akin to that of California's southern
 

coast and central valley. Its agriculture includes mixed irrigation
 

and both large and small-field dry land grain crop productiooi. It
 

should lend itself well therefore to all phases of the RSA project.
 

Government of MOrocco Interest, MOtivation and Capabilit y to Carry
 
ut the Project 

Phase 1 - Area Frame Sampling 

The Ministry of Agriculture has both the interest and
 

capability to carry out construction of an area frame, and personnel
 

resources needed. Their statisticians were alert to the possibilities
 

of an area frame, appeared to be sympathetic to the approach, and were
 

prepared to try iton a pilot study basis. Itisanticipated that
 

the pilot study would begin by summer 1979 inthe Kenitra area and
 

would continue through the harvest in the summer of 1980. 
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It Isanticipated that the construction of the area frame for the whole 

country would not be completed until December 1980, and that itwould
 

be the 1980-81 crop ye&r that would constitute the first country-wide
 

evaluation of Phase 2. A wide variety of high-grade materials are
 

already available in Morocco for the construction of an area frame:
 

(1) Topographic Maps. High quality topographic maps at a scale of
 
1:50,000 are available for nearly all the settled agricultural areas.
 
Most of these maps are less than 10 y_,ars old and a good number have
 
been completed inthe last 5 years. Essentially all the important
 
agricultural regions are covered at a scale of 1:100,000 and the
 
entire country, excluding Spanish Morocco, iscovered at scale of
 
1:200,000. Spanish Morocco iscovered at a scale of 1:250,000.
 

(2) Aerial Photographs. A surprisinoly wide variety of large scale 
and meium and small scale aerial photographs are available, well 
organized and readily accessible inthe Cartography Division of the 
Ministry of Agriculture. -Large portions of the principal irrigated 
regions have large scale photoq ghs at various scales; some as small 
as 1:3,000 to 1:10,000. Other areas have 1:10,000 to l:15,OOC and 
quite large sectors of the area roughly 50 miles inland from Safi 
beyond Casablanca, Rabat and Kenitra north to Tangiers and then east 
to Melilla and OuJda are at the same scale. Inaddition there is
 
extensive coverage of large scale photography (1:15,000 to 1:20,000)
 
inthe irrigated regions surroundirg Marrakech. This large-scale
 
photography isof varying date but almost all is later than 1960
 
vintage and much isfrom the mid to late 1970's. Medium scale photography
 
from scales of 1:20,000-25,000; 1:25,000-30,000 and 1:30,000-40,000
 
partially overlaps the large scale photography and fleshes out tne 
balance of the agricultural areas. The earliest of this photography
 
dates from about 1962, but most isof 1970 vintage and later. ,Some
 
pieces were flown as recently as 1975 and 1976. Small scale photography
 
at scales of 1:40,000-1:50,000 and smaller covers virtually the entire
 
agricultural and pastoral regions of Morocco.
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(3)Special Purpose Maps. A variety of special purpose large, medium 
and small scale thematic maps are also available which will be invaluable 
in setting up the sample frame. These include city and village town 
plan maps, irrigation project maps, national cadastral survey maps, 
national forest maps, etc. All are well-housed and readily available 
in the Division of Cartography of the Ministry of Agriculture and 
Agrarian Reform. 

(4) A considerable variety of LANDSAT images are already available in 
Morocco. However, these are of poor quality (mostly EROS Data Center). 
Properly prepared and enhanced LANDSAT imagery in conjunction with the 
existing very good base of maps and aerial photography would enable a 
high quality area sampling frame to be established in Morocco. 

Phase 2 - Field Survey 

Field surveys based on the area frame would be carried out in 

the 1980-81 crop year, with as many as three or four repeat surveys 

depending on the crop mix and livestock statistics desired. It is 

expected that other than the advisory role by the USDA/AID team and 

provision of LANDSAT materials, that all resources will be provided 

by Morocco. 

There is a substantial new IBM computer facility available in the
 

Ministry of Agriculture. At least one of the computer software 

specialists has gone through a training program of 6 week% under Bill
 

Wigton in UN/FAO, Rome. However, the computer facility t. new and
 

they are presently slow in processing large strearnof data. Alter. 

natively, a small mini computer could be purchaed by UIDA/Alt) 

(for $12.000) and - with modification of the programs already developed 

by USDA to meet Moroccan conditions - could be operated directly in 
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the Division of Statistics and Economics for preparing national estimates.
 

Clearly, however, the IBM computer might be of value if Phase 3 is
 

introduced inMorocco.
 

The technical personnel participating inthe pilot study carried
 

out during Phase 1 in the Kenitra area would form the cadre for train

ing or field interviewing groups for the country-wide survey.
 

Phase 3 - Computer Classi.ication 

There are no significant remote sensing facilities, personnel 

or software presently inMorocco. The quality of personnel potentially 

available is high. However, the Department of Agriculture is interested 

in implementing Phases 1 and 2, and with d well-planned training program 

and implementation of software. Phase 3 could be introduced. If started 

no later than March. 1980. a Phasf 3 project could have an impact on 

improving the crop forecasting possibly in the form of a pilot study 

Involving several provinces for the 19o-1991 crop season. It Is 

unlikely, however, that a substantial country-wide program could be 

developed for the 19HO-0981 season. At best then only an experimental 

and pilot %tudy could be carried out within the time rame of the project. 

doubt whether there was real understanding of the magnitude of the 

commitme~nt by Moroccan pertonnel. A further vi-it would be neceSsary 

to invetiqgte the fea-,Ibility of a Phate 3, In-depth dt.cuwtion$ 

with the Computer system-s personnel and Inveitlgation% of delivery 

schodules of computer cofptibie !apet ind costs frot rleipA:;io in 

Italy, would be necesary, Ph4as 3 could not be put together in the 

time that isavdil4ble, IfIthid to tpllpw the dvolopment of the arta 
frime, 
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The feasibility analysis started concentrated on personnel,
 

computational and software matters, difficulties of software conversion 

and obtaining computer compatible tapes from Telespazzio. It would
 

require a significant investment of Moroccan personnel and would 

probably require virtually continuous use of a very experienced computer 

programmer from the United States well familiar with such procedures. 

It should not be sold as an operational program, but rather as pilot 

research potentially leading to an operational project. 

Phase 4 - Agro-Meteoroloical Modeling 

The likelihood that a useful Phase 4 could be gotten underway 

in Morocco appeari higher than that of Phase 3. The Meteorological 

Service is interested, and has a related project already underway. 

With objective yield forecasting 'nstalled in Phase 2, a Phase 4 

project designed to monitor the condition of the crops after the date 

of the objective yield forecast, and up to the harvest/is potentially 

possible and could be carried out independent )f whether Phase 3 is 

introduced o, not. A feasibility study would be required to establish 

in detil the exact forim of such an experiment. 

The meteorological service In Morocco has 30 first order stations 

Connected by telety * to the central forecasting facility gathering 

daily data on tempoerature. rainfall, evaporation, and retative humidity. 

Soe 90 additional tations provide data every 10 day,. but only on 

total dally rainfall, 1h addition they have facilitiet for receiving 

the visible band of Meteotat (furopian earth synchrohous meteorological 

ja&tellite, compartle to the 4*J/GO( and tUAA satllites), They have 

no porsonnel trained in and familiar with the use of nor o0 they have 
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the capability to receive Meteosat thermal IRdata. They thus have
 

part of the capability needed to monitor daily rainfall utilizing
 

meteorological satellite data from Meteosat and from NOAA 5 and NOAA
 

4 satellites in conjunction with their 30 station teletype network.
 

Under United Nations/FAO and WHO sponsorship there is a joint
 

agrometeorological project directed by Dr. Cremeinis. A United States 

agrometeorological project is based upon the use of the 10-day 

accumulated rainfall statistics. The data is forwarded to a central
 

stition inAlgeria which, under Cremeinis's direction. monitors general
 

crop condition with an emphasis on wheat. This is a 3-year project 
dire tor in the Moroccan me"#oroloi cal service, 

which is only just begun. Mr. Saaleas much interested in t po~siiie 


bility of an agro.neteorological project that would employ the meteoro

logical sitellite data and in addition monitor in a more timely manner
 

(than every 10 days) crop progress and condition. Itwas clear from
 

the discussions that Morocco would be a good potential choice for pushing
 

a project through Phase 4. This is irrespective of whether a Phase 3 

LAIDSAT computer phase were introduced. 

A feasibility study would need to be carried out to determine 

whether 4 pilot agrometeorological study of a portion or the whole of 

Morocco might be appropriate, The principal purposes of the feasibility 

study would be .oettablis', , (4) the personnel *nd faterial resources 

needed to corry out both pilot studiet and potential operations; (b) 

bckgroud *gronomic and related rtte*rch available in Mro,:co; (C) 

ntw 4grofib1c and .*eteor ugla1 reeir(h needed in Morocco. (4) 

coopor tinj personnel In the Mnistry o Aqricultvrv. the Moteorological 

Service, thqt, p4rUIfsi tf Agronoay of the unlvorsitll, and cooperating 
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agricultural experiment stations; (e) estimates of cost of pilot 

study; (f)ground rules and proceafres for performance of pilot 

study; and (g)cost estimates for an operational country-wide agro

meteorological monitoring system.
 

Project Management and Project Needs
 

Project Management 

The Division of Statistics and Economics, Moroccan Ministry of 

Agriculture (DSE) will be the In-country key agency with support from 

USDA/USAID for Phases 1 and 2. Personnel, equipment, vehicles and 

in-country travel are expected to be covered satisfactorily. Questions 

of space for TDY personnel remain to be resolved. LANDSAT imagery) 

including special enhance ents if appropriate)and stable base U,PS 

would be provided by USDA/AID. Aerial photographs and project con

sumable maps would be provided by Morocco. In-country management of 

Phases 3 anid 4 remain to be evaluated inc feasibility analysis in the 

Fall, 1979. 

Mangement of USAID/USDA contributions would be by DS/ST for 

AIO and ESCS for USDA. USDA/ESC$ would manage all subcontractors 

technical and scientific work including Phases 3 4nd 4 if introduced. 

Project Needs - Summa ry 

Phase I - LANDSAT imagery (USOA) 

. Existing Aerial Photography (Morocco) 

- Training In Photo Interpretation 6 Frame Construction 

. TOY Statistician, Photo Interpretation. 
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Phase 2 - In-country short course on survey methods
 
(in French) 

- Training assistance for enumerators &
 
supervisors
 

- TDY Mathematical Statistician, Field Interview
 
Supervisor & Computer Programmer
 

-	Desk-Top Computer for National Totals Aggregation
 

Phase 3 - Feasibility Analysis. if proven feasible then:
 

- Telespazzio agreement to provide digital 
LANDSAT tapes during critical times in 
growing season 

-	TDY Management/co-ordination/training of Moroccan
 
personnel in remote sensing for agriculture,
 

Wigton-Huddleston procedures, integration of
 
ground statistics for Phaw 2 etc.
 

Phase 4 - Feasibility Analysis. If proven feasible then: 

-	 Concentration on Wheat and other small grains 

M 	Determination of models employing ground and/or
 
meteorological satellite observations
 

- Subcontractor support of Moroccan agro-mteorolo
gists and meteorologists 

Md Asia
 

(1) Philippines
 

The Philippines has a land area of 116,000 square 

miles. It takes 43 Landeat frames to cover all the tslands, 

30 frois for land arean alone. The major land uboa amenable 

to measurement from rtmoto sensing are irrigated lowland 

rice, rain-fad lowland rice, upland divereitiod crops, sugar

cane, coconut, ranchyo, open land, donudod foreato, forests 

swAIMps, marahon, mangroven, and built-up area#.
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Government of Philippines Interest r Motvatleny and, 
Capability to CarryOut the Project 

Phase 1 - Area Frame Sampling 

Initial contacts with the Bureau of Agricultural 

Economics staff indicated that they were rather cautious in 

makinq changes. They had been used to the list sampling 

System and had not started on the area frame sampling system. 

Mr. Bruce Graham (USDA ESCS) has worked with the group before 

and thus has their confidence. It is expected that after a brief 

period of working with them again, Mr. Graham, together with 

Mr. Charles Caudell (USDA ESCS), would have a positive effect 

on them. 

Within the Ministry of Agriculture, the Bureau of Soils 

bad some staff members fairly well-trained in the interpreta

tion of conventional airphotos, but there was very limited 

experience in using Landsat data. It was interesting to note 

that this group did not participate in, for instance, the 

Mindoro project (Landuat) which was recently completed under 

the prnonorahl; of tSAID. It appeared that in the conduct of 

the proponod program, partciatlon and coordination of 

talents of photo Intorpretation and remote mcasing groups 

from the various agencies should bt eftectively diroctod. 

Director Alcacit, t the Bureau of Sollo, 1= very in 

tereated in.tho proqram. Hle olvocatod the eotablistnnt of 

a Landgat roeoivinq atatlon to the P liJpinon and indicated 

that the Aqricultura1 Kinlatry ohould plAy a majo'r role in 

resot@ snsming to monitor the many changing features (in 
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contrast to such relatively unchanging features as geology).
 

Mr. Santos of his Bureau had gone through a brief LARS training
 

program at Purdue University in 1972. The Soils Bureau is
 

working on a set of land use maps covering the entire country.
 

Maps coverinq the Island of Luzon had been completed and the
 

rest might be completed in a year. These would be of great
 

value to the proposed area frame sample.
 

The major remote sensing group is located at the Natural 

Resources Management Center, Mdrnistry of Natural Resources. 

The remote sensing activities there is built around the 

General Electric Image 100 which is used actively for various 

projects, mostly oriented to geology and mining. This appeared 

to be an enthusiastic and effective group and hd extensive 

trainin and educational plans as well. They do not perform 

traditional photo interpretation themselves. They believe
 

that teoiden identifying crops (including rice, corn, sugar

cane and coconut), the satellite imagoe might also pick up in

fomation about the effecto of irrigation. They Agreed that 

mixed crops and small fiolds would present problems. 

The nivbrbity of Philippinan Tranirtg Canter g9'oup is 

primarily engagod in Airphoto interpretation tralnin4 and 

project. Dr. bruce of the univervity ni that nearly &l6 

of the Pthilipl~Atie Va covored by 19CU or moic racont l.;25.OOO 

scale air hc~ts, iti additio. to the coN'Iete CVcVAcJO bY 

tOt. tho yovrb, 

trained many photo interpretors from varicu* government 

ol4ar military rho$ Oveor hip Canter has
 



40
 

departments, now returned and scattered in the agencies.
 

One project he is working on is of major significance
 

to the area frame. In this project, he is compiling three
 

sets of maps for the whole country under the sponsorship of
 

Dr. Florencio Librero, director of the National Training
 

Center for Rural Development at the University. These three
 

sets of maps would cover: 1) soils of the Philippines,
 

2) slopes of the Philippines, and 3) present land use of the
 

Philippines. They were based on existing information from
 

maps as well as from the 1 to 15,000 sckle air photos. The
 

first two sets of maps has been completed. The third net
 

was 20t completed and expected to be 100t completed by Sep

tember 1979. This land use set would classify the land into
 

nine categories: 1) ;rrigated lowland rice, 2) rain-fed low

land rice, 3) upland diversified crops, 4) augarcane, 5) 

coconut, () ranch, cpen land, and denuded forest, 7) forests, 

8) swamp, marsh, and mangrove, and 9) built-up area. This 

last st of maps would provide valuable data for the area 

frame. 

Phase 2 - Fiold Survey 

The bureau of Agricultural Eoonomics is presenty aon

ductino field surveys uSin9 list sampling a a mons to ee0t 

field for grcviwd cneumbr tioti. The orb CctIvo Of nhA4RO I 

above Wil lit t(, C11V1 thtit 1ftr0sU TO Chare M&4f04 

fra sat~-e~.~.4loq. the ltabl.n 00~ It att c~ic pfra@ I 

thin burbat de not to Ub# tht 4rea, ftai'-_ for anunsrationo 

we %ill torivinato the pro)@Ct 4t 010i POInt In tht Vhril1Ppiftes. 
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Phase 3 - Computer Classification
 

Whether the Philippines is going to have a Landcat
 

receiving station is a significant factor influencing phase 3
 

of the project. It takes about 43 frames of Landsat images
 

to cover the entire country, about 30 frames for land areas
 

alone. M4r. Bruce Grahxt brouqht along a computer printout
 

from the U.S. of available Landsat images covering the 

Philippinee. Thir printout indicated that there ware L ily 

IC4 good qualit; acqu1sitiona during the years 197 through 

1978. This points to the lack of adequate data if a Landsat 

receiving staticii it not to b1 ebtablibhod in the P'hilippinOs, 

Many more useful sequential images would be needed in phase 3 

to classify crop by real tie procassing of Landsat data
 

tapes.
 

At the Ministry of agriculturo, Assistant Minister 2o3
 

questioned many aspects and was skeptical 4bout the Perit of 

estat'lphtnq A -644404t oceinJ Ot~tlaft I. the Phi.lippinos 

just for tho tbOnefit of cec-'p ylald trocatlliq lie Ibught 

that vauch 444ttP-1 Oucts 44 mthiltelti9i erol 40kog.. 

and Mnlitorlft" Ftral Mnar4e~ would tb neee to )uotify 

the Cost of tt;b ttlt 

A* f~r thse c~peity of the cimputer clsis1ficoiton work# 

theT V0 r"cl%4 w~p tret@ *#"#Ing "ple ift tho tiaturs 

equi powot -to i( w4 !,o- 4- e~v1lftrT 1,4se teir u41t ic1

0lassitication of largJs t1#140 it sCrr~ft L*Asat dot* vote 
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available. There were also likely scattered remote sensing
 

talents in the various departments.' In the area of photo
 

interpretition, there seemed to be sufficient support,
 

trained by Dr. Bruce and others, scattered in the various
 

departments. Coordination to maximize efforts would be
 

needed.
 

Technical problems regarding smal, fields, mixed and/or 

rotational crops as well as the prospect of improved resolu

tion that would favor the use of the future Landsat are 

comon to about all ioutheast Aisan countrieb, and not nec

csssArily) peLuliar to the Philippined. or thib reason, as 

Well 45 the reluctance of the Ministry of Agriculture to 

adopt new technoloqy, it is not recomndod to proceed to 

phase 3 ir.the Philippines. 

PhAo 4- Agro-Mtorolohical Modeling 

There w45 ro Active PO discovered in the Philippines 

using 4agC-Mbt fh~195 for er~yiel 4950sment.Y101 It 15 

possit tl i4 4tY e!ftortb vcrc; r~ao. hewaver, it the agencies 

TG~t~~ t:4COnt4Ct~d Vc~ 4clly tlilb ,It M3ust be 

*9%Mhed4 ti.4it tLhe6Yc'+w d h+vo romched the outZect during the 

dicot-.6 tha 4ofitif tc~lt 11a thaa it so toc ~nded 

thaIta+ 4 1t 1,0 :1,4 ttic Ptit:Ipplooo. 

y".,M.=Fr'yCIpoetAPrjectC,, t e,1 

r the ooordLastinq 

agency Pt t ib ptb tzialll$44na5. Athough the xan

4yt14 

V*~e b -4rea'o t toilo eoruld be 

poweto ~ l th OW IAtry Ot Agriculture* their 
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reluctance to adopt new technology such as area frame sampling
 

indicates that they will be a follower instead of a leader
 

in this project. The Natural Resources Management Center
 

will be involved and, although it is well equipped and staffed
 

to perform automatic image classification of crops, this
 

Center will not be the lead agency since the application is
 

in agriculture. The Center's usual work is in geological
 

and coastal mapping. USDA personnel would work in cooperation
 

with the Bureau of Soils, with USDA providing Landsat imagery
 

and staLle base maps. The Bureau of Soils and Ministry of
 

Aqriculture would provide working space, personnel, equipment,
 

and vehicles.
 

Project 	Needs - SuaEX 

Phase I 	- Landsat imagery (USDA) 

- Existing Aerial Photography (Philippines) 

- Training in Prame Construction (USDA) 

- TDY Statistician, Photo Interpretation (USDA) 

Phase 2 - Zn-country ahort courae on survey methods (USDA) 

- training anoistance for enumerators & supervisors 
(USDA) 

- TDY MAthcmAtLcal Statistician, rield Interview 
Suporvisor, 4 Computer r'rogrammr (USDA) 

- Desk Top Computer for National Totals Aggregation
(USDA) 
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(2) Thailand
 

Thailand has a land area of 200,000 square miles.
 

It takes 23 Landsat frames to cover all land areas of
 

Thailand. Thailand is a major food-exporting country and
 

depends greatly on the foreign exchange aenerated by such
 

exports. However, exports vary greatly with the success of
 

the crop harvest and prevailing market conditions. In 1976
 

Thailand exoorted 1.9 million metric tons of rice. In 1977
 

Thailand'r rice export set a record at 2.9 million tons, but
 

the 1978 crop is expected to fall back to 1.8 million tons
 

an a result of drought. Similarly corn, sugar, and cassava
 

exports vary greatly from year to year. Thailand is concerned
 

about the effects of variable production and exports on the
 

availability of domestic supplies. Above all, itneeds
 

better crop information for settir,; axport policies.
 

Poya] Thai _ovcrnment (RTG) Interest, Motivation_ and
 

CapablitY to Carry Out the Project
 

Phase 1 - Area Jrame Sa!Mlin 

Under a DS/.T-fundted gra.it project, area frame sampling
 

was introduced to Thailand in 1977. Dueoto severe cloud
 

problems that crop year, no current Landest imagery could be
 

obtained on tho natollite tape rocorders and the. project
 

failed to derongtrnte tho applicability of Landtat imagery in
 

buildinq frames. finca that time, Iowa State Univorsity has
 

been workliq with th, PTG Division of Agricultural Economics
 

(DAr), building frames with the help of aorial photography.
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Because the aerial photos are now quite old, and because the
 

Thais are building a Landsat receiving station which will
 

assure them current image data, they are interested in par

ticipating in thiz project to update area frames in those
 

provinces where their existing frames need updating, as well
 

as building new frames in the remaining provinces.
 

At the Ministry of Agriculture, the staff of the Division
 

of Agricultural Economics has the interest to cooperate,
 

and capacity to carry out the program with the guidance and
 

assistance from the staff of the U.S. Department of Agri

culture. Forecasting yields of their major crops--rice,
 

corn, sugarcane and possibly cassava--is very important.
 

Although their staff appear to be technically weak at this
 

time, the USDA staff would find them a good group to support
 

and work with.
 

There was little remote sensing capability within the 

Agricultural Econovics group. However, within the Ministry 

of Agriculture, there were people trained in photographic 

interpretation scattered in the rorest Department, the Land 

Development Department, and possibly others, who wore capable 

of undertakinq some aspects of the proponed program. 

Phano 2 - Yield Survey 

The Divinion of Agricultural Economica pretisntly has
 

many fild enumerators collocting agricultural data on the
 

ground. Theme pooplo are well trainod, and tho Thai know
 

how to train more. Other than the RTC involving these
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enumerators in the demonstration surveys of this project,
 

there is no further RTG cooperation, nor USDA training or
 

assistance, needed in this phase.
 

Phase 3 - Computer Classification
 

Reqarding remote sensing, the two major sources of 

support would be the National Research Council (NRC) and 

Asian Institute of Technology (AIT). The NRC has facilities 

to process, print, and interpret satellite data such as 

Landsat products. They are highly motivated, enthusiastic and 

willing to proceed. AIT has excellent computing facilities 

and personnel. They work with an IBM 370/145 and are knowl

edgeable in digital analysis of satellite images. This fact, 

together with the impending establishment of the U.S. co

sponsored Regional Remote Sensing Training Center, to be 

located at AIT, would be a very strong asset to this Agri

culture Project. The Center titaff here, however, was not 

strong in traditional air photo interpretation, which would 

be needed in some aspects of the program. Some means to 

integrate the photo interpretation personnel from different 

departmentt; withiji the qovernment and to have them interact 

with the remote uensing group at l[RC would be essentlal for 

a successful program. 

It in proposod that a feabibility study be conducted 

under thin pro~vct to asDOss in greater detail tho deirability 

of entering phane 3 ot thin project. Althouctrica, grown 

in small fields thowisands of which arc contiguout and thus 
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amenable to Landsat identification, might be automatically
 

classified by computer techniques, other crops are grown in
 

small fields and are mixed and annually rotated, making
 

ground truthing and computer training difficult.
 

Phase 4 - Agro-Meteorological Modeling 

Metoerological input would come from weather satellite
 

data from the Office of Meteorology. In addition to the
 

construction of a Landsat receiving station, the Thai are
 

also installinq a new weather satellite receiving station
 

(to receive the new TIROS-N and the Japanese GMS data). The
 

Ministry of Aqriculture however has the responsibility of
 

modeling crop yield with these data. The Ministry of Agri

culture in addition has plans to expand their existing com

puter facility to provide for this yield modeling. As this
 

Ministry is responsible for the area framo nample, it is
 

recommended that a feasibility study also be done to better
 

assens the RTG readiness to proceed with this phase. 

Project tManaciont and Project Neoeds 

P'roject Mt noieent 

The Department of Technological and IX.-nomic Cocvueration 

(DTCC) in the coordinating agency in the RTC for thin project. 

They will involve tho VIviniom. of Agricultural .concmice an 

a load aqe ry in 1hanvs 1 and 1, the National Paeaorch Council 

in phone 3, and apropriato Ministry of Agjricultural and 

Meteorological personnel in phone 4. The National Reearch 
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Council will lend their remote sensing skills where nec

cessary throughout all phases of the project.
 

Project Needs - Summary
 

Phase 1 - Landsat imagery (USDA - until RTG station
 
operational April 1980) 

- rxistinq Aerial Photography (RTG) 

- TDY Statistician (USDA) 

Phase 2 - None 

Phase 3 - TDY Image Analyst, Computer Prograimer (USDA) 

- Landsat receiving station (RTG) 

- U.S. training on digital image analysis (USDA) 

Phase 4 - Improved weather satellite receiving station (RTG) 

- Yield models (RTG and USDA) 

(3) Indonesia
 

Indonesia has a l'nd area of 735,000 square miles 

made up over 13,000 small islands and spanning an area of 

3,000 miles in an east-west distance. There are up to seventy 

Landsat imaes coverinri the main islands alone. It is the 

fifth most populated country- in the world and world' a largest 

importer of rice. [ach year around 2 million metric tons of 

rice are imported to supplement the rice qrown In Indonesia. 

The Government of Indonesia pays dearly for that qrain. 

The r)npartment of AIricul'ure In lndonwla in extremely 

understaffed. Iosat of the' Peprrtmenta Are functioning and 

the heads Art oxtramoly competent hut ioiquAto ptaff at the 
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lower level at the-epresent time in not possihle because of a
 

lack ot qualified pecle. ATD/Indonesia has a contract with
 

Iowa State University to train Agriculture economists, install
 

a data processinq center, anO build a capaLility to use agri

cultural statistics as input data to linear proqramning
 

models for economic models. The remote sensing project would
 

tie in very nicely to the existing project because we .'ould 

improve the agricultural statistics and the Indonesians could
 

make excellent use of the data generated ty this project. 

Government of Indonesia Interest. Motivation and Capability 

to Carri Out Proiect
 

Phase 1 - Area rrame Samplling
 

In Indont 1a tv'o Departments are interested in the Area 

Samplinq rrxne and Phase II v'ork. The Central Bureau of 

Statistics (CBS) has show:, interest in the remote sensing 

project. UflntA evaluation temt1 -ave met two times with the 

Director General, Adul M~,,id, who is reaponrible for collecting 

data in the field. At the present time Indonesia uses an 

FAQ data collection sysat that io very inofficient for agri

cultural data. The f ld interviewers have to apend a lot 

of timo ij the field doinq field listinq. The C1Ir could use 

th@ ara simpllnq frame to collect data on all types of land 

Use related ulvoyi, nut only ajrlculture, The Miniatry of 

Aqriculture aloo has Indicated that they would lIlk to have 

the remote sensing proect tie into the Iowa Ptate project. 
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Work could start soon with counterparts from both
 

Ministry of Agriculture and CBS. CBS would take the lead
 

and provide the facilities and most of the personnel. Plans
 

are to start in two areas--one in Central Java and another in
 

Sumatra. Next, all of Java and Sumatra will be completed.
 

Bakosurtanal, Agriculture School at Bogor (IPB), and CBS
 

have expertise to construct a photo mosaic, photo interpret
 

aerial photography an! satellite imagery, and to select 

samples. AaIosurtanal has all availab-le Landsat images for
 

Indonesia. Also they are in the process of obtaining color 

IR photography for most of the biq islands. They have ex

cellent facilities and seem very villing to help. Their land 

USe maps made from color IP v'ill be very useful for this pro-c 

Joct. 'ood maps wl Le a problem since in some areas they 

are not available. Fundinq for Indonesian personnel may be 

a problem but the Indonesians are planninq to obtain funds. 

Phase 2 - Field Sur=ey 

At present CrIS hati field intervievera vith experience. 

Once they have been trained, nnul considering thpir qreat 

interest, they will be excelient for this project. 

No phaseb 3 and 4 arc planned for Indonesia. 

Project Man oement and Projert Nedn 

Prolect Mni.,ut'ient 

The nlonttr;asi vtvernment needs this proJoct to improve 

its agricultural data . Inpiut to planninq for importa of rice and 

acquiring foreign exchange. Some highly skilled Indonesians
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are workinq within the various departments,however, more
 

are needed. Transportation and communication will not be
 

simple but the project will be extremely useful to both
 

AID/Indonesia to help in planning, using the Iowa State
 

project and to assist in detei-mining PL400 food needs, and
 

to the Indonesian Government, to help them with many of their 

data needs relating to agricultural and planning in the 

Ministry of Agriculture. 

Indonesmi represents a tough challenge to the project.
 

There are many islands, and transportation ia difficult,
 

even on one island. This country will require intensive
 

USDA technical assistance. Landsat imagery is scarce. The
 

Central bureau of Statistics will be the coordinating agency
 

in Indonesia.
 

Project Noeds - Summary 

Phase 1 - Landant imagery (USDA) 

- Existing Aerial Photoqraphy (Indonesia) 

- TDY Stvtiti cians (2), Photo Interpreters (2), 
(USDA) 

- Gana Mada & Begor univermity rPupport (Indonesia) 

Phase 2 - Ground enumerators (USDA-2, Indonesia-10) 

- na a 44da L hoqor univerinity support 
(Indonpala) 

- Desk Top Computer for National Totals Aggregation 
(USDA)
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- In Country Short Course on survey methods 
(USDA) 

- TDY Mathematical Statistician, Field Interview 
Supervisor, and Computer Programmer (USDA) 



ANNEX 2
 

DrL 3/9/79
 

INTEIRMENCY AR4EMENT
 

M4ONG THE 

UNITED STATES DEPARTMENT OF AGRICULTURE, 

UNITED STATES DEPARTMENT OF COMMERCE,
 

UNITED STATES DEPARTMENT OF THE INTERIOR,
 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
 

AND THE
 

AGENCY FOR INTERNATIONAL DEVELOPhENT
 

FORA 

MINT PRORM FOR 

(AGRICULTURE AND RESOURCES INVENTORY 

SURVEY THROUGH AEROSPACE RDOTE SENSING) 

(AGRI STARS) 
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j, GENERAL INFORMATION
 

WHEREAS, the Department of Agriculture has responsibility 

within the Federal government to acquire, analyze, and interpret 

information for the purpose of estimating And forecasting national 

and international supply and demand for agricultural comrodities; 

for mrwsuring anid assessing Impact or agriculturAl prodoction of 

changes in land use, conservation practices, and pollution, and for 

reporting this and appropriate related inforuatimn to the pW)pI of 

t4, United States: ana, 

WHEREAS4 the e artment of Comwco, through the National 

Oeanic and Atmospho-ic Ao nstration. has rtSponsibility within 

the fedoral vetr~! for the Ionilorimg and repo~ting of weather 

COflditio, ttle fo-ecastin1g of weather, the lssuance of t aoriand
 

w im "aS~e
Other ieet e ,,'f1ifgt, #d t*R ollertion , Inatlon 

of 19100$1 Wet'' lntt'(jt-,* thp utto4Lstjro Of MterologICal
 

Vi C1a46miogical Into"4Iei, ari, 

WOEACi~j , the ba, e4 of the Infterior is on# of the principal 

O 4c1i#t of tht It-avfal 9oytrni fe*1P ilt foof the managemt Of 

Wil wlfi#"tht fed-rol 90aM~l# thr PY01f 4iminstion 

a"b s41c 6f 14e'#ed~ V 'th srj4q *at# and NASA 
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WHEREAS, the National Aeronautics and Space Administration has 

u'elponslbility within the Federal government for the preservation of 

the role of the United State% aS a leader in aeronmutical and space 

science anj tectinology and fow aevelopng techniqves to apply this 

technology ani for collaurating it the trAniter of thJi ability 

in thq Conouvu of peaCqfVl a4Cijejtie; #nao
 

WHEREAS. the DOprta et of Stote. through the Agency for Inte'

national Developent4 has responsibility within the Federal govern. 

Rent for AsSISting developing nations of the world in establishing 

njtgr4l resources Information $IMs ano for transferring related 

tchnology. 

NOW, THEREFRE, thes agencies enter into this agreement to 

coo#perte in %he application Of aerolpice and related technology for 

agricultural resources maIIge4pt. 

I. MLPOst 

The purpose of this grmeew.t is to provide 4 framoork for # 

SeVen yer program lncluding a sia year program Of rf$earCh. ftvflOp. 

Wot, and appliCtim of aerspace and rolated Itehn&olgy for 

agricultural reource: maoiagebehl Ieglnning in FY and Con'tinuC

tion of siting Cooperative eCtwtt In FY 79. Thi, progrtff will 

bWild 01n ex'oiot gaitwd through prior ro5tarChi, 8eVelOpM0-At. and 

testIng - both intra aM ndfter~gobfl 
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The primary goals of the joint effort are to determine the 

*etent to vAich aerospace remote sensing data can be used to improve 

the 	obj¢ctivit. tifmeliness, reliabili:. and adequacy of informa.
 

tion 	for mantgohont of agriCulturdl resourCes and to provide an input 

for ftur-t USA i-ioii--- rtgar i ; t r routine operational use of 

Satellite sensed data. Tnis program addresses the following infor. 

mation requirements identified by th Secrrtary of Agriculture; 

1. 	 early wsrning of cnnges affecting production trd quality of 

Co4l tiqsl0nd renewable resources; 

, 	 coaxodIty production forecasts; 

3. 	 land use classification and meairsmeWt; 

4. 	 rtntwable resources in*entory and asSSAet; 

5. 	 land productivity estimates; 

6. 	 conservation practices Assesment; and, 

7. 	 pollutin Otectton and impact evalotion. 

Specbficlly, this agreement provides a mechanism to focus 

research and dovelopaqt and operstional ctivitiets of supporting 

OlCnC40 On the wOntitd roqulrtets of USDA! establi hos a 
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management structure which will ensure maximum utility of agency 

resources allotted to the joint program and coordination of related 

research and development and operational activities of the partici

pating agencies, identifies the roles and responsibilities of 

pdftiCipatihg agencies, and provides the framework for preparation 

and approval of a detailed plan for the program.
 

I1. REFERENCES AND AUTHORITIES 

USDA enters into this egrleemnt pursuant to the authority 

"e5 d in it by 7 USC 22O1; USDC enters into this agreement pursuant 

to the Aiwthority vested in it by 15 USC 313; USDI enters into this 

agreetvent purs.,4nt tc the Authority v sted in it by 31 USC (16 ALI*; 

lASA enter. Into thii 4gveefc~ pqrsuant to the authority vested in 

itby 4 U4 .?473 (01 *nd, A: enter& into this agreement pursuant to 

thWho st in itby ZZ USC 2392.-d 


IV. ,OCITI,,To' 

Uter Aq~ncles - USDA and AID, and USDI Supporting Ageines 

USOC, NA A. uISD 

A. USDA
 

1. A& l"d qecy, dtine lnfoetion requrments and 
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priorities for USDA programs; and,
 

2. cooperatively plan, with other agencies, research, develop

ment, and technology programs addressing USDA requirements;
 

and,
 

3. participate inresearch and development of techniques for
 

analysis and interpretation of remotely sensed data; and,
 

4. develop capability and plans for large-scale tests and
 

evaluate technology and procedures which emerge from the
 

research program; and,
 

5. integrate new aerospace data and techniques which meet 

their needs and are cost effective into operational global
 

early warning and commodity production forecasting systems.
 

B. USDC
 

1. Collect, validate, analyze, and disseminate environmental
 

data of NOAA which are required by the joi9t program; and,
 

2. provide general and specialized environmental forecasts as
 

required; and,
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3. develop, maintain, and disseminate climatic information as
 

required; and,
 

4. operate the environmental satellite system to provide data
 

and devPlop techniques for analysis and interpretation of
 

the data as agreed to inthe program plan; and,
 

5. work with USDA indetermining the basic environmental date
 

for current impact assessment; and,
 

6. cooperatively plan with other agencies, research, develop

ment, and technology programs that address their USDA
 

requirements and specifically establish joint activities
 

with USDA to develop quantitative crop yield/weather
 

mode)s.
 

C. USDI
 

1. Evaluate utility and applicability of research and develop

ment products from this program to USOI missions; and
 

2. disseminate preprocessed Landsat and certain aircraft data 

to agreed upon requirements of timeliness and format 

necessary to support the research, development, and 

application activities carried out under this joint pro

gram. 
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0. NASA 

1. Assume lead insupporting research activities that lead to
 

advance techniques for analysis and interpretation of aero

space remotely sensed data; and,
 

2. Assumes lead in research, development, and pilot test of
 

foreign commodity production forecasting techniques.
 

3. cooperatively plan, with other agencies research, develop

ment, and technology programs that address user agency
 

requirements; and,
 

4. collect and provide preprocessed data from NASA satellites
 

and aircraft necessary to support research, development,
 

and applications activities carried out under this joint
 

program; and,
 

5. develop requirements for new sensors and research systems.
 

,. AID
 

1. evaluate utility and applicability of research and develop

ment products to their programs.
 



VI. MANAGEMENT
 

A. Program Review and Policy Guidance Boa
 

The activities under this agreement shall be under the overall
 

policy guidance of appropriate policy-level officials from each
 

agency at the Assistant Secretary or equivalent level. This
 

group shall, at least semi-annually:
 

1. review program to assess progress; and,
 

2. assess need for change of emphasis or direction; and,
 

3. resolve issues brought forward from Interagency Coordinat

ing Cbmmittee
 

B. Interagency Coordinating Committee
 

This Committee, chaired by USDA, will be composed of one senior
 

representative from each agency, and operating within the
 

overall policy guidelines, will meet at least quarterly to:
 

1. approve program objectives and establish priorities;
 

2. approve the detailed joint program plans and schedules and
 

changes thereto;
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3. assess progress, identify problems and develop corrective
 

actions,
 

4. coordinate the use of resources assigned to the joint
 

program; and
 

5. approve all press releases concerning this program.
 

C. Joint Program Management Team
 

The Program Management Team, led by USDA consisting of members
 

from each participating agency, and operating within guidelines
 

established by the Interagency Coordinating Committee, will be
 

responsible for:
 

1. preparation of the detailed program plan; and,
 

2. management of the program to meet the objectives within the
 

schedules and funding constraints.
 

VII. JOINT PROGRAM PLAN 

The joint program plan wil be the controlling document for the
 

program and will contain the program objectives, the detailed
 

responsib1lities of each agency toward meeting these objectives for
 

program elements, expected accomplishments, schedules, and
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resources. This document will be controlled by Interagency
 

Coordinating Committee and changes issued when approved.
 

VIII. RESOURCES
 

Each agency is expected to provide and manage their resources 

necessary to meet agreed upon commitments, subject to limitations 

imposed by appropriations.
 

IX. PUBLIC AFFAIRS/PRESS LIAISON 

Press releases shall be released simultaneously by all agencies
 

or with concurrence by the others when a release isby one agency.
 

X. AMENDMENTS AND REVIEW 

This agreement may be amended at any time by the mutual agree

ment of the Program Review and Policy Guidance Board. This agreement
 

will be reviewed periodically, by all participating agencies, but
 

not less than annually. Each agency agrees that prior to major
 

changes in policy, budgets, or procedural practice& in the agency,
 

they will communicate this information immediately to the other 

agencies.
 

XI. EFFECTIVE DATE, DURATION. AND TERMINATION
 

This agreement will remain ineffect from the date of the list 
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signature to this agreement until its termination on September 30,
 

1985. An Agency can withdraw from this program upon 90 days written
 

notice. This program issubject to mutual termination at any time.
 

XII. OTHER PROVISIONS
 

Nothing herein intended to conflict with current directives of
 

any agency which isa party to this agreement. However, should any
 

of the terms of this Agreement be found to be inconsistent with
 

future Agreements or Directives, the provisions of this Agreement
 

shall govern until such inconsistency is resolved. This Agreement
 

shall be modified, as necessary, to be consistent with changes inLaw
 

or Executive Orders.
 

USDA
 

NAME:
 

TITLE: DATE:
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NOM 

NAME: 

TITLE: DATE: 

USDI 

NAME: 

TITLE: DATE: 

NASA 

NAME: 

TITLE: DATE: 

AID 

NAME: 

TITLE: DATE 



DEPARTMENT OF AGRICULTURE 

orr'cC OF THC 5ACRTARY 

WASHINGTON, D. C. 20;50 

Sept. .2 7 1978 

Honorable James T. McIntyre, Jr.
 
Director, Office of Management and Budget
 
Executive Office of the President
 
Washington, D. C. 20503
 

Dear Mr. McIntyre:
 

The need for improved world-wide information on prospective crop
 
production that impacts trade in commodities, development and
 
administration of domestic farm programs, management of food re
serves and effective use of natural resources has been dramatized
 
on several occasions in the 1970's. Two of the most recent
 
examples are the reduced 1977 Soviet Union wheat crop and the 
short 1978 Brazilian soybean crop that were not identified until
 
a significant portion of the U.S. crop had been sold by farmers. 
I feel that the us, of aerospace technology provides a possible 
avenue, with significant potential, for better satisfying such
 
USDA information requirements.
 

We have just completed several years' cooperative research with
 
DOC and NASA on forecasting wheat production in several major 
producing countries using aerospace technology. Enclosed are USDA 
and NASA documents that' (1) discuss the essence of the LACIE 
project, (2) p-rovide comparison data for LACIE and official USDA
 
forecasts, (3) identify key technical and operational problems,
 
and (4) indicote the direction for future work to capitalize on 
the LACIE expcrience. 

The Secretaries of Agriculture, Commerce, And Interior and the 
Administratort; of the Agency for International Development arid the 
National Aeronautics and Space Administration met recently to di
cuss the development of a long ranne multi-aqency proqram of con
tinuing and new r(esearch, dcvelopment and application of aerospace 
technology for ,satisfying USDA and other cooperatinq agencies' 
information requirements. There wau unanimous agreement that a 
re@ponsive proiran can and sould be doveloped. Further, tho 
potential economic impact-- of inadvquate information are uo great 
that this ef fort .hould bo undertakeii denpite I'Y '80 budget 
oonstraint s.
 

The technical ctnffn of ach agoncy have devoted conm&durable 
effort to the dovelopmerit of a joint Integrated multi-year program 

for broad application of this technology in agriculture, building 
on previous wxporienco and results. 



Honorable James T. McIntyre, Jr. - 2 

My associates from the cooperating agencies and I have reviewed a
 
proposed joint piogram and feel the modest funding increases for
 
ihe purposes outlined in the lead sentence merit inclusion in the 

FY '80 budget. 

These efforts are truly inteiagency in nature, and hence should be
 

reviewed and analyzed as a single program. The role each agency
 

will assume in this joint program is reflected in its individual
 

FY '80 budget submission. We will appreciate your arranging for
 

our staffs to conduct a joint briefing for the OMB Budget Examiners
 

for thes;e agencies. This would enable us to cover the entire 

program with a single briefing and provide the eximiners with a 

m Qnmplete understanding of the total program. 

Sincerezc
 

BOB LU ULN1) F,,1ROBERT A. FROS U 
Secretary of Agriculture Administrat./or NASA 

KRP A.NDRUSJUANITA M. CLD 

Secretary of Commcrce Secretary of Interior
 

itrat' AID
 

Enclosures 



ANNEX 3
 

EXECUTIVE SUMMARY
 
JOINT PROGRAM FOR
 

APPLICATIONS OF
 

AEROSPACE TECHNOLOGY
 
IN AGRICULTURE
 

USDA-USDC-USDI-NASA-AID
 
SEPTEMBER 29, 1978
 

RECIPIENTS OF THIS REPORT ARE REMINDED 
THAT FY 1980 BUDGET ESTIMATES AND RECOMMENDATIONS 

CONTAINED HEREIN 'RE ADMINISTRATIyVELY CONFIDENTIAL UNTIL MADE 
PUBLIC BY THE PRESIDENT IN ACCORDANCC WITH 

OFFICE OF MANAGEMENT AND rU0C#T CIRCULAR NO. A-10o 
AS REVISED 4OVLMBER 12, 1976. 



APPROVED BY:
 

W. E. Kibler
 
Deputy Administrator for Statistics
 
Economics, Statistics, and Cooperatives Service
 
U.S. Department of Agriculture
 

iWfIbur H. E!;kite, Jr. 
Policy ar. Plans, Oceans and Atmospheric Services
 
U.S. Department of Commerce - NOAA 

John M. DeNoyer, Ph.D.
 
Director, Earth Resources Observation Systems
 
U. S..Department of Interior - USGS
 

Pitt G. Thome
 
Director, Resource Observation Divilion
 
NASA Headquarters
 

Charles K. Paul, Ph.D. 
Manager, Remote Sensing Programs
 
Agency for International Development
 



SUMMARY
 

This document describes a six-year program of research, development,
 
and applications of aerospace remote sensing for agricultural resources
 
beginning in fiscal year 1980. The program is a cooperative effort of the
 
USDA, USDC, USDI, NASA, and AID.
 

The primary goal of the program is to determine the extent to which
 
aerospace remote sensing data can be used to improve the objectivity,
 
reliability, timeliness, and adequacy of USDA information for sup
port of national agriculture and trade policies. A secondary goal is to
 
integrate the resulting technology into .- in either existing or
outine use 

future USDA/USDI information systems. The overall approach is through a
 
balanced program of remote sensing research, development, and testing
 
which addresses domestic resource management as well as foreign commodity
 
production information needs.
 

The program specifically addresses seyen information requirements iden
tified in the USDA Secretary's Initiative' as follows:
 

1. early warning of changes affectifig production and quality of
 
commodities and renewable resources;
 

2. commodity production forecasts;
 

3. land use classification and measurement;
 

4. renewable resources inventory and assessment;
 

5. land productivity estimates;
 

6. conservation practices assessment; and,
 

7. pollution detection and impact evaluation.
 

While all seven are of major importance to the USDA, the first two
 
requirements. early warning and commodity production forecasting, have
 
been given the most emphasis because of the USDA's most immediate need
 
for better and more timely information on world crop conditions and ex
pected production.
 

The USDI has identified area- of common interest with those of USDA 
in land and water resources management and hat defined a co ,ietentary 
project to establish a national tacillty for the ulsse-lnatlon of Lanasat and 
aircraft data tO be cons Idered In the normal budget procet., 

This plan addrr%%ve the information requiremen , in three major disci
pline areas: Crops, kenewab~e Resources (prlmarily Forest Resources), 

and Land Use (including productivity, conservation, and pollution), The 
crop discipline is subdivided into an Early Warning/Crop Condition At%#%$. 
mint (EW/CCA) activity, a Commodity Production Forocasting activity and 

lJoint Program of Research and Development of Uses of Aerospace Technology 
ftrAgricultural Programs dated February 1978. 



Supporting Research activities. The EW/CCA addresses 19 crop/region com
binations in the U.S. and seven foreign countries (USSR, Argentina, Brazil,
 
Canada, People's Republic of China, Mexico, and Australia) for six major
 
commodities (wheat, barley, corn, soybeans, rice, and cotton). This function
 
will begin limited operations in fiscal year 1980, primarily with qualitative
 
assessments and will expand to provide operational capability and quantita
tive assessments by 1985.
 

The Commodity Production Forecasting activity addresses 12 crop/region
 
combinations in the U.S. and six foreign countries (USSR, India, Argentina,
 
Brazil, Canada, and Australia) for the same six commodities as EW/CCA.
 
Specific objectives of this program element are to improve the precision of
 
state end local acreage estimates in 10 states in the U.S. and to provide
 
operational capability for improved prodtction forecasts in the foreign areas.
 
A USDA investment decision is targeted for late fiscal year 1981, to insure
 
adequate time to acquire hardware, software, facilities, and personnel to
 
support the cumulative operational capablity by 1985.
 

The renewable resources inventory and assessment information requirement
 
has been addressed in three main categories; national inventory requirements
 
of the Resources Planning Act (RPA), stress/damage assessment techniques for
 
both man-made and natural disturbarces, and improved classification maps for
 
local planning units. Operational use of the Landsat multi-spectral scanner
 
is planned for 1983. and use of the higher resolution Thematic Mapper on
 
Landsat-D by 1985.
 

The emphasi in land use classification, productivity estimation, conser
vation practice assessment, and pollution monitoring is directed toward im
proved predictions and management models, change monitoring capability and
 
the establishment of common data bases for timely, periodic, and objective
 
updatinq of land use categories.
 

T,e ri-:Jry roles of acli departrient/agency are shown in figure 1. In the 
yield model development, each department/agency has a unique responsibility 
for lead developoent activities. The USDA will focus on the physiological 
models, NASA on the spectral inputs, and NOAA on the regresion-type models. 
USD1 wil' provide for the storagje, retrieval, and dissemination of Landsat 
data, 41D will evaluate utility an6 applicability of research and development 
products for AID programs. 
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The total program cost is estimated to be $332 million for a six-year
 
period. Of this amount, the USDA program will cost $134 million, the NOAA
 
cost is $21 million, and the NASA cost is $177 million. This option is
 
the lowest of three levels studied.
 

Funding by fiscal year for the total program is as follows:
 

80 81 82 83 84 85 Total 

NASA 20.1 33.0 36.5 37.8 37.4 12.6 177.4 

NOAA 3.3 3.6 3.6 3.7 3.6 3.3 21.1 

USDA 14.6 17.5 19.8 24.3 25.3 32.0 133.5 

Total 38.0 54.1 59.9 65.8 66.3 47.9 332.0 

NOTE: 

1. This program does not include cost for USDA capital investment
 
or operational costs. A decision to utilize the technology
 
operationally would be reflected in the FY 83 USDA budget.
 

2. All costs are in FY 80 $M. 



I. BACKGROUND
 

The USDA has been actively engaged in developing and using remote sensing
 
in support of major departmental missions since the 1940's. Until the past
 
decade remote sensing efforts largely involved use of aerial cameras mounted
 
in fixed-wing aircraft to obtain photographs of the country's land area. In
 
July 1972, the first Earth Resources Technology Satellites (ERTS), now called
 
Landsat-l, was successfully orbited, and remote sensing took a giant step for
ward. Since then it has been demonstrated that digital products, as well as
 
image products, derived from the data collected by the Multispectral Scanner
 
(MSS) on Landsat, through appropriate analysis techniques, can provide use
ful information to those engaged inmonitoring and planning the development
 
and conservation of the Earth's resources.
 

In 1974 NASA, NOAA, and USDA began the Large Area Crop Inventory Experi
ment (LACIE) to explore the value of Landsat remote sensing for estimating
 
production of an important world commodity, wheat. After conducting this
 
experiment over three crop seasons, the technology has been developed to the
 
point where a country level production estimate was made for the USSR and
 
regional production estimates were made for the U.S. Great Plains and Canada.
 
'-chnical problems in the project as originally planned made it impossible
 
to measure the statistical accuracy of the LACIE estimates in all countries
 
for several years. However, results show LACIE estimates at harvest for the
 
USSR and winter wheat in the U.S. Great Plains were within the stated accuracy
 
goal. Estimates for the spring wheat crop in the U.S. and Canada were not
 
within the stated accuracy goal. More important than the actual estimates
 
produced by LACIE is the'experience base developed in this experiment, and
 
a better understanding of the complexities involved in crop production fore
casting and estimation. LACIE has clearly demonstrated the need for well
designed sampling strategies, including adequate sampling frames, also the
 
need to design experiments which will provide measures of all biases and
 
errors, both sampling and non-sampling, associated with crop production esti
mation. The need for more supporting basic research was identified in LACIE.
 

Following several years of a small-scale research effort, in 1977, the
 
Statistical Reporting Service (now part of the Economics, Statistics, and
 
Cooperatives Service of USDA) completed an experiment for using Landsat
 
digital data to improve crop acreage estimates for all major spring planted
 
crops in Illinois. This experiment used the large-scale coverage (census)
 
provided by Landsat in combination with a ground-based probability sample
 
to produce estimates of crop acreage and land use at the county, multi-county,
 
crop reporting district, and state levels. This experiment using full
 
frame classification combined with ground data collected from a probability
 
sample, demonstrated the usefulness of remote sensing data for estimating
 
domestic crop acreages and for supporting land use estimation activities.
 

These two experiments (LACIE and Illinois Crop Acreage Experiment) have
 
provided ample evidence to support additional exploration of the possibili
ties for extending applications of remote sensing to other domestic uses, as
 
well as additional crops in other countries. The USDA, along with USDI and
 
AID, as user agencies, agreed to generate requirements in these areas. This
 
led the Secretary of Agriculture to define seven information requirements
 
categories in priority order as listed in the Summary. Use of data from
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both Landsat and environmental satellites as input to Early Warning and
 
Commodity Production Forecasting has been implicit in the planning effort.
 

II. TECHNICAL APPROACH
 

The major elements of the joint plan, interms of product flow, are shown
 
infigure 2.
 

Figure 2
 

Program Structure
 

RESEARCH AND DEVELOPMENT
 

Exploratory Pilot I Large Scale Initial 
Experiments Experiments Application Operation 

Test
 

The Research and Development element isprimarily aimed at component
 

technology capability, including such components as:
 

- sampling frames/sampling strategies;
 

- classification procedures; 

- yield models/crop calendars;
 

- data base development; and, 

- supporting field research.
 

This plan assumes that multi-agency teams will be involved inthe
 
research and development of components. A pilot experiment may be performed
 
on either a major component, or a first integration of components into a
 
particular system. The Large Scale Application Test (LSAT) isthe responsi
bility of the user agency and will normally be performed in user facilities.
 
Basic system changes will not be made inthis element of the program, but if
 
major deficiencies are identified, they will be returned to the Research and
 
Development element for resolution.
 

The third element or step in the flow process isthe Initial Operations
 
(10). This isdefined as adaptation by the operational user of the techno
logy developed by research and development with operational modifications
 
from the LSAT.
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The flow of technology through these program elements isnot always
 
straightforward and variations will frequently occur. Also, the current
 
state of remote sensing technology clearly indicates that certain capabili
ties are ready for operations now, some are in a developmental stage for
 
pilot experiments, and some are in a research stage.
 

III. SCOPE
 

This program plan has been developed to address in some degree all of
 
the seven information requirements in the Secretary's Initiative document.
 
Because of the high priority assigned to Early Warning and Commodity
 
Production Forecasting approximately three-fourths of the planned work is
 
indirect support of these two requirements; however, itshould be noted
 
that a significant part of the effort identified under crops will be of
 
direct benefit insatisfying some of the other information requirements.
 
Figures 3and 4are indicative of how efforts designed to satisfy one infor
mation requirement flows into or provides partial solutions for other require
ments.
 

A. Crops
 

The two highest priority tasks inthe USDA initiative (and they are
 
all inter-related) are Early Warning of changes affecting commodity produc
tion and Commodity Production Forecasting. Developments inremote sensing
 
over the past five years indicate that environmental satellites and the
 
Landsat satellites cin effectively provide valuable early warning indica
tions and assessments. These methods are mostly qualitative, but can be
 
quite useful for Early Warning, say for triggering a more quantitative
 
evaluation. These capabilities, when combined with statistical sampling
 
methods, will provide a cost-effective means of meeting USDA operational
 
requirements for global food and fiber monitoring. These capabilities will
 
be of benefit not only inforeign areas, where accurate information isnot
 
available, but also in the U.S. at state, county, and crop reporting dis
trict levels.
 

Research, development, and testing for crops will be targeted on three
 
areas to: (1)develop methodology for monitoring crop conditions, especially
 
adverse or superior conditions, and to measure the ultimate effect of these
 
conditions on production; (2)deterTnine optimum (interms of resources
 
required ind accuracy or reliability of data) procedures for 6sing remote
 
sensing data to identify and measure area devoted to target crops; and
 
(3)develop yield models using as independent variables current and improved
 
weather data, the Landsat spectral channel values, and other data that can 
be measured by remote sensing (including both Landsat and environmental
 
satellite data).
 

1. Early Warning
 

The crops monitoring part of the planned joint program concentrates
 
on the urgent need for better and more timely information on world crop condi
tions and expected production. As a consequence of the natural phasing of
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the growing seasons of major crops ingeographical regions of importance in
 
the world, improved information on both potential production and factors
 
which affect production is required throughout nearly the entire calendar
 
year. Scope of the crops Early Warning/Crop Condition Assessment element
 
interms of countries/crops isshown infigure 5.
 

While only limited amounts of prior research have been focused on
 
"early warning," the program plan recognizes that some capability already
 
exists for producing useful early warning information. Examples of this
 
capability include:
 

- drought monitoring - Landsat and meteorological data;
 

- measurement of small grain winter kill;
 

- monitoring soil temperatures;
 

- yield models (wheat);
 

- crop calendars; and,
 

- vegetation - estimation of amount (biomass) and condition (stress).
 

Thus, the proposed early warning activities outlined in this plan will
 
build incrementally on existing capabilities. The early warning plan, while
 
identifying priority crops and countries for the purposes of constructing
 
data bases and yield models, has as its ultimate objective the development
 
of a global early warning commodity information system.
 

The Early Warning and Crop Condition Assessment function isshown
 
schematically in figure 6.
 

Early Warning/Crop Condition Assessment
 
(FY 80 $M)
 

80 81 .82 83 84 85 Total 

0.4 1.2 1.3 1.4 1.8 .6 #6.7
NASA 


NOAA 1.1 1.3 1.4 1.5 1.4 1.2 7.9
 

3.7 28.4
USDA 5.0 5.8 5.0 4.6 4.3 


7.7 7.5 7.5 5.5 43.0
Total 6.5 8.3 


2. Commodity Production Forecast
 

Building on the LACIE and other experience,the Commodity
 
Production Forecasting part of the plan emphasizes a broad-based research
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program addressing the following components:
 

- experiment design;
 

- sample frame construction/sampling strategy;
 

- exploratory classification experiments;
 

- yield model development;
 

- crop calendar development;
 

- exploratory experiments for improved production estimation;
 

- pilot experiments; and, 

- large scale application tests. 

Crops/countries to be included in this program are shown in figure 7 for the
 
funding level shown below.
 

Commodity Production Forecasting
 
(FY 80 $M)
 

80 81 82 83 84 85 Total 

NASA 7.3 14.2 15.6 16.6 20.0 4.8 78.5 

NOAA 1.9 1.9 2.0 2.0 2.0 1.9 11.7 

USDA 6.3 7.6 10.7 15.1 16.1 24.0 79.8 

Total 15.5 23.7 28.3 33.7 38.1 30.7 170.0
 

3. Supporting Research Activities
 

This element of the program contains the activities that are
 
common to Early Warning and Conodity Production Forecasting, including the
 
data bases, computer facilities, and supporting field research. Inaddition,
 
the research efforts in inforrmtion extraction procedures support renewable
 
resources, land use classification, and the other information requirements.
 

The experience gaired in the LACIE Thowed the need for a stable research 
effort in the university/Industry cormunity as well as the need for a strong 
field research effort. This bas.e 1provides the mechanism for solving the 
technical is-ues' that are known to result from the LACIE and other experience, 
and new issues that wlll be identifid in this new program. lht* sLpporting 
field research will provide ground truth for accuracy assessment, improved
 
understanding of basic radiation patterns of specific crops and their soils
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background, under normal and stressed conditions. Itwill assess what can
 
be done with existing sensor systems and what could be done with future
 
improved systems. Itwill contain a major effort to measure surface soil
 
moisture by remote sensing and develop root zone models for use in improved
 
yield estintion. The contribution of spectral information to yield estima
tion improvement will be assessed.
 

Figure 8 shows the elements of the supporting field research activity
 
and the overall approach. Funding by fiscal year isas follows:
 

Supporting Research Activities 
(FY 80 SM) 

80 81 82 D 84 85 Total 

NASA 8.3 12.6 15.3 16.2 13.3 6.0 71.7 

B. Renewable Resources
 

In the renewable resources area cooperative efforts are defined for
 
collecting forest and rangeland inventory and management data. These efforts
 
address national. regional, state, and local area needs and support major
 
legislative requirements including the Resource Planning Act of 1974 and
 
the Resource Conservation Act of 1977.
 

Work dealino with use of aerospace technology for renewable resources 
includes a series of research and development projects focused on three 
maJor areas: 

- detection, classification, and measurement of disturbances;
 

- classification and mensuration of forest and rangeland resources for 
s ll planning units; and, 

a regional and large area ronewable resources inventory and assessment.
 

For each of these r4jor areas the program will concentrat, on developing 
methods and proceduret for uig remote ensing data not only to provide 
applicable inventory inforriation but alsC to assitt in the day-to-day manage
ment activitile of the reocurce rraqer's), For ekample. application. of 

for dete t ident I fyI and exte'nt bothremote ten ting itiv, ) n(, . ea'srin of 
natural (drought, dit eate, intect'., etc.) and mr ..ide (clearcu'.t, controlled 
burns. etc. ) phenor ene art-expec ted to provide r4riagert, with infoat ion 
Upon which decitioit. can t- riade, 

The entire ret-watle redource-: effort will itvulve an irtrt;rat-d program 
of research, including studirt and evaluatiorn of e iitt inq and planned sen
sors. Recearch which can potentially ,esot needt inmore thari cne of the 
three broad rcnewable rosourcv areat has boon Identified, Alto. -e of 
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the research planned for crops (acreage estimation, soil moisture, vegetation
 
stress) and land use will be coordinated with the renewable rescurces
 
effort to avoid possible duplication and less than optimum use of available
 
resources.
 

Renewable Resources Activity
 
(FY 80 $M)
 

80 81 82 83 84 85 Total
 

NASA 1.6 2.2 1.8 1.6 1.1 .5 8.8
 

NOAA .03 .06 .03 .008 .008 .008 .1 

USDA .7 .9 .5 .8 .8 .9 4.6 

Total 2.3 3.2 2.3 2,4 1.9 1.4 13.5
 

C. Land Use
 

The land use program will develop, test, evaluate, and implement
 
an integrated satellite/ground data periodic monitoring capability for
 
classification and improved acreage measurement of major agricultural and
 
other land uses throughout the U.S.
 

Through 1984 such a capability will have been demonstrated and evaluated
 
in12 states. Several USDA agencies have legislative mandates which require
 
information on land use inthe U.S. The land use information iscritical to
 
the estimation of agricultural production and the collateral determination
 
of production potential. Italso provides some of the base information
 
for determining conservation needs and requirements for future conservation
 
programs.
 

As the program develops, itwill consider the following key research
 
and development areas:
 

- improvement of land use classifications through multi-temporal
 
techniques;
 

- finding the optimum approach and system for change detection and
 
monitoring;
 

- finding the most effective means to perform large area classification,
 
considering sampling and wall-to-wall classifications; and,
 

- develop procedures and determine the utility of advanced satellite
 
systems (Landsat-D).
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The desired capability will include land use classification and measurement,
 
location and mapping of land uses, and change detection for periodic updates.
 
Land use information emphasized for this program will be cropland, forestland,
 
rangeland, urban, water, and others.
 

Methodology for using remote sensing to address land use questions is
 
intimately tied to crop acreage estimation, as well as some of the approaches
 
being developed for natural resource inventory and monitoring needs.
 
Figure 9 shows this connection, which will be fully exploited inthe domestic
 
land use and inventory program to minimize costs. This program will utilize
 
a basic technology foundation developed inthe crops program. Resource
 
requirements by fiscal year are:
 

Land Use Classification
 
IFY 80 $M)
 

80 81 82 83 84 85 Total
 

NASA .7 .4 .4 .2 0 0 1.7
 

USDA 1.0 1.4 1.9 2.1 2.6 2.4 11.4
 

Total 1.7 1.8 2.3 2.3 2.6 2.4 13.1
 

D. Pollution
 

The program for pollution isto develop, test, and evaluate a
 
capability to detect, identify, and map sources of pollutants related to
 
agricultural and forestry practices within the U.S. using an integrated
 
satellite/ground data system. This capability isessential to the control
 
and elimination of effects of pollution on production potential and on
 
natural resources. This isan important information requirement to the USDA
 
and will support several of the USDA agencies.
 

Through 1984 the program will consist predominantly of R&D activities
 
inwater and air pollution, including specific research on non-point sources
 
of pollution. Water pollution, both point and non-point, will' be associated
 
with run-off predictions and impacts. ly 1984 the capability to monitor
 
distribution, turbidity, and movement of water pollution (sediment) will be
 
demonstrated and evaluated invarious water bodies throughout the U.S. Other
 
promising remote sensing techniques from non-point, water, and air pollutant 
measurements will evolve and be ready for evaluation and testing. The key 
research and development areas include: 

- basic resedrch for development of in-situ sensors with associated
 
communications'
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- adapting pollution models, hydrologic and water quality models to 
accept remotely sensed data; 

- developing procedures for location and mapping of saline seeps,
 
saline soils, swamp areas, and high-erosive areas; and,
 

- developing techniques and sensor concepts to detect gaseous and
 
particulate air pollutants and their impacts.
 

Pollution
 
(FY 80 $M)
 

82 83 84 85 Total
80 81 


.8 .4 6.0
NASA .9 1.4 1.3 1.2 


NOAA .1 .1 .1 .1 .1 .1 .6
 

USDA .8 .8 .8 .7 .7 .4 4.2
 

.9 10.8
Total 1.8 2.3 2.2 2.0 1.6 


E. Conservation
 

The Conservation program will develop, test, and evaluate an
 
integrated satellite/aircraft/ground data capability to supply accurate
 
information on conservation practices and potential in the U.S. The ability
 
to monitor and assess the effects of conservation practices represents a
 
major information need required by several USDA agencies.
 

Conservation of both soil and water resources is addressed in the plan.
 
Water resources capabilities and procedures will be developed that use
 
remotely sensed data for measuring snow resources, soil moisture, assessing
 
water management prdctices, and application of hydrologic models. For
 
soils, the conservation program'will focus on developing the capability to
 
inventory conservation practices by remote sensing, and identify and measure
 
areas where conservation practices are needed.
 

Through 1984 a capability will be achieved for determining soil erosion
 
potential Inselected areas of the U.S. Although conservation ispredominantly
 
a Research and Development program, demonstrations and evaluations will take
 
place formore promising techniques, for example, monitoring snow resources
 
for input into hydrologic model predictions.
 

The key research and development areas within the Conservation program
 
include:
 

- soil moisture sensor development;
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- procedures development to determine snowpack characteristics such as 
snow depth, density, and water equivalent; 

- determining soil and spectral indicators from remote sensing techniques
 
for input to soil erosion models; and,
 

- optimizing procedures and developing analysis system for monitoring
 
change of conservation practices.
 

Resource requirements by fiscal year are as follows:
 

Conservation
 
(FY 80 $M)
 

80 81 82 83 84 85 Total
 

NASA .9 1.0 .8 .6 .4 .3 4.0
 

NOAA .2 .2 .1 .1 .1 .1 .8
 

USDA .8 1.0 .9 1.0 .8 .6 5.1
 

Total 1.9 2.2 1.8 1.7 1.3 1.0 9.9
 

IV. iukOAGEMENT AND ORGANIZATION 

The orginization and management philosophy reflected in this plan 
(figure 10)recognizes that each government agency involved enters into an
 
agreement to support the information requirements defined by the Secretary of
 
Agriculture. Each government agency budgets, manages, and maintains control
 
of resources necessary to meet its own responsibilities as defined inthe plan.
 
Three levels of management coordination are established for the conduct of the
 
joint program.
 

A. Program Review and Policy Guidance
 

The activities under this agreement shall be under the overall
 
policy guidance of appropriate policy-level officials from each Agency at
 
the Assistant Secretary or equivalent level and shall be jointly reviewed
 
at least annually.
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B. Interagency Coordinating Committee
 

This Committee will be composed of one senior representative
 

from each Agency, and operating within the overall policy guidelines,
 

will:
 

1. approve program objectives and establish priorities;
 

2. approve the detailed joint program plans anI schedules
 

and changes thereto:
 

3. coordinate the use of resources assigned to the joint
 

program; and,
 

4. approve all press releases.
 

C. Program Management Team
 

- Single program manager for each agency/department.
 

- USDA, NASA, NOAA, USDI.
 

- Each agency manager controls his agency's/department's efforts. 

- Manage overall program, including content, schedules, and budgets.
 

- Assure that research and development and test elements adequately 
support USDA requirements and priorities. 

- Request and review periodic update of user needs. 

- Resolve all issues among subordinate elements of the program. 

The agency pronr;m managers will neet monthly for working coordination
 
and management of the'r respective programs. These meetings Vill consist
 
of technical fnd management progress reviews, and change control boards.
 
Change controil decisions will be made by the program manager of the agency
 
whose project and resources are affected. Advice and recommendations will
 
be sought 'rom the other participating agency program managers.
 



ANNEX I 

The Status of Existing Global Crop Forecasting 

Bruce A.Scherr,a William E.Kiblerb andForrest G.Halfc 

INTRODUCTION 

The agricultural analyst of today has at his dis. 
posal an extremely broad range of agricultural data. 
Unfortunately, this same analyst does not have a 
storehouse of agricultural information. Data or ob-
servations of economic activity must be transformed 
into meaningful decision-related inputs before they 
can accurately be classified as informaticn. This 
paper will discuss the need for and the approach to 
improving one set of specific agricultural dati--crop 
production estimates. The agricultural comn inity is 
flooded with agreat number of crop estimates from 
all over the world, some of which are well founded 
and others very questionable. The nature of today's 
highly interrelated agricultural world has promoted 
an overemphasis on highly suspect data (i.e., 
U.S.S.R. crop estimates) as major market determi-
nants. The agricultural corlimunity must move 
toward the evolution of a fully integrated agricultural 
information system that includes crop production 
vtimates with continuous adjustments in these esti-
mates as a ke) component Existing crop inventory 
systems do not meet this goal, consequently, the 
redevelopment and the use of thee ystemns have 
been haphazard, and, more importantly. the) have 
served as major sources of misinformation for 
agricultural analysts 

A review of current crop invetiory systems re
quires astatement of their purposc and ' description 
of the analytic cnsir'nment in which they exist, The 
authors will assume that most agricultural decision 
needs can be cataloged under four main headings 
(I) market analysis and business decisions, 
(2) policymaking, (3) use and development of 
resources, and (4) itchnolog) m assessmCnt and 
development A number of countrym.pecific crop in-
veniory tystcms that are cutrcntl) in operation 

IDIst Rg¢b ur'tt ln,. t e~l5l M-Iflr 

bUS[)A Uoin, Mittii, &1 (w r 
Washintwn 1)C 

CNASA johnaon pw.enite, lfoution. 7eui 

around the world are described. It is clear from the 
discussion of these systems that agriculture has 
evolved into an interrelated world process and that 
the distinct and separate nature of the information 
systems is inadequate for decisionmaking purposes. 
Furthermore, world agriculture has become much 
more dependent on nonagricultural forces (i.e., eco. 
nomic, social, political) which influence the process 
of producing and distributing food and fiber. 

The mot pressing problem limiting the effective
ness of existing crop inventory systems is that these 
systems were evolved largely apart from an overall 
information system for world agriculture. Little at. 
tention ispaid to the crop production estimate as an 
integral component of the total agricultural economic 
situation or to the risks or opportunities that sur. 
round the estimate. Today's crop reporting systems 
are rightfully concerned with the accuracy of their 
estimaies but these systems should also be designed 
to describe the status of the crops The user of crop 
estimates, in most cases, is not so naive as to expect 
perfection in crop estimates but does require esti
mates based on sound assumptions accompanied by 
a description of the factors that generated the esti. 
mate. Moreover, the user desire%a tracking of the 
estimate to allow for continual reevaluation of re
lated decisions 

ANORMATIVE VIEW OF AGRICULTURAL 
INFORMATION SYSTEMS 

Information about the area, yield, and production 
of a particular agricultural commodity is used in a 
wide varety of ways in the context of business and 
market analysis, domintic and international a i. 
cultural policynaking, resource use and develop. 
ment, anti agricultutal technolog) Therefore, the 
crop inventor) system%described in this paper repre
sent an intelral component of the much larger infor. 

mation system required for agricultural deci ionmak. 
ing 

A brief account of the structure and dynamic 



nature of an effective information system is ap-
propriate, since this discussion is in essence the con-
ceptual foundation on which an operational system 
can be based (refs. I to 7). Clearly, the entire system 
is developed for the purpose of meeting well-defined 
decision needs. The decision needs are initially 
handled by developing a conceptual or working 
model. Conceptual work is followed by a process of 
data management, analysis, and exposition that pro-
vides the decisionmaker a series of alternative solu-
tions to the stated problem. The decision made 
becomes a critical element in the development of 
new or restated decision needs, and these needs serve 
as a catalyst for the data-reconfiguration, analytic, 
and report-writing activities. The process is shown 
schematically in figure 1 

CROP INVENTORY INFORMATION: 
HOW IS IT USEFUL? 

Decision Needs 

The purpose of the entire information system is 
derived from the decision needs generated by the full 
range of agricultural decisionmakers. In this section. 
a selected set of agricultural commodity informa-
tion-.area, yield, and production--as it relates to 
a broad range of agricultural decision areas is 
examined, 

AfaArf anulvii und twsinri t 'dni -The'ni infor, 
motional needs of the business and farm corn. 
munities cover a multitude of production, consump, 
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tion, distribution, aiid pricing problems. Regardless 
of the position of the decisionmaker in the vertical 
chain from the farm to the consumer, the informa. 
tion imparted to him by crop estimates is a starting 
point and not an end in itself. The impact of new. 
crop expectations is seen in inventory movements, 
demands, and, ultimately, prices. In short, the 
market is probably the most important information 
system serving the business and farm communities 
today, It would be a more efficient market if better, 
more timely, and more accurate information were 
available to all participants. 

Improved information about the magnitude and 
timing of production of major crops, on a worldwide 
basis, is an essential input to the agribusiness deci
sionmaker Agribusiness decisions include those re
lated to the supply of machinery, chemicals, fer
tilizer, and other products to the farmer. In addition, 
there are many decisions related to the distribution 
and assembl) of food products once the commodity 
leaves the farm (i.e., transporta,.i)n issues, purchas
ing issues, processing and packaging issues). Given 
the state of existing agrometeorologiLcal arts, an im. 
proved status and tracking system that brings timely 
and accurate crop production information to the 
decisionmaker isof great benefit 

'ome of the problems of timeliness of informa
tion and updating of obsolete information can be met 
b)the use of satellite-based remote-sensing and sup. 
porting crop inlormation data bases The continuous 
nature of the [andsat technolog) i, clcarl% a means 
of providinl routine monitoring of worldAide crop 
production lrurthcrmorc, L.andsat can provide infor. 
mation about major crop production in particular 
areas of the world whcrc the current infiastructure 
for crop incnior) assessment doe, not exist This 
paper deal%specLificall) with the use of Lrop area esti

mates as an input 'Ahich LAI) &%sit in formulating in
proived ne-A-L.iop xp ctation, arid ultinatel) in. 
pifod estimiatet(ifmarket ptlce movementi for 

(nLe itmustagrihuiness decisiofn agai1ii, be 
OIL*, I thit the Liop produLion detail is usefuldremphasited 

',-'. ::,,: z.i 

lwhwo qissameiF1GRl,,.- At,a tswo em, 

. .i'l arc & part oI a largerif the data dese¢loped 
anabl il neti%%o k, i c, is full integirated agriiultural 

Infor mat ion %%%trilJmi1h$gius1ines dk imoll must, 
ifnee-it. lonUs a,titInk that fclat" to thefirma' 

ptoflitahihi', i,riiefoc, stiiitnodiit production 
details miusit be itrnstaltd klrIl in to butinc r teinill', 
li satal costs tif plimluiionmh &% ait 

t+,h ~i mx -1 heoliL tedniakr i%lan ith the 
tlik of anlalstint fiegilatise sletrcitivs which have 
both Otwl, and Iong-tcrm impocti The use of an 
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agricultural information system is for "baseline" ment was made just before the November 15 
analysis of alternative initiatives, Further analysis deadline for a feed-grain set-aside program for 1978. 
follows the development of the baseline in analyzing The announcement served as an additional source of 
the risks and opportunities that could surround the uncertainty in the already uncertain policy situation 
baseline. The dynamic nature of the system isessen- which then prevailed through May of 1978. With bet
tial for the reconfigr -ition of farm and agricultural ter preharvest information on foreign crop outputs, 
trade policy as the world agricultural and general the domestic farm policymaker can judge the export 
economies change. drawdown of U.S. supplies and the overall supply 

The capability to monitor domestic crop produc- and use outlook for major crops. 
tion has become increasingly important to the U.S. Devtlopment and rse of resources.-The range of 
farm policymaker since the establishment of the problems relating commercial agricultural activity 
Government grain reserve. Under current law, wheat with land use, water resource development, environ. 
that was placed in the long-term reserve cannot be mental issues, and community development is wide. 
withdrawn until the market price at the farm reaches A dynamic agricultural information system enables 
140 percent of the established loan rate. When the the planner to evaluate more accurately the current 
market price is below 140 percent of the loan rate, economic impact of altervative initiatives, but, more 
the wheat must stay in the reserve, while the Federal importantly, a viable inf:ormation system allows a 
Government pays both the costs of storage and in- continuous monitoring of the results. 
terest charges for the farmer in addition to providing The informational requirements associated with 
the loan for cash-floss needs With market prices at this area are extremely broad. Land use classification 
140 percent of the loan rate, the Goernment will not and the changes in land use over aperiod of years, 
pay the costs of storage or the interest charges associ- the monitoring of water quality and availability, and 
ated with the loan Therefore, aconsiderable amount acatalog of alternative farming practices during par. 
of the wheat will be withdrawn from the reserve and ticular time periods are good examples of such 

placed on the effective market When market prices requirements 
at the farm are 175 percent of the loan rate, the !,chnoliog deielopment and assessment-The 

Government %ill recall the loan aid the entire analysis of technological issues for agricultural pro

reserve will be placed on the ellective market There duction and marketing requires a dynamic informs. 

are two major concerns associated with these tion system The continued reconfiguration and t:ch. 
Government inventor) movements (I)the place- nological changes associated with agricu'tural data 

ment of the added supply will depress market prices, and information must be evaluated as part of the 

and (2) the buffer against future shortages is oserall complex 
removed The .cretar) of Agriculture must deter. Some of the informational needs associated with 

mine b) August 15 of each crop )ear whether land agricultural technolog) r elate to the mechanization 

should be placed into an acreage set-aside program of planting. crop cultivation, and harvest The con. 

This decision obsiousl, establishes limits on the cern uoer poor weather conditions during the 1978 

Capacit) available for %heat production and on planting period led to much speculation about 

future wheat prii.se and must be based on the most reduced crop production, due to delays in planting 

up-to-date and ac.urate stimatr of the'suppl) ard progress ihere is c(ontradictofy information about 

use of wheat Ior the foliwibnk four calendar qua'ter tus hos, quickl the 11 S torn crop Lan be planted 

Clcarl), more and better dectison, related to trade 1 herefore, a mean%of contnualls nmonitoring plant. 

policy can tT made as irmproved assessments of ing prtogrs at as high a lrequrncs as p(ssiblc would 

worldwide crop produition bc4one asallahle In Cs- greAtl imrprovr market knovlcdge In fact, the cur. 

Kfncc. the implenier liion (of domestil pr(i.duc tion fentn swu tev ukcd to determinemethod pla,,tin 

policies (I C pi.C acrCage pfogfarn%, fatilt could not lulls ci.ount for plantigs in ION as of the 
, %uppt'ts,. 

credit) can be fineUned on the basis of nipriisd June .Y1 deadline, sinc plantingi ngogic%% during the 

prflod *as lag ing and 1t1an% pIriklUci stillmonitoring if crop pft dul in in coonfi, ie suh as sumfs-e 

the U.S S R , the People's Republik of (hina, arnd had to f pornl with intentions 

Brazil The t S S R (is ember IY 'J announcenltn A nother tchnrological onsianon elatiet to the 
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example, since this information must be properly 
collected and disseminated to users in order to 
achieve the benefits of the high-frequency data, 

Model Speclfication and Data 
Collection and Processing 

The data processing capabilities of the system 
represent the "cement" that holds the various com. 
ponents together. A fully integrated complex of data 
collection, storage, and retrieval and analytic and 
report-writing tools is a necessary input to the effec-
tive maintenance and evolution of an information 
system. The timeliness and accessibility of the infor-
mation are extremely important. Even if the analyst 
clearly defined his needs, the mechanics of providing 
the decision inputs could block the success of the 
overall system In this section, some of the general 
issues associated with the processing of data and in-
formation are described. 

Once an understanding of the decision need is 
achieved, the process of specifying an analytic frame-
work is undertaken Either the specification of a 
mental model or the processing of a mathematical 
scheme is a means of organizing the cause and effect 
of the problem area The model specification activity 
is followed by data considerations The primary cri. 
terion for data collection is that the data be obtained 
with specific purposes in mind The discovery uf 
decision nced, and the development of analytic 
filters for use with the data are additional considera-
tions. Vested interests in certain historical data are 
difficult to break down, but the viabilty of the over-
all information system requircs that ,'ata collection 
and storage be constantl) reevaluated in terms of the 
benefits derived froni their use 

The storing of data i% a cotl) and time-conuming 
effort Thercforc, the tontinued storage of usele%& or 
obsolete data must bc as oided 'I ht capabilty to add 
new soures of data and to mmh old and ne, sources 
of data is essential to the storage prnLess In sh0ort, 
the vesited intcrets in aparticular set of data must be 
challenged in term% of the tenfiCts aid slts of the 
continued nainterian, (if thine data 

Another ipofrtarlt aI)CO of data ullc lion i the 
mechanical pit .c% tIhir ining the data into thee 
system Clcarl) a limlle and a L.uralr inflormaliorl 
system must use stattr-of-thr.art data (ulleftion and 
Storage pFreses. ' heC (01vCLti(on Of thC data anfnot 

be acconiplthhed proprcl) unless the means tf stor. 
Ing and updating the data meet the tine rc'usir. 

menu of the analyst and, more importantly, of the 
decisionmaker. 

Storage is the first element of an effective data 
reservoir. The capability to access the data easily 
allows the system to be exploited more fully. 
Therefore, well-documented and easy data retrieval 
is of the utmost importance. The retrieval mecha
nisms must be developed concurrently with the 
analytic tools to avoid wasteful data storage. 

In today's world of advancing analytical tech. 
niques, discussions concerning data manipulation 
often begin with models. The place to start is with 
data organization and the capability to exposit the in
formation available to the analyst and the decisitn
maker. The user must also have the capability to 
develop and reconfigure data displays, either 
graphically or in tabular form. Given a well-defined 
and well-documented data set, model building and 
statistical analysis can help the user derive further 
benefits from the system. The statistical and mathe. 
matical developments and outputs from the model. 
ing effort are a major input to the decision process, 
but these results are also useful as redevelopment 
feedback, both n terms of the overall data processing 
capabilities and in the discovery of new decision 
needs. 

The Decision 

The decision alternatives and the results of the 
ultimate decision are important not only intrinsically 
but also as a catalyst for the dynamic adjustment of 
the entire system The feedback based on the evalua. 
tion of the decision helps to determine new data 
needs, data collection that should be discontinued, 
and the need for new models or means of expositing 
the information It may well be that the decision 
results will focus on adifferent set of decision needs 
and the attendant changes in the data processing 
component of the system 

AREVIEW OF EXISTING 
CROP INVENTORY SYSTEMS 

ln fon at on about agricultural production is of 
the utimost inmportanme it all countries in conducting 
their dom"estiL and international affairs It isalso in. 
pof tant in managing natural resource and providing 
for humiian nutitionial ncd%b) improving allocation 
Of .he meant of food produwtion, processing, market. 
ing, and distribution 
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Some factors that must be considered in evaluat. 
Ing the strengths and weaknesses of agricultural 
information are objectivity, reliability, timeliness, 
adequacy__im terms-of coverage, efficienU_yanrc' 
tiy.snss.(ref. 5). Agricultural production statistics in 
man) very important agricultural countries will not 
meet any of these quality standards. In fact, several 
very important agricultural countries have no formal 
system for acquiring agricultural statistics. Fewer 
than 10 countricl have what can be classifd--ii-a 
relauvcly sophs.icatedq__sstem that provides rop 
,production estimat Lconsidered satisfactory for 
most of the characteristics listed. A much larger 
number of countries have what might be uesv.ibed as 
a system of medium complexitt that proviJes rei-
able annual production data for majoi crop.. Cistcio 
h.[Lthe countries of the world have either vqrj_5Im-
RIetor no-agricultural production estimrtes except 
those provided by a censu 6r-agri~ultl e conducted 
every 10_year-s (ref. 8. The United States, which re-
cently started issuing measures of precision for its 
domestic crop production forecasts, is the only coun. 
try that publishes information on survey meth. 
odology and reliability of estimates, The chief 
reasons for the absence of quality agricultural pro
duction statistics are (1) lack of funadsfor.su11=ng 
and tabulating data, (2) inadequate techinjciLapa-

bi: o-0rul'ate sttod ,arpLm nd s.ILa.U-ollec-

tion procedures, (3) absence of a suitable saming 
frime, and (4) difficult) in quantifying the bcncfits 
of improved infoLmralion The accurac) of the cur-

rent U.S. Department of Agriculture (USDA) 
forecasts of foreign commodity production and the 
USDA accurac goals for 1985 are given in table I 
For exAmple, in the L! SS R ,at-harvest estimates are 
of 65190 accura) This means that in only 65 percent 
of the years will the USDA at-harvest estimate be 
within :t 1( percent of the final U S S R estimate 

Note that the most aci.curate system is in the United 
Stales 

The following arc brief dcscriptions of seseral na
tional agricultural statittical systems that %ar) in 

quality, 

The Central Statistical Administration (CSA) is 
reponsible for all statitical work in the US S R The 
C5A hoa the istat of a minstr in the U S S 
government It includes central %tatsttical odminit 

IMtlOtt In Cach of the union rcpublhcs and obhaotl as 

well as statistical inspectorates in each railon. The 
U.S.S.R. statistical organization is responsible for col
lecting, processing, and publishing data. Man) data 
collected are not published but are made available to 
the various administrative, planning, and economic 
organizations of the government. 

Statistical work is centrally planned. The charac
teristics of the U.S.S.R. statistical system parallel 
those of an accounting or inventory recordkeeping 
operation and include little or no statistical sampling 
and estimation Rccordkceping at the farm level is 
designed to provide the data icquired by CSA, with 
each collective or state farm having a bookkeeping 
unit to provide basic data With roughly 50 () col
lective and state farms reporting through the raion. 
oblast-republic chain, each administrative unit con
tains 1. to 20 subordinate units The system includes 
built-in checks b. inspectors on the validity of data 
and severt penalties for falsification of records It 
also provides a timely way of aggregating data 
through the various administrative levels Sampling 
is used only to provide data on food consumption 
and private-plot crop and livestock production 

The system prosides a 'arge volume of data at 
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varioux intervals throughout the year. Data on spring 
and fall seeding, plowing, and harvest progress are 
submitted weekly Spring seeding progress reports 
are made from April I to June 15 and reports on har. 
vesting progress are made from July I to October 1. 
A special report on area sown to crops, which is pre-
pared following spring seeding, contains more 
detailed data than do the weekly progress reports. 
Compilation of the crop area and production data is 

October, when each manager states the use made of 
the cultivated land on his farm. The major problem 
apparent from the description of this system isthat 
there is little or no survey of yield, which is derived 
after the fact from area and production data. Further. 
more, there isacomplete lack of harvested area data. 
As a result, hectarage data appear to be rather con
stant from year to year, whereas production varies 
widely. 

completed during the second half of October ai,t: An additional consideration concerning U.S.S.R. 
publicl) announced shortl. thereafter Special su-
veys on grain production at other times during the 
growing season can be developed it authoried by the 
CSA 

The estimates of U S S R crop production have 
been extremcl important in international grain 
markets since the large and unexpected U.S S R 
purchacs of 1: .S grain in 1Q2 Market analystis have 
speculated about both the objectivity and the 
relikbilit. ol the U SS crop projections aid it 
seems proper in thi%paper to desote added attention 
to the U S S R sstem An anral %is of the L' S S R 

purchases of V) S%hcat and corn sin ce 1972 would 

indicate thai their ultimate deciion to bus is dela ed 
until there is rasonabls lear evidence that their 
domestic supph will not be adequate to meet their 
demand in the coming se'ar It would appear that 
US S R trding acting marnot be a%%,cll inlormed 
as purported b) most tV S arAl sts who in somc 

case% place an inordinate degre t importance on 
diia about which er% little is known ' he smoother 

!djustients of the U 5 -. S K grain trade aivee-

ment of 147t, offer further rs aden." of this Cagger-

ated L S response to eaflicr I' S.S P tov estinate 

Gien this, one might onLI.ludC that the defgte It 

which the 1: S S R "po liIi ilr its ntimate% for 

1POifClc market purposcs is o,¢ ritalrd 

No quantitatl' tdata are a-ailable releadling the 

relisbilit) and a6 ur& of the t' %S R rop rati-

mates lowresf, as %% %talted crlier, this is lattle) 

the case flomost tountin ciirs pi the Iinited States 

Thereflre, the follo int oninricnts ale based on 
#nal)hles of the V S %R agriuliulal repofting ioltcm 

lei Q) 

T"ite ratio icaf, the t' % % Hmkesmk a k olmpleit 

inventor) if Ihe ur o f all ultiAtrd land on eeah 

cOllcillae id state farI 11he filst in ,nthlr) It ici 

&nCe, a tstteen tofil moin tionlnt s eiicah farim 

manager artais the question. -As of June V1, *hat 

use i lua plan to maic of the .ulti s tctl Ind on 

aicour faim , Ihihneit surse) i (lot takiLti ut ilate 

ctop data is that the U.S.S.R. teporL, yield and pfo
duction in terms of bunker weight, which can be as 
much as 15 percent greater than barn weight (grain 
weight after cleaning and drying to a standard 
moisture content). Thus, in comparing U.S.S.R and 
L.S crop production figures, there is an important 
difference in grain qualit resulting from differences 
in trash and moisture content (ref 10) 

Currently, the U.S.SR crop inventory system 
does not make use of advanced data processing tech. 
nolog Some research is being conducted to develop 
techniques for making quantitatle crop forecasts 

during the gr1o0ing season, but, to lide, the system 
relies on manual compilation of data This might im
p1% a rather limited objeclie in terms of the detail to 
be pubhil pro%ided about U S S R crop production 
('Icearl,. the publication of a final yearend report of 
Area sown and uop production can be handled in this 
fashion, but, if more timcl% and detailed data were to 

be prto ided. illee would be a need fot improved data 
proLe.sing kapabilities. I-urthermore, it is not known 

to Ahat extent the I S S R crop inventor) data are 

anAl)JCd in more depth 1tho1ut public rcleasc of the 

results 

In prosiding crop insentors data. the I %S R 

,)s,tri has a series oif objktis c% to meet which are 

dittn tl%different Irom thosc in thei nited States 

1 heir pro)eltion%are riot intended to% upport a broad 

range of pnisate and pubth intrit% !or example, 

thev do,noti ubltish a rport of the total Lountr) .leel 

produm lion of a crop until after' harvet (about 

.%osembei It It is rf) lIkl) that the) kompile 
thric iata &%part of ithe pr-har ssi prresiti reporli 

but %imph find it in their tnational intrct not to 

release the data pubhl) until later In nri ,c the 

Mont important liitiin ion to 1W "indr betwc-en 

t' .S H atd U % uLop rtporiting iktlrnt is a Ocarb 

las Oncs tani lldtparatr sti of ujb, )cI ttltc the 

t' S S k %) iti flotnot m ting U % data needs, but 

it itdfliault to ltint that their own internal infmma. 

ion is i1atxdcuat
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United States 

The U.S. Department of Agriculture collects infor. 
mation on the production and supply of crops on a 
worldwide basis and publishes regular crop reports 
on domestic and foreign crop production. USDA ac-
tivities include data collection, tabulation, and sum- 
marization, data analysis and publication of produc-
tion forecasts during the growing season- and esti-
mates after harvest, 

Foreign crop production cstimat atre prcpatcd 
and published quarterly by the Foreign Agricultural 
Service. The Foreign Commodity Analysis Office 
has primary responsibility for preparing production 
estimates of wheat and other grain crops for all major 
crop-producing countries Commodity analysts 
receive information on crops from several sources. 
_!ricultur , ns, 

commodity periodicals, Reutcrs comodity rcpaoLs, 
lheComhno t, tradC loreign newspapers, and .ihe 
wire-seis -Commodity analysts base their crop 
production estimates on information provided by 
these sources TheN depend primi~rily on the at-
taches' scheduled reports, prepared quarterl) and 
developed from information obtained from foreign 
governments and trade contacts Analysis is also 
based on an attache's own obsersations, information 
from grain importers, grain processors, and Larm 
organizations, and ,arious published reports avail-
able in the countr) The World |'(ood and 
Agricultural 01ulok and Situation Board resiews 
And approves all estimates of production, dispos:. 
tion, and trade 

The major konsrraints- ithin thc foreign crop 

estimating protces' are I I the qualit) of the data 
received for ana t)s, (2) the time re-quired to LoI161, 

feceive, reSie%, and report, and (.) the limited ap-

plcatlion of data pr(essing to the trop ctiriting 

process 
The eiting %) terli for kollcLting, maitai ning, 

and anal:in(11 data io CslfllatC foreign crop 1r(oduc-

lion could be improsed signifikantlb b exploiting 

Advanced data gathering te. hniquem and b% apih ing 

moreadvaned dAta ltke%%ig teh,.tniqu - lripr)vr-

miltl of data pfr "inig iet hniqu% * ill require the 

dtvei!pient of an integicirten crlp rfdu tiofr itifor. 

Motion systeni 
.The USDA I onornu,6,. StattiLs. And ( pa~lfi 

limVP ser .LC (I SCS is remponsihle for ckllecting. 

muntainng, and anal)ing data and reportino crop 
prod ction ritialre' 'ithiri the I;nild State% I) 

regulation, ESCS is required to prepare and issue offi. 
ciAl state and national estimates and USDA reports 
relating to crop production, livestock and livestock 
products, stocks of agricultural commodities, local 
market prices, value of farm products, and other sub
jects. Crop reports prepared by ESCS include esti. 
mates of the acreage farmers intend !o plant, acres 
planted and harvested, production, disposition of 
crops, and crop stock I-vels, both on and off the 
farm. 

The preparation of crop production estimates by 
ESCS requires that various types of information be 
collected and analyzed. This information is usually 
collected at the state level through the ESCS stete 
statistical offices by a variety of methods, including 
both nonprobability and probability surveys, field 
observations, and personal interviews. The data then 
are processed, reviewed, and summarized by the 
state officc and forwarded to Washington, D.C. The 
summarized data are received by the Surve) Division 
of ESCS for further processing and distribution 
to the appropriate offices within the Fstimates 
Division 

Nonprobability surveys are currently limited to 
mail surveys, in which questionnaires are sent to 
farmers asking for specific information about their 
agricultural activities. Today, mail surveys also sup
plement probablity surveys Probability surveys. 
first initiated by ESCS in 1954, include both 
enumeratliVe and ob)ective yield surveys Probability 
sampling techniques used include the area frame, list 
frame, and multiple frame samples, depending on 
the type of crop or other agricultural product being 
surveyed 

If the incoming state information concerns a com. 
modity defined b) la as speculatise, the inlorrna. 
lion is handled ac.cording to special securit) pro

ccdurrs and i% debsered to the Crop Reporting 

Board, Lonsisting of a Lhairman, other appointed 
mnctibers selecied for their specialited knoAledge of 

a particulir crop, and indi ,iduals from the field and 

Washington, ) C , staffs who anal)e the data and 

prepare the oflicial production timate This crop 

reporting process take% pl.AC in hat is termed a 

"lIck.up," '^hrrein the (Orop Reporting Board and 

other support peiseonriel are rirNitrted fron outside 

Loftact until the cr 'p fepor i has ben releasled 

-The I .(*S crop reporting ettimates are aiLcufate, 

reliable, And impartial AheI COMpa'ed to those In 

most foreaii kountriet-, liased oin these l.SCS esti
mates., (ar neft, butinessmen, and the V S Govern. 
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ment make decisions each year that can involve 
billions of dollars. Constraints within the ESCS crop 
reporting process present less of a problem than 
those within the USDA foreign crop estimating 
process. 


The ESCS Survey Division currently maintains 
production estimates for most commodities from the 
1800's to 1959 and area, yield, and production esti-
mates from 1964 to the present time. The more re-
cent data on area, yield, and production include all 
reported commodities; however, only the official 
final estimate for the year is available. In addition to 
this limited data base, data input from some state of-
fices is constrained by mail delivery. However, 48 
states can now enter data using the Infonet system or 
transmit the data using teletype or facsimile. 

At this time, a development effort is underway 
within ESCS to create a data system that will elimi-
nate these data handling constraints. The new ESCS 
data system will be composed of various subsystems 
related to ESCS functional areas. The crop sub-
system will include an official-estimate data base that 
will contain estimates made by the Crop Reporting 
Board at each scheduled report date. It is also antici- 
pated that state estimates will be entered directly as 
recommendations, by way of telecommunications, 
and the data base will aid the Crop Reporting Board 
in its review process. Special computer security pro-
cedures and techniques also will be used extensively 
in this system. This development effort appears to be 
well planned and logically organized for supporting 
ESCS information and reporting needs. 

The limited use of meteorological data by ESCS in 
making current forecasts and estimates is a result of 
the ESCS reporting methods, which are designed to 
reflect the effects of weather on crop production to 
the date of the surve). Short-term and long-term 
weather forecasts have not been used because the) 
lack the precision needed to evaluate prospects at the 
state level. Objective yield models used by ESCS rely 
on actual measurements rather than on subjective 
appraisals of crop development, 

Canada 

Canada's statistical service i%organized on a high. 
ly centralized basis under Statistics Canada, formerly 
known as the Dominion Bureau of Statistics The 
agency is responsible for developing an integrated 
system of social and economic statitics pertaining to 
the whole of Canada and its provinces This prce. 

dure involves the collection, analysis, and publica
tion of regular statistical information on social, eco
nomic, and general activities. 

The Agriculture Division is responsible for the 
collection of farm-based agricultural data on a regular 
basis each year. Two methods of data collection are 
used: the mail questionnaire, because of its low cost, 
and the personal interview, because of improved 
responses. About 55 separate surveys are performed 
during the year. Most of these surveys are conducted 
by mail, with response being on a strictly voluntary 
basis for most crops. 

The major surveys are the semiannual June and 
December surveys designed to collect information 
on crop acreages and livestock numbers. Question. 
naires are mailed to all 350 000 farmers. About 15 to 
20 percent of the farmers respond. The information 
from these surveys is used in conjunction with 5-year 
census benchmark data to provide annual estimates. 

With rapid structural changes taking place in 
agriculture and the trend toward fewer and larger 
farm units, this method no longer meets the require
ments for reliable data collection. A nationwide an
nual survey covering a probability sample of about 
6500 farms has been tested experimentally for 
several years. It will ultimately become an integral 
part of the survey system, and, when the sample is 
expanded, it will provide data at the national level 
similar in quality to that provided by the 5-year cen
sus of agriculture. 

A sample of farmers is surveyed in March each 
year to estimate the acreage farmers intend to plant. 
The June survey collects actual plantings, Three 
times each year, a sample of 13 000 farms is con. 
tacted by mail and asked to report yield per acre for 
major crops. These surveys are conducted in mid. 
August, in mid-September, and after harvest. Some 
experimental work has been done with objective 
yield counts for potatoes and several fruit crops in an 
effort to overcome the subjective nature of forecasts 
made from the mail surve) Work is continuing in 
training enumerators, improving field instruction, 
and refining procedures for this work in an effort to 
resolve the diflerences that exist between objective 

i informationield data and census 
The census of agriculture is taken every 5 years 

for crop year% ending in I and (i It conist, of a per. 
sonal enumeration of every farm holding that is at 
least an acre in siue or has sales of $S5 or more It 
proside haski data on land use, crop acreage, 
lves}tock number, and sale,. (f farm products A 
qualit check survey of about 15 (O farms is done 
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several weeks after completion of the census inter-
views. This survey provides information on the 
quality of the census data and its data collection pro-
cedures. The presence of this accurate 5-year 
benchmark strengthens the capability of the mail 
survey to provide satisfactory current statistics. The 
Special Surveys Division, through its regional offices, 
is responsible for collecting the data for many of the 
surveys. 


Australia 

The Australian Bureau of Census and Statistics is 
responsible for the collection, compilation, and 
publication of all official statistics, including those 
relating to agricultural industries. The basic frame-
work of the system is a nearly complete annual self-
enumeration agricultural census conducted in March 
of each year covering the 250 000 rural holdings. It 
covers about 500 individual items including land use, 
crop acreage and production, ciop varieties, and 
irrigation, 

Annual probability sample surveys are conducted 
at designated times throughout the growing season to 
obtain early estimates of acreage and production for 
major crops. Acreage data are collected at the end of 
the sowing period, and production data are obtaind 
during the harvest period. The annual census uses 
state registers and rural holdings for the distribution 
of forms and the collection of completed forms. 
Comprehensive coverage is checked through govern-
mental authorities and departments and through 
marketing boards to ensure that the registries are 
complete. The returns are edited, tabulated, and 
published about 12 months after collection. Post-
enumeration surveys arc used to check the accuracy 
of reporting and to improve the design of the forms 

The complete census is possible because the num. 
ber of rural holding%is small and their average size 
large. Thii characteristic limit%the time and expense 
required for colection and processing The register is 
kept current and provides a very suitable sampling 
frame for the annual sample surveys of crop produc-
tion and other rural development statistics 

The system ha.s some nice advantages &sthecen. 
sus provides an annual ben hniark for both efficient 
sampling and current estimation of the ptoduction of 
major crop% Quality (heck% of surve) procedures are 
performed routine L to ensure reliability and ohjr, 
tivity, Statistics are collected under the Common. 
walth Census and Statistics Act, which requires that 

questionnaires be returned within a specified period 
and provides for the confidentiality of individual 
reports. 

Brazil 

Th- Brazilian Institute of Geography and 
Statistics in the Ministry of Planning is responsible 
for statistical programs. Statistics on crop acreages 
and yields have been collected through municipio 
agents in each of the 4000 municipios for about 30 
years. At about 3-month intervals (April 1, July 1, 
September 1, and January 1), each municipio agent 
completes questionnaires on temporary and perma. 
nent crops. 

The first part of each questionnaire deals with 
crops harvested during the previous 3 months and 
the second part with crops still in cultivation. The 
agent reports area harvested, yield, production, price, 
area planted during the quarter, expected yield, stage 
of growth, and month of sowing. Agents are in
structed to consult with knowledgeable people in the 
municipio before completing the questionnaire. Two 
copies of the questionnaire are completed, one being 
sent to the state government and the other to the 
federal government. 

A number of problems arise with this statistical 
system. No rigorous control is maintained over re
spondents, and the survey process is time consuming 
and incomplete. Often, statistics developed at the 
feucral level are different from those published by 
the state governments and the two are never recon. 
ciled. Little or no systematic work has been done to 
evaluate the ability of agents to report accurately. 

Some preliminary work has been done in trying to 
forecast yields. Statistically, Brazil is divided into 
three major regions, and two forecasts--at the time 
of sowing and at harvest--are issued for each. A 
probability sample of 1000 municipios is selected 
with probability proportional to size for all crops. 
Forecasts are collected on' the basis of group inter
views with knowledgeable people at the municipio 
headquarters Again, wide differences between data 
obtained in this survey and from the municipio agent 
exist, but no attempts have been made to reconcile 
these 

Some attempts have been made to collect 
agricultural statistics from a probability sample of 
producers The State t0epartment of Alriculture in 
SAt) Paulo hatdevclopeu it,own modern and effec. 
tive system of collecting current agricultural statis. 
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tics. Sampling frames similar to those in the United 
States have been used, with the data being collected 
by interviewing producers. These data are used to 
prepare state estimates but are not used to establish 
national totals. The last benchmark census data 
available were obtained in 1960. 

Sweden 

The National Central Bureau of Statistics (SCB) is 
the central administrative agency for official sta
tistics in Sweden. In agricultural statistics work, the 
SCB collaborates closely with the National Board of 
Agriculture and the National Agricultural Marketing 
Board. The agricultural data system is built around 
the farm register system and has three principal corn-
ponents: current agricultural statistical activities, 
agricultural censuses, and special statistics surveys. 

The current agricultural statistics are composed of 
(1) data on units with agricultural operations, their 
size, commodities produced, and specialized 
agricultural items, provided through an annual 
survey by the farm register system of all holdings of 
2 hectares cr more; (2) data on the agricultural struc-
ture of units and their resources of land, machines, 
animals, labor force, etc., obtair'.d from the farm 
register; (3) data on crop area fo. 25 crops, available 
land, natural pastures, grass-sown land, and forest 
land, obtained from the register; (4) qualitative infor. 
mation on crop outlook and development of crops 
during the growing season, developed on the basis of 
three surveys made by the county agricultural 
boards, (5) quantitative data on probable crop yields, 
developed from objective surveys ihat cover the 9 
principal crops. (6) livestock statistics on numbers of 
livestock b, category, animal production, and milk 
production, obtained from a sample of 12 (X) register 
units, (7) data on agricultural requisites, such as the 
consumption of fertiliter, pesticides, and feedstuffs, 
and (8) data on economic factors, such as labor, farm 
wages, real estate and buildings, cash income and ex-
penditures, and price statistics 

The agricultural census is conducted annuall> 
using i sampling method that ensures that each unit 
will be included at intervals of about S years Using 
the farm register, it provides general gricultural 
statistics nlat to the current aicultural statistiLs 
for individual parishes and communities 

The farm register %stemprovides a ,et, prmiec 
sampling Iraie for all stat0itial sUrV¢s, using hold. 

tnp (individual farmo a%the reporting L.nit Crop 

acreages are established on the basis of complete in
formation collected in the farm register. A complete 
and objective yield sample survey system establishes 
biological yields, harvesting losses, and data on har. 
vest quality and is similar to the U.S. system (ref. 
11). Subjective reports of crop outlook during the 
growing season are submitted in May, July, and Oc
tober for each of the 2500 parishes. Data on crop 
yield prospects are expressed numerically on a scale 
of 0 to 5. 

Kenya 

The Statistics Division in the Ministry of Planning 
and Development of Kenya is responsible for collec
tion, tabulation, and publication of all agricultural 
statistics through its Agricultural Branch. The 
Branch has two principal units: (1) General 
Statistics, which deals with commodity prices and 
quantities and the value of marketed agricultural 
products, and (2) Field Data Collection, which is 
responsible for all data ;ollection. 

Basic agricultural statistics are available for large
scale farms (20 or more acres) through an annual 
census that is more than 85-percent complete. For 
small-scale farms, a probability sample of geographic 
subdivisions is selected annually for enumeration. 
Field enumerators collect the basic acreage data, 
using the farm holding as a reporting unit. Crop and 
farm icreages are measured using compasses and 
measuring wheels. 

Thus, historical crop acreages are available on an 
annual basis but are derived using less than satisfac
tory statistical procedures. No statistics on crop 
yields are available for Kenya. Significant portions of 
the most important crops, such as corn, pass through 
a marketing board, where quantities and prices are 
recorded and provide estimates for the monetary sec. 
tor Estimates for the nonmonctary sector are now 
based on projections that are factoted up by popula
tion growth from a 1957 survey 

A census of agriculture %,s attempted in 196-61, 
but deficiencies in sampling Irame, measurement 
techniques, and staff quality ant trining, non. 
cooperation of respondents, and unfavorable 
weather made the re.ults inaccurate A relatively 
Lomnplete current aoricultural census would be very 
hclpful lot establihing bentchmark pr(oduction and 
acreage data |orecasts of crop contditions during the 
giowing ascton arc not attempted imited resourcc 
ate bpread thin in an attempt to also collect some in. 
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formation on livestock and livestock products, en-
terprise costs, and rural households. No measures of 
precision or reliability can be computed for any of 
the statistics, 

United Nations 

The United Nations Food and Agriculture 
Organization (FAO) published the "Food Quarterly" 
for the first time in 1975. Issued under the Global In. 
formation and Early Warning System on Food and 
Agriculture, it provides information on current 
world food production based on data from official 
and nonofficial sources and gives the latest develop-
ments and short-term prospects for food crops, 
livestock, and fertilizers, trade availabilities and re-
quirements, and stocks and prices. This quarterly re-
port was supplemented on a monthly basis through 
the Early Warning System in 1976 as atrial undertak-
ing and in an effort to fill man) critical data needs. 

In addition, FAO annually publishes two volumes 
of the "Production Yearbook," giving agricultural 
statistics for major geographic areas of the world and 
for more than 2W0 countries Volume I provides data 
related to land, population, and crops, livestock num-
bers and livestock products- the means of produc. 
tion; and index numbers of food and agricultural pro-
duction, Volume il contains data on prices of 
agricultural products, prices of certain production 
means, freight rates, farm wagcs, and index numbers 
of prices These volumes are made possible by the 
cooperation of those governments that supply most 
of the information to FAO 

NEED FOR IMPROVED ACREAGE 
INFORMATION: THE POTENTIAL 
OF LANDUAT 

EBoomlc Realities 

The hard evidence facing either private or public 
aricultural analysts it that new-crop expectations 
affect the agricultural economic activity during the 
marketing year for crop%already in the bin Once a 
crop ishavested, there is a limited crop-year supply 
available for use The inabili, to produce most ma. 
jor crops on a year-round timetable prduces th-i 
problem. 

Given the available crop-year supply, this inven
tory is drawn down on the basis of price expectations 
of both the storer of the commodity and the user. 
Simply stated, if the expectations are of low prices 
for the commodity in future months, it may well be 
in the interest of the inventory, holder to liquidate his 
holdings and, conversely, good for the buyer to wait. 
The expectations about future crop prices are deter
mined largely by the anticipated size of the new crop. 
The future size of the new crop can be analyzed in 
terms of the land devoted to production (i.e., acres 
planted) and the potential yield. The uncertain and 
unpredictable nature of weather and the impact of 
this weather on crop yield suggest that the acreage 
component of production variation is extremely im
portant as an early-season indicator of crop output. 

The most extreme example of acreage planted as 
the "key" indicator of new crop production is winter 
wheat. The crop is planted in the fall and remains 
dormant until revitalized by warmer spring weather. 
There are certain weather conditions, such as damag. 
ing wind or lack of winter moisture, which determine 
future output expectations, but past experience has 
shown that such information can be greatly mislead. 
ing. Therefore, truly good estimates of the size of the 
ne% winter wheat crop cannot be made until March-
April weather impacts are known, The acreage
plar'ed figure serves as the only "hard" piece of evi. 
dence about new-crop production until late spring. 
Of course, yield models ao provide considerable in
formation as to the crop output, but these models are 
limited by the capability for forecasting weather. The 
case is similar for spring-sown crops but over a 
shorter period of time. 

Empirical Evidence 

An examination of the historical data concerning 
wheat production and stocks indicates the drawdown 
situation described previously. Given that wheat is 
harvested during the third calendar quarter of each 
year, the USDA supply and use data account for new 
crop production in the third quarter and consider it 
to be zero in all oticr calendar quarters Therefore. 
the available quarterly supply of wheat during any 
quarter of the year it the beginning inventory of that 
quarter plu. the new production if that quarter it the 
third 1hme data manipulations are described in 
table II The drawdown levels for wheat stocks are 
then described as the available quarterly supply 
minus the ending stocks for that quarter. Finally, 
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TABLE /1.- Wheat Stocks and Production (by Calendar Quarter) 

(Il bushels] 

Year: Wheat Available End-of- Quarterly Percet 

quarter pruducnon quarterly 
supp4r 

quarter 
slacks 

use 
ofstocks 

quarterly 
drawdown 

1967:1 0 1047400 699200 348200 33.2 
1967:2 0 699 200 512800 186400 26.7 
1%7:3 1507 598 2020 398 1 556 100 464 298 23.0 
1967:4 0 1556100 1 209700 346400 22.3 

1%8:1 0 1209700 838100 371600 30.7 
1968:2 0 838 100 630 200 207900 24.8 
1%8:3 1556635 2186835 1679300 507535 23.2 
1%8:4 0 1679300 1341400 337900 20.1 

1%9:1 0 1341400 1 109500 231900 17.3 
1969:2 0 1109500 904000 205500 18.5 

1%9:3 1442679 2346679 1872 400 474 279 20.2 
1%9:4 0 1872400 1532 800 339600 18.1 

1970:1 0 1532800 1197200 335600 21.9 
1970.2 0 1197200 982600 214600 17.9 
1970:3 1351558 2334158 1788500 545658 23.4 
1970:4 0 178500 1410000 378500 21.2 

1971:1 0 1410000 1060400 349600 24.1 
1971:2 0 1060400 822100 237 600 22.4 
1971:3 1618636 2441436 1873800 567636 23.3 
1971:4 0 1873800 1547600 326200 17.4 

1972:1 0 1547600 1210700 336900 21.3 
1972:2 0 1210700 983400 227300 11.3 

1972:3 1546209 2529609 1370200 659 409 26,1 
1972:4 0 1870200 1398600 471600 25.2 

1973:1 0 1391600 927200 471400 33.7 

1973:2 0 927 200 597000 330200 35.6 
1973:3 1710787 2307717 1451600 96 157 37,1 

1973:4 0 1451600 923300 523 300 36.0 

19741 0 921300 543100 330200 41,0 

1974.2 0 348100 340100 201000 37.9 
1974.3 1731911 2122015 1562 100 559911 264 

19744 0 1362100 1107500 454600 29.1 

19751 0 1107 S0 662100 445 400 40.2 
1975;2 0 662 100 435 000 227 100 34.3 
1975:3 2122500 2557500 114 544 672956 ,2.3 
1975-4 0 I114 4 1315 650 493 194 26.3 

1976:1 0 1385650 936300 441 O 324 

1976,2 0 936300 665300 271 500 29.0 
1976:3 2142362 2107662 211200 619462 22.1 
19764 0 2Its 200 1731 M40 4(,40) 136 

1977:1 0 1731 500 1319,00SO9 M( 220 
1977.2 0 1319500 I112200 27? )00 200 

1977;3 2025793 3I7991 2397 bX 7403 236 
19774 0 23976006M 1990( 40i0o 170 
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table 11 shows the percentage of wheat inventories 
drawn down each quarter. 

The drawdown process isshown in figure 2.The 
movement from point A to point B represents a 
quarterly reduction of available wheat supply de-
scribed by the following data (in bushels), which 
were extracted from table I1. 

Y'ar: Wheat Avmalabie £nd-pf- Quarterls' 
quarter production quarter/. quarter ueof 

sppli/ stocks stocks 

1968:3 1556635 2 18t6 835 1679300 507535 
196:4 0 1679300 1341 400 337900 

Note that the movement from point A to point B 
represents the 507 535-bushel usage of the available 
quarter supply, which was 2186 835 bushels. 
Furthermore, the 1968:4 available quarterly supply is 
the 2186 835 bushels minus the 507 535 bushels, or 
1679 300 bushels. 

Points C and D represent the change from year to 
year in available quarterly supply of wheat. In other 
words, this change isdescribed by the following data. 

)ear: Avaiable quarter/. 
quarter suppl', buhels 

1974;3 2122018 
1973;3 2307717 

Chana, 
 -1,1769 


Inthis cue, the new crop production in 1974 was 
71131 bushels larger than that of the previous year, 

8UPP, Y am.-D 

WB 

SaI t1" isa$ 1113 tol loll 

irlGUVR I.-.Dre.4.'. of UXR.qwsflt imsl el lwaht. 

but total domestic use was very high at 1967 687 
bushels and the 1973-74 carryover of wheat was a 
mere 340 100 bushels. Thus, the tntal available quar. 
terly supply for 1974:3 (the first quarter of the new 
crop year) indicates a decline of 185 769 bushels. 

In work done at Data Resources, Inc., quarterly 
wheat inventory drawdown was modeled econ. 
ometrically.1 The time series of the quarterly use of 
stocks in table 11 was modeled in terms of new-crop 
expectations, which were expressed as acreage
planted variables for winter wheat and all wheat as 

well as prices and seasonal factors. The model was 
developed by using ordinary least squares. The 
model is described in the following equation, where 
the values in parentheses are t-statistics. 

quarterly utilization
 
(', -I+ PRD,) At of stocka
 
(" I + PRD available quarterly
 

supply
 

. PAD, evailable quarterly supply a AQS (2) 

(-,*) 00,)-70.0S)
- 093 00007A. _ 
(609) (_(446)' 

/ACP'',\ 
P',- 00019 kQ Y Wo(X69 

(364) AQS / (I 47) 

Ils*1 0 1 00.195 QI 0.045402 
(I 5.) (3.38) 

0009 (/3 * 0(K)5 QT(-,406) (19:1 O 

SA discussion of the development of inventory equationi in 

the Data Rewures. ilt , Agriculture Model ws done b) Roger 

L brinner aid Leomard I hurnan in "The Crop ,ectot," DRI 
Agricuitre !wrvKe lorkia Papi 2. Ma) 1976 The work was 
refined further b) Itutman in "Ih 1977 DKI Air.ullwir Model 
Now tNIvelopmenit in the D)meti Crop !,edor," DRI 
AitulIUle U1f vice Workins Paper 6, (h)6or 1977 
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Interval of the regression-Quarterly 1966:1 to 1976:4 

Correlation coefficient R =0.95 

Durbin-Watson statistic - 1.83 

Sunm of squared residuals 0.0069 


Standard error (SE) of the regression = 0.014; normal. 
ized SE a 5.40 percent 

where K - quarterly stocks of wheat 

PRD - production of wheat 

Y -the drawdown of crop-year supply 

X * quarterly exports of wheat 

ACPWJ4' number of acres planted inwinter 


wheat 
ACP4' number of acres planted inall 

wheat 

PW =cash price for wheat 

QIQ2,Q3 =seasonal factors 

QT - trend factor 

r - calendar quarter 


(Note: K, * beginning stocks for a quarter and K, 
ending stocks for the same quarter.) 


The information germane to this discussion, 
which is aptly shown in the regressior,.is the inverse 
relationship of the amount drawn down (i.e., 
decumulation of stocks) to the acreage-planting in. U.SSR.). In a separate experiment, the USDA 
tentions for winter wheat and all wheat, In short, the 
model indicates that if new-crop expectations are for 
a large harvest, currently held inventories will be 
depleted faster since future prices of wheat are cx-
pected to be lower Therefore, information about 
new-crop production which becomes available well 

,before harvest isextremely important. Agood device 
for monitoring acreage planted would enable 
analysts to fine-tune their expectations of future sup. 
ply and other economic factors associated with the 
crop. 

REMOTE SENSING AND CROP 
PRODUCTION ASESSMENT 

In view of the previously discussed need for im-
proved early-season assessments of commodity pro-
duction. how can the agricultural remote-sensing 
technology augment the current crop estimation 
systems to provide improved information" The 

provements can be achieved in the following areas: 
(1) early-season forecasts of total harvested area for, 
a crop, (2)early-season estimates of the changes in a 
crop area (planted or standing) relative to previous
years; (3) early-season estimates of changes in thequantities of major classes within a crop (i.e., classes 

with significantly different production potential, 
such as winter wheat and spring wheat); (4) monitor. 
ing of an area affected by a critical meteorological 
event, such as drought; and (5) additional data to 
help make midseason and late-season forecasts of 
crop yield. The major constraint mssociated with 
yield forecasts is that early-season yield-forecast ac
curacy is limited by the ability to adequately forecast 
the major variables which determine yield, mainly 
weather. Therefore, area estimates serve as the single 
"hard" piece of early evidence available for produc
tion assessments. 

Since 1974, satellite remote sensing technology, 
developed in the previous decade and assembled into 
an experimental crop inventory system (the Large 
Area Crop Inventory Experiment (LACIE)), has 
been tested for wheat in several countries. Thecapability of this first-generation technology to pro

vide improved commodity forecasts at a country 
level outside the United States was evaluated by 
LACIE. The experiment has clearly shown that 
satellite data can be used to improve foreign wheat 
production estimates (in particuth,, those for the 

Statistical Reporting Service (SRS) (now part of the 
ESCS) evaluated remote sensing as an additional tool 
for their ground enumerative survey. This experi. 
ment was aimed at testing the technical capability to 
proJuce estimates with significantly improved ac
curacies at the state and lower levels, These experi. 
ments have demonstrated that Landsat data could be 
used to augment the existing ground data to obtain 
accurate wea estimates for several commodities at 
the state level and below. 

What is the status of remote-sensing technology 
in terms of obtaining better early-season estimates of 
yield and production? LACIE has conducted quan.
titative tests over large areas and evaluated the use of 
simple, first-generation, pure-regression-type yield 
models based on an approach which utihzes monthly 
averages of temperature and precipitation to assets 
the impact of weather on yields Results or these 
tests proved that reasonably accurate forecasts of 
crop yields can be made before harvest, provided 
there are no extreme deviations in the weather con

capabilities demonstrated to date indicate that ir. ditions This qualifier is important because itisthe 
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hisorical-data..scries which Permits estimate crop production data are not well incorporated into 
throughregression anals,_of..the.ropy.eId. Thus, the total agricultural information system for each 
in years greatly different from the average, these country, with the exception of the United States. 
simple yield models cannot respond fully. Many im. Moreover, the capabilities associated with interna. 
provements can and should be made in these crop 
yield models. However, the magnitude of the pursuit 
of these improvements must be tempered by the fact 
that alarge source of the yie~ld redjgnr is the 
unpredictability of ttieLwcata. Thus, te liit 
to the rceuctionin the-preharvest forecast uncertain-
ty that-can be accomplished through yield modelim-
provements. For example, in Oklahoma, the 1976 
wheat crop survived the earl) concerns about "dust 
bowl" conditions as a result of late April rains. The 
timely rains came only I month before harvest and 
the crop recovered to a near-record level. In short, 
even with a perfectly specified yield model, yield 
estimates are really no better than the weather 
forecasts which drive them. 

Given that extremely accurate early-season yield 
forecasts art iot expected to be technically possible 
in the near future, how does the remote-sensing 
capability aigment existing crop forecasting capa-
bility" First. Landsat data can be used to quantify the 
total wheat area within i cotntry or region, It also 
can be used to quantilf the proportion of wheat 
classes within the region-that is, the amount of 
winter %heat compared to the amount of spring 
wheat-which is a critical input to forecasting total 
wheat production since winter wheat hectarage has 
twice the average productivity (yield) of spring 
wheat. In addition t the information associated with 
the type of wheti, geographic delineation of the area 
is important F(,r example, the eastern half of the 
Ukraine can be experiencing extreme drought, but if 
there has been arecent shflt in planting toward more 
westerl) regions, then production mas not be as 
radically affectcd as one might forecst using histori
cal data to as&certain the amount of hotarage affected 
by the drought 1:inall , LPndsai data can be used to 
monitor the condition of the crop in an ongoing pro,
pam. The monitorin, of a crop can he achieved since 
Landsat data .ain be used to quantif) the amount of 
hecarage affected b currentl poor growing condi. 
lions, and, therefore, the potential impact on harvest 
production can hIVetimated 

SUMMARY 


The current yslcmi providing crop inventory in. 
formation arc deficient mainly in two ways (1) there 
ilsneed for more frequent information and (2) the 

tional crop production assessment are greatly lacking 
in content, accuracy, and timeliness. Remote-sensing 
technology clearly constitutes a new tool for the crop 
assessment analyst, but the system that has been 
developed is devoted largely to wheat and has not 
been integrated into the overall agricultural informa. 
tion system of an), country. Empirical analysis has 
clearly shown the potential of integrating the area, 
yield, and production capabilities of remote sensing 
into the total agricultural information program of the 
United States. The ultimate objective to be served by 
the crop production data is to better anticipate the 
supply and usage of a commodity during future 
periods. Crop production estimates represent a key 
component of a general agricultural information 
system. Crop estimates cannot be evaluated as a dis
tinct part of the system but rather as a force which 
critically influences the supply/usage and prices of 
agricultural commodities. The discussion concerning 
the impact of acreage data focuses on a very particu
lar use of agricultural data in a forecasting mode. 
Currently, agricultural analysts stud) the alternative 
drawdown patterns for acrop in terms of the USDA 
prospective plantings and acreage reports The use of 
continuously monitored crop area data, which could 
be provided by remote sensing, would improve infor
mation about new crop producton and, ultimately, 
be a force which would pronote more efficient 
market activity. 
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Charles K. Paul, DS/ST
 

REMOTE SENSING FOR AGRICULTURE
 

Project Implementation Document for FY 1979 ABS
 

1. Project Purpose: This FY 1979 project is to demonstrate the
 

application of satellite imagery and aerial photography to statistically
 

delineate sample fields representative of a nation's total agricultural
 

crop production. The specific objectives will be to measure total field
 

acreage, estimate yield, and derive total national production estimates
 

one month before harvest.
 

2. Problem to he Solved: This project will deal with the problem of
 

estimating total supply of food in LDCs. It satisfies the Agency's
 

criteria for agricultural programs and is significant in that it
 

readies a country for catastrophic agricultural losses long before
 

mass starvation is eminent.
 

3. Beneficiaries: The ultimate beneficiaries of this project are small
 

farmers ii,those three countries where this project will be conducted.
 

By having inventories of crop status at various times during a growing
 

season, agricultural planners can take steps to maintain a constant
 

supply of food to the small farmers. Thus the project addresses millions
 

of small farmers who are essentially at the mercy of export-import
 

planning in which they have no involvement.
 

4. Replicability: The technique employed, i.e., area frame sampling, 

is labor intensive and utilizes visual analysis of satellite and airplane 
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imagery. It is easily conducted in any Ministry of Agriculture in any
 

developing country. Thus the ability of an LDC to absorb this technology
 

exists, and many LDCs have begun to experiment, howbeit in a random
 

and piecemeal fashion, with area frame sampling.
 

5. The End of Project: One month before final major crop harvest,
 

predictions of national totals will be available. These output products
 

will be statistical tables showing major crops and total tons of these
 

crops by province or state.
 

6. Probability, of Success: The probability of the success of this
 

activity is very high, as it has already been demonstrated in developed
 

countries and to a very limited extent in a few developing countries,
 

such as Zaire, Bolivia and Thailand.
 

7. Critical Assumptions: Conditions necessary for project success are
 

a motivated tear, within a Ministry of Agriculture to carry out the photo
 

interpretation and, more importantly, In each country a team of up to
 

10 people to do the ground enumeration necessary to gather the detailed
 

statistical infor ration. The ability to learn air photo interpretation
 

is also a critical assumption. In two of the countries where we propose
 

this project, Thailand and Bolivia, a remote sensing trained :taff Is
 

already available. In the case of the Sudan, none are avallable, but
 

DS/ST is now addressing that problem with a special training project
 

there.
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8. Project Implementation: To implement this project, a PASA with the
 

U.S. Department of Agriculture has already been discussed. They will
 

begin on-the-job training in visual analysis in the three count-ies
 

listed above. The second step will be to develop national totals
 

based on the statistics gathered from sample fields. The third step is
 

then to automatically classify by computer techniques the larger fields
 

which are amenable to identification by satellite and aircraft imagery.
 

The last step is to implement agricultural-meteorological modeling
 

techniques to oerive the yield which is fundamental in predicting
 

final total production figures.
 

9. Relationship to Regional Bureaus: This project has direct relation

ship to many agricultural monitoring activities in all the Regional
 

Bureaus, There have already been extensive meetings with Africa, Asia
 

and Latin America Bureaus-about this project and the go-aheads have all
 

been given.
 

10. Staff Implications: 4 months effort of one full time remote sensing
 

direct hire are necessary to produce a project paper and manage this 

project in F) 1979. 

11. Budget: $1.6 million is necessary for this FY 1979 project.
 

It will last three years. 

12. Initial Environ ental Examination: The activities do not have a 

direct impact or the physical or biological environment. The main 

aCtivities are to develop anC transfer information about the environment 

and natural resovrcec., A Negative Determination, therefore, is 

recomendeod for this project. 
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The attached isa detailed technical description of the project as well
 

as an initial FY 1978 pre-project activity necessary to ready the three
 

LDCs inwhich this project will be implemented. The attached was
 

submitted to USAID/Bangkok for their approval.
 



Attrtchment 

A Practical Application 9f .eMoteSensing
 

tor Crop Prediction
 

For the past five years AID's remote sensing program, con
'ducted by the Office of Science and Technolugy in the Bureau
 
for Development Support (DSB), has concentrated on demonstrat
ing the ap;lications of Landsat image interpretation and
 
training host country resource planners how to analyze and
 
thematically classify image data. Thailand's National Research
 
Council represents an Asian center of excellence in this tech
nology, thanks largely to the support provided by USAID/

Bangkok and the Asia Bureau of AID. The time is ripe that
 
something concrete and meaningful be done with this technolo
gy base to assist planning for crop scheduling, harvest, and
 
marketing.
 

In this regard, DSB has a project starting this year called
 
Remote Sensing for Tropical Agriculture; it focuses on:
 
(1) crop prediction by monitoring pre-harvest conditions and
 
acreages of sample fields, and (2) assessing the spatial
 
extent of desertification and its impact on agriculture.

DSB has had long discussions with the U.S. Department of
 
Agriculture (USDA) who will be doing the tec -ical work on
 
(1) and with NASA who'will actually be contributing both
 
money and technical support on (2).
 

The crop prediction component is what DSB would like to
 
assist with in Thailand. It would consist of four phases in
 
succession, each subsequent phase depending upon the former.
 
These phases include: (1) area frame sampling, (2) national
 
totals, (3) computerized classification, and (4) agro-met
 
mode ling.
 

(1) Area frame sampling is a labor-intensive technique to
 
statistically select the smallest sample of fields (the area
 
frame) possible to obtain representative crop information
 
for national export-inport planning. The collection of data
 
takes place on the ground at the sample fields. The sample

fields are -chosen by Landsat analysis, using skilled photo
interpreters. Landsat cannot see the ind:vidual small fields
 
less than 10 acres so typical in developing countries. But 
it does see agracultural intensity patterns of an entire 
country in just a few days. Py breaking out, or "stratifying," 
four of five of these intannities (land use themes) for an 
entire country', it iL possible to select a sample number of 
fields (several hundred) which, i. surveyed on the ground, can
 
provide an accurate representation of national averages of
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yield, crop acreage, livestock, etc. The USDA regularly

does this in California and Illinois, where accuracies in
 
state totals for crop harvest estimates range from 75-95
 
percent. As opposed to aircraft photography, which is ex
pensive and in some developing countries impossible to ob
tain due to milita, restrictions, Landsat is available
 
every 18 days (clouds permitting), hence the area frame can 
be updated when desired. At the present time the FAO is
 
'building a frame using Landsat in Bangladesh.
 

(2)National Totals: The power of Landsat becomes more
 
apparent in this second phase. Aerial photography, even if
 
one had it for an entire country, would have to have been
 
taken over many days, with different atmospheric conditions,
 
different sun and shadow angles, and other diurnal variations
 
which result in inconsistent contrast, patterns, and tonal
 
variations on the air photos. Not so with Landsat. It
 
images everywhere on earth at the same time of day, 9:30
 
a.m. With a technique called ratioing, it is possible to
 
get rid of the subtle atmospheric effects from the imagery

if necessar,. Thus image manifestations in southern Thailand
 
correspond to similar features in the north. It is this
 
feature consistency which permits one to multiply the sample

statistics gathered on the ground by a ratio to obtain na
tional estirates. The ratio is the intensity theme in the
 
entire country to the intensity theme present in the samples.

The intensity themes are quantified as hectares. This ex
pansion to areas larger than the original saxples is sur
prisingly quite accurate. The accuracy of the totals depends
 
directly on the accuracy of the sample statistics and not on
 
the magnitude of the ratio. The independence of the accuracy

of the totals tc the size of the expansion is due to the 
consistency of themes as depicted on Landsat imagery and as 
interpreted by trained interpreters. 

(3)Computerized classification would be the next logical 
step. From the area frame developed under (1) the Project 
would have, among other things: (a)reliable average yield
values for several important crops (bushels per acre), and 
(b) known crops growing in sample fields which, if some are 
large enough, can be identified on the 'Landsat imagery. With 
this data, the Project can now use the knoun crops to liter
ally "'traif;' a computer to automatically classify all suffi
ciently large fields outside the sample area. Then by multi
plying the total hectares of each crop by the yield, total 
production estr..ater of each crop are obtained. The rame 
is tine-cons u.ing tc conctruct (one tc two man-yeara) , but 
the automatic classification of crop hectarat permits o:ie to 
update the predicted totalt severa tieas during the crop
growing season to take account of climatic and catastrophic 
events,. 
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It will be necessary to look at field size distributions in

Thailand to determine if this step makes sense. If only ten 
percent of the fields are larger than ten acres, but this ten
 
percent is growing eighty percent of the crops in question,

then computer techniques are obviously appropriate. If this
 
ten percent is growing only ten percent of the crops, but

the other ninety percent are all small one-quarter of an acre
plots and yet consists of mile after mile of contiguous plots'of the same crop (rice, for example), then again computer clas
sification may be applicable. This classification could be
 
done by appropriate modification or an addition to some of
 
the computer algorithms NRC has set up at the Asian Institute 
of Technology. 

(4) The agricultural-meteorological (agromet) models represent

the final link in a viable crop prediction program. They are
 
also the most sophisticated and expensive to use. They are 
computer-based, and essentially simulate the growing of a
 
crop by inputting crop moisture, sunlight radiation, and
 
other parameters affecting the vigor of the crop. Data col
lected from the field as well as remote sensing data from
 
Landsat, weather, and other satellites are required. The
 
important crop yield of the formula is thus determined,

driving total crop production estimates up above 95 percent
 
accuracy.
 

The IFY 1978 activity would be phase (1)only; i.e., the con
struction of an area frame using Landsat in Thailand. This
 
activity, should it be approved, would be carried out by a
 
USDA team in Thailand who, in addition to constructing the

frame, would train Thai counterparts in both the image analysis
and the ground enumeration. It is proposed to start either 
this summer or at the beginning of a growing season, which- 1 
ever is later. This activity, as well as all ensuing phasesl
which the Mission and Government of Thailand would be inter
ested in pursuing, would be funded by DSB since the activities
 
are still somewhat experimental, have not yet shown conclusive 
benefits to the developing world, and have wide regional

applicability.
 

The area framefor Thailand would take about six months to 
build. DSB is prepared to fund all expenses of the USDA team
and their technical support ($67,000). USAID/Bangkok would
be informed of progress and there would be no requirement on 
the Miss'on for personnel, financial or logistic support.
There would be a need for the RTG to provide the following.
in support of this projectt
 

1/ Project life is proposed as 4 years with termination in 
TY 1982. 
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(1) all salary, travel, and other costs of their per
sonnel who would learn and take over the area frame
 
construction.
 

(2) a laboratory space or classroom (we'll bring neces
sary equipment or arrange to get it there).
 

(3) a graduate level or professional statistician, pref
erably from Ministry of Agriculture. He would be in
 
charge.
 

(4) 3 university students, undergraduate, or equivalent 
- representing fields of soils mapping, agriculture, 
and remote sensing. 

(5) 20 non-skilled, motivated people for the ground
 
surveys. These could be trainees under an education
 
project looking for a relevant task to test newly
acquired literacy skills.
 

DS/ITtCKPaul iops 3/16/78
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(1lAPPROPRIATION NO. (2) ALLOTMENT NO. (3)PIO/T/OBLIGATION NO. 
A. CITATIONS 
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COST COM- ENTIAL AND INCLUDING PER DIEM 

E) PONENTS BENEFITS 

(BLOCK B)
 

OR -4 3)) NEW TOTAL
E. SUPPLEMENTAL (II INITIAL OR CURRENT (21CHANGE It 
AID SUPPORT 

-i(2if-AT EMEN1 OF'PURPOst 

A. Summar,
 

The purpose of this Agreement is to fund services by experts of the Department
 
of Agriculture/Economic and Statistical Research Service (ESRS) to provide
 
technical assistance in implementing remote sensing area frame sampling in
 
eleven developing countries. Funding is provided for approximi rely 25 person
 
months through September 1980. The technicians will develop area frame
 
samples by remote sensing techniques, specifically Landsat imagery and air
 
photos, for the purpose of enabling LDCs to improve crop prediction accuracies.
 

I1, 0OVIIINING PIOVISIONSI PUmSUhN, To V049 OENERAL AsREEMENY DAYE70 YPW. 126 ogEWceN AID AND YME9 
II. .~A YN A$9NCI NAMED ADOVE AGRE0 TOYPROVIDE IN SERVICES OUTLIN90 IN OL.0OC IS 

AM0L61010 A$ NCEDED OV A0P ONDIX A UNL111 OTHERWIl AUTHORI19D 11 AID, ALl. tlERVICES SAi.L 11 OF U.S. ORI11IN, 

ANV AP0ENIDIC9S AYYACWID WEiEO Ao CONSIDSIED PART Or THIS VASA. 

16. SIGN AYURCS 

OpA#,|. 'I' . ,ANAGf'mtNT, AID 

OPPEE.l , _ Io' 

XJATb-U 2 1978 
I. APENDICgS It. N O,,IA IN , ,tfI1.toot 

CA w or. A sB oc op t o" ( M i() IJ/£I I A* 

C1" ' 'SDAIU%CDb :i1iat t(-X 

All#..,&li[ , Mit RIL S.S£.N .. '0J /1 t:t~ LatI_u 
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B. Scope of Work
 

The team of PASA experts will transfer technology to construct Area Sampling
 
Frames in selected Less Developing Countries (LDC's) using LANDSAT Multi-

Spectral Scanner (MSS) imagery, available aerial photography, maps, and
 
field enumeration. The USDA, in cooperation with the recipient countries
 
and subject to USAID Mission concurrences in those countries, will provide

on-the-job (OTJ) training to their host country counterparts in both the
 
visual analysis of images and maps for area frame technology and field
 
sampling techniques. The products left in each recipient country will
 
include agricultural intensity theme maps, comprising the material useful
 
for an area frame stratification, materials to carry out sampling that
 
are representative of the country's total agricultural potential, and a
 
report of the procedures necessary to carry out, and update, the developed
 
area frame. In addition, a host country staff of from 3 to 6 persons would
 
be trained in the techniques of area frame construction by LANDSAT and
 
aircraft imagery, and maps, as well as the methodology of choosing
 
appropriate land units for ground sampling. This project does not envision
 
a total agricultural census of the countries involved.
 

The candidate countries for this activity are the Dominican Republic,

Thailand, Bolivia, Paraguay, Indonesia, Jamaica. Eucador, .hile,__'__, 6'*44c.
 

rUr7"., and the- fioan. Tentative mission and country approvals have 
been obtained in Thailand-and Bolivia. Expressions of interest for the
 
project have been received from the Dominican Republic, Jumaica, Paraguay,

Indonesia, Ecuador, and-Guyana The USDA has begun area fr.ame sampling
 
in Zaire. The Mission Direc.tor in the Sudan is holding up his decision on
 
the project until the return of Sudanese presently undergoing training
 
at South Dakota State University.
 

'ThePASA team will be responsible, with AID/W, DS/ST and AID Mission
 
assistance where necessary, for negotiating final agreements with the 
nine to eleven host countries. This should be done during initial visits
 
to the host countries by either the project leader or his staff, with AID/W
 
or Mission assistance when necesirary. This has already been done in
 
Thailand and is expected to occur in Bolivia during July.
 

The PASA technicians will then acquire all recent LANDSAT imagery of the
 
agriculturally productive areas of the countries involved. 
Where recent
 
(within last year) imagery is not availab le and where a Landsat receiving
 
station covers the country in question, USDA will make arrangements to 
purchase imagery via a foreign ground ttation. If the country falls out
aide of the area of existing ground station coverage, AID/W will make 
every possible effort to request NASA to turn on the MSS sensor during
 
the crop gruwing season. The UuDA will also attempt to acquire through
 
the host governments, all available aerial photography and maps. The
 
maps must be put on clear acetate overlays at the same scale as the
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LANDSAT imagery (preferably 1:250,000). Other materials used in area frame
construction that the USDA would require are light tables. planimeters,

storage cabinets, color pencils, rolls of acetate, etc.
 

Some of the frame construction will be in the U.S. where country counter
parts can visit for training. 
Some of the travel money allocated for photo

interpreters can be used for this purpose.
 

The USDA team, consisting of photo-cartographers and statisticians, will

classify land use themes from imagery and select sample land units for a

demonstration area. Tnis demonstration survey can be run while the area
frame for the whole country is being completed. Questionnaires and field
procedures can be worked out for the demonstration areas.
 

The sample selection and a pcrtion of the image analysis will be done in
the respective countries in conjunction with the appropriate agricultural
 
agency. 
The sample selection will be followed by the field enumeration,

with host country counterparts being trained in the 
field by the USDA
advisory personnel. Selected data 
on crop type, field hectarage, yield,

livestock, and other land associated characteristics will be )btained

for the .ample area,., by the field teams and left with ile appropriate host
 
country agency. The techniques of area frame sampling will be imparted
 
to the host country agricu'ltural ministry.
 

The USDA would appoint one project 
leader who would be responsible for the
 area frame activity in all eleven countries. (S)le would spend about one

month in each country negotiating the agreement and directing the develop-
ment of the area frame. 
 There would be a total of up to 5 photo-cartographic

assistants and 5 s;tati.,ticiann. 
 There would be teams of field sampling

technicians which would visit each country. 
 A team would spend approximately

2 months in each country. 
The team distribution for a representative 9
Countrie. iLs shown in the attached "Schedule of Country Events." In
addition, one of the countrie,. Thailand, is about ready to 
attempt digital
classification of field , and it will be desirable to send a Thai to the 
U.S. for advanced training.
 

A* n~ t of' thiG activity, the USDA wdi prvyVi& training in the U.S. rorapproxima - member&_of a l.t;. Siutheat consortium of black
 
univerzitiet.. heade4. CM Univernity. The purporie of this
training i t Ldrvelop a cadre o are ling peronel for
 
attemp igA use this technique t , monitor deser 
 rEzi=.the Sahel. 

C. Blackgrounid Itforfl~t on 

Tentative Mir.r.ion approvalL for this activity have bee:, obtaird for ThailandIoh~vi, IriaddIt o,, the U,)A hat. ctarried out I imitrd area
 
trome samp Iing urng outdated areril photog,aphy II the Dom r i(an 
 epublc

Thailand. hlolivia, Chile, anid Zaire. 
 Lxprrbt:or- of Uiterrtt ir learning
 
more bout ths pro(ject have been rweivcd fro(,m 
J aua .',Ind -etia,and
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Guyana. DS/ST and USDA staff have already visited Thailand, Bolivia,
 
and Chile regarding this activity. After initial visits, several countries,
 
such as Jamaica, Ecuador, Guyana, and Zaire, may be dropped ane substituted
 
with Costa Rica, Senegal, and Ivory Coast.
 

D. Reports
 

10 copies of individual country reports will be furnished to DS/ST outlining
 
crop and other agricultural statistics based on the sample frame, an
 
assessment of the training provided to host country technicians and their
 
capacity to enter into the advanced phases of the DS/ST Agriculture
 
Project, and the USDA conclusions regarding each countrn''s present and
 
potential future motivaton in maintaining and updating the frame. In
 
addition, a final report in 10 copies will be submitted describing the
 
overall activity for all countries and how the data and conclusions
 
obtained can be used in developing an LDC crop forecasting system supplementing 
the FAO's activities in this area. 35mm slides should be provided to DS/ST 
indicating the more interesting applications in each of the nine to eleven 
countrieb. USDA shall submit three copies of all reports listed as 
being a product of the PASA (administrative, progress, final and 
technical reportL containing IR-D findings) to the vocumentation Coordinator, 
DS/DIU, Development Support Bureau, Agency for International Development, 
Washingtor, D.C. 20523, or hi designee. Such reports shall include a 
title page hfhowing the title of the report, project title as set forth 
in thiis contract (or grant) and the contract number. One copy of each 
report -Lhall be clearly typed or printed on white paper so that it may be 
photographed 4( produce a microfilm master. Technical reports shall be 
accompanied by an author-prepared abstract. 

E. Liaihon and Guidance 

AID/W/IDS/ST - Dr. Charles K. Paul 

F. Equipment and Supplies 

USDA is requested to purchase the following equipment:
 

300 Landsat imageb $906000 

gap% and Supplies 10,000
 

Computer equipment 64,100
 
(note -- themle are "All,
 
portable desk computers
 
for aggregating agri
cultural statistics)
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G. Logistic Support
 

The cooperating countries will provide in kind - oftice space and equipment,
 
transportation in cooperating country, official vehicles and interpreter/
 
secretarial services.
 

H. Internazional Travel
 

International travel, originating in the U.S. must be cleared by CM/SOD/IIA,
 
before undertaken.
 

Prior to making visits to LDCs, the PASA technician will review his plans
 

with DS/St. lie will clear visits to host countries with DS/ST at least 30
 

days in advance. DS/ST will tnen obtain country concurrence of the visit
 

prior to commencement of travel. lie will call on AID Missions upon
 

arrival, keep MisLion personnel fully informed, ask them to participate in 

discussions if they des.ire and will inform Missions of the outcome of 
consultation. Normally, he will make his own appointments and logistical 
arrangementt. 

I. Language Requirements
 

Working knowledge of Spanish helpful, but not required.
 

http:o14978,79.80
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ANNEX 7
 

PRM ECf AGTM f7 

931-1166
 
Remote Sensing for 
Resource Asses3ment 

Project Arregnt 

January , 1979 

Between 

The Kingdom of Thailand, acting through the Departi.nt of Technical 

and Economic Cooperation (DTEC) 

and 

The United States of America, acting through the Agency for Inter

national Development ("A.I.D.") 

Article 1: The Agreement 

The purpose of this Agreement is to set out the unders'andings of 

the parties nzred above ("Parties") witr. respect to the unde-takini cf 

the Project describee below, and with respect to the resources tc be 

contributed to the Ptoject by the Parties. 

Article 2: The Proiect 

srr'ION 2.1 I)eflnition of Proect. The Project which is further 

described in Annex A, will c.nsist of the provision of U.S. Governxnt 

technical .enricef. and rvaterlals to the Pvyal TWi Gver.ent tn support 

and further P'ha'!e I of a project deo-igned to develop and irelerent a 

progrT& of Are frarv .-w.mpling for crcl 5tati-?tic!.. Annex A, attached, 

alafie the above dfi ition of the !roject. 'lefentA of tle 0plifiod 

description stated in Annex A may be chngod ty witten agremit of the 

http:Departi.nt


authorized representatives of the Parties named in Section 5.2 without
 

formal amendment of this Agreement.
 

Article 3: Resources for the Project
 

SECTION 3.1 United States Government. To assist the DTEC in 

carry'ng out the Project. The United States Government, pursuant to 

the Foreign Assistance Act of 1961, as amended, and Participating Agency 

Service Agucccnt No. AL/TAB-116t-6-78, agrees to provide through the 

U.S. Departcent of Agriculture, the services and materials specifically 

identified in Attacfrient I of Annex A hereto. Thie costs of these services 

aWd materials shall not exceed 100,000 United States ("U.S.") dollars. 

SDTICN 3.2 Royal Thai Government 

(a) The Ro~yal Thai Government agrees to provide or causa to be 

provided for the Project all other resources that are required to carry 

out the Project effettively and in a timely manner. 

(b) Thie resource-- Provided Iby tht- Raoyal Thani Goverrent for the 

Project 	will be not ler . than the equivalent of 30,000 U.S. Dollars. 

SEC71ON 3.3 Project k ,i-Iace ('1,)Ietion Date 

(a) Thc Project A %i5!uwce Crmpletion lite (PIAMI) is Septmbtr 30, 

1980, or stxh other date a,, the Parties may mitually Agree to in ritil. 

ft PAI) i- he t e ry ,4ch all :er 'Ice uiadmterial5 to be provided 

by the Tlartirs tinder thi-s A~rerrien will Ihave hcc'n performed and fur 

nished for the SVTject as cotet!ilated in this Agretment. 

SM-TIJI( 4.1 Project Iat'=lieil. The 'artis Agree tO estAblish 

an ovaluti'i~protrW 4t Irtt of the VToject. LICept 4 the Partics 

otheuit4~r IgTCP it~Wilflhj. 11i 'r T ti'1 iittk. 4tiii the 1#ple' 

muitln of tho Projott And At omv or tort pointo 0*TCer A14r; 



(a) evaluation of progress toward attainment of the objectives 

of the Project; 

(b) identification and evaluation of problem areas or constraints 

which may inhibit such attainment; 

(c) assessment of how such information my be used to help over

come such problems; and 

(d) evaluation, to the degree feasible, of the overall developmnt 

ipact of the Project. 

Article 5: 	 Miscellaneous
 

SECTION 5.1 Corminications. Any notice, request, doctsnt, 

or other comunication submitted by either Party to the other under the 

Agreement will be in writing and will be deemed duly given or sent when 

delivered to such party at the following addresses: 

To the MTEC: 

Mil Address: Dcjarment
conomic 

of Technical and 
Cooperation 

Knmg Kam PadBamngkok, Thailand 

To A.I.D.:
 

Mill Address: 	 USAID/Thailnnd 
American wbrassy 
Bangkol.oI Thailand 

SECTIO I. presentatives. FOr all purposes relvant to this 

Aprement, the PTIC will 1-c rqr rsened by the individual holding or 

acting in the Office of Dirrcior-General, tk-parrtenx of Thclmical and 

keootiic U ,eratiori tid All) will tv rrpretnted by thu individual 

holding or actin in the Officr of Director, UtAWD/TAilard. ITUC and 

http:Bangkol.oI


AID ma)', by wTitten notice, designate additional representatives for
 

all purposes other than exercising the power under SECTION 2.1 to
 

revise elements of the amplified description inAnnex A. The names
 

of the representatives of DTEC with specimen signatures will be provided
 

to AID, which may accept as duly authorized any instrument signed by
 

such representatives in implemenation of this Agreement, until receipt
 

of written notice of revocation of their authority.
 

IN WITNESS WHEREOF, the Kingdom of Thailand and the United States 

of America, each acting through its duly authorized representatives, 

have caused this Agreement to be signed in their names and delivered 

as of the day and year first above written. 

For the Government of Thailand: For the Agency for International 
Development: 

Signature: Date Signature: Date 
Xujati Pramoolpol Donald TV. ohen 
Director-General, DTM Director, USAID/T 

Accepted: 

Department of Agricultural Economics National Research Council 

By: Date By: Date 

Title: Title: 

U.S. Department of Agriculture 

By: Date
 

Title:
 



PROJECT AGREEMENT
 

ANNEX A
 

931-1166
 
Remote Sensing for
 
Resource Assessment
 

This document records the agreement of the signatory parties
 

to participate in area frame sampling construction activities of
 

the Remote Sensing for Resource Assessment Project during the period
 

the date of execution of this Agreement to final constarting on 


tribution date as shown on face sheet for the conduct of the project.
 

Of all the applications of satellite remote sensing technology, 

the most promising, yet most elusive to date, has been the monitoring 

for prediction of crop harvests. Crop area and yield monitoring are 

difficult to carry out due to the dynamically changing conditions 

of crop status over short periods of time. Yet every country attempts 

to estimate total area (hectares) and average yield (bushels per 

hectare) for selected crops to derive an estimate of the product 

of the two; i.e. total production equals area times yield. The 

degree of prtcision obtainable in deducing this estimate depends 

upon the tools available to measure area and yield. And this 

precision translates to itabili:zig food in\'entories for consumption, 

if the preci.ion is good: or to hoarding of grain inventories with 

subsequent loss to those in need, if the precision is bad. In some 

developing countries of the world, imprecinion translates to famine. 

Agricultural staitic for many countries 1s achieved by a 

full or complete inventory of all farms; i.e. a farm-to wfrm survey 
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of an entire country. This method of acquiring statistics is still
 

carried out by the U.S. Bureau of the Census, in the U.S. and in
 

other countries throughout the world. The method has two serious
 

drawbacks: (1) it relies totally on questionnaires which obtain
 

information from farmers every 5 or 10 years, but with no data
 

acquired by objective mensuration; (2) it can take three years to
 

plan and conduct the census and three more years to compile and
 

publish all the statistics in a country such as the U.S. or Bolivia.
 

Needless to say, crop information every six years is inadequate for
 

food distribution and marketing when production varies between years.
 

In recognition of the importance of accurate crop statis;tics 

in a timely manner, the United States Department of Agriculture (USDA) 

has conducted enumeration of selected representative sample fields 

and farms to derive a representative portion of the land area, yield.
 

and other agricultural data. Data collected from thes.e sample areas
 

when multiplied by an appropriate factor to convrt the sanple to
 

the total country, will provide accurate estimates of crop and
 

livestock by county, state, and the entire country. For over a 

century, total production estimates were subject to errors due to 

the problems of selecting field% which were not truly representative 

of the Nation's crop .tatus, and ,}he lack of knowledge of the 

appropriate factor b) which the sample tatistics were to be muliplied. 

Beginning with the early 1930'.t,, the operatlonal use of air 

force and commercial cameras, and notably the early 1970's, with 

the advent of the I.AMJ1,AI earth urvey atrllltre, ultnessed thr 

introduction of new technoloy ,hich n~otlired both of these problems. 

By using both aircraft photograph and LANDSAT imagjery with field
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enumeration, the Economics, Statistics and Cooperatives Service (ESCS)
 

of the USDA carries out the June Enumerative Survey (JES) of agri

cultural production in all states of the U.S. The ESCS area frame
 

estimates are recogni:ed as the best estimate of the current status
 

of U.S. crops, and are used as the calibrating standard in the U.S.
 

for all official agricultural statistics.
 

Because of the solid statistical base of the area frame sampling
 

technique, as well as the future promise of the advanced technology
 

manifested by processing digital LANI)SAT data the office of Science
 

and Technology in AID/Washington has implemented a global activity
 

to transfer this technology to twelve developing countries. This
 

activity consists of four phases- (1) construction of an area
 

sampling frame, (2) national crop estirat.ion, (3) automati: field
 

classification, and (4) agricultural - meteorological crop yield
 

and production modeling.
 

This P'roject Agreement covers only phase (1), area frame sampling. 

Conditional on the Royal Thai Government (RTG) successfully completing 

this phase; i.e. the establishment of a full frime for Thailand as 

described under Project Description, and conditional on Washington 

funds releaed for a sub sequent pro)vct to cover costs of phase$ (:) 

(4), this Project Aprement Uill be amended at a later date to permit 

USAID and RIG to enter into phases (2) - (4) 

Project Description 

I. Re mote Sensi PJackround in Thailand 

In 1972 Thailand was selected to participate in the NASA
 

Principle Investigator Program for LANrSAT - 1. At that time, USAIII
 



and the RTG signed a Project Agreement to provide Thailand with
 

technical assistance and training in the interpretation of the
 

LANDSAT imagery acquired by NASA over southern Asia. Initially,
 

between 1972 and 1974, sixty Thai, twelve Mekong Committee staff,
 

and other Indochina participants received training both in Thailand
 

and the U.S. This national Thailand program was extended in 1974,
 

providing additional training to carry out applicationr- in forestry,
 

watershed management, coastal monitoring, rubber plantation surveys, 

and crop assessment. In addition, two digital image analysis programs 

were set up in Thailand - the RECOGX program from Colorado State 

University was installed on the IBM 370/145 at the Asia Institute 

of Technology (AIT), and the LIGMALS program, developed by Harvey 

Wagner of the University of Michigan, was set up on the Burroughs 

1710 at the Burroughs Corporation in Bangkok. 

The RTG National Research Council (NRC) which controls and 

directs remote sensing in Thailand, is a major participating agency 

in the establishment of the Asia Regional Remote Sensing Center at 

AIT. Funded mostly by USAIID, with contributions from AIT and tJNESCAP, 

NRC will supply instructors and the use of their photographic facil

ities to the R4egional Center. They will make available selected 

aerial photography tand access to ground sites for training in multi

stage sampling techniques. 

The PT!i cabinet has recently approved the funding of 80 million
 

baht for the development of a LANIISAT receiving station. This 

station will perrmit periodic (9 dny) acquisition of image dota from 

These data will be transmitted to theboth of the LANDSAT-2 and 3. 
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Thai station whenever he satellites are within a 2700.km, hori.
 

zontal radius of Bangkok. It is planned to channel these data
 

directly to the Regional Center where rapid assessment of crop
 

status, flooding, and other dynamic phenomena is necessary. Already,
 

USAID has made available a NASA computer specialist to advise the
 

RTG on station hardware and will issue invitational travel orders
 

to a second NASA antenna and station specialist to further elaborate
 

on station equipment and costs, as well as advise on appropriate
 

sites for the receiving station. It is expected that the RTG will
 

sign NASA's Memorandum of Understanding (MOU) in January, 1979.
 

Among other conditions, NASA agrees under the MOU to turn on the
 

LANDSAT sensors whenever the satellites are within range of the
 

RTG station in turn for the RTG selling the data products to
 

whomever desires to purchase them.
 

II. 	Agricultural Applications
 

MOU closely tied to agricultural applications was a project
 

to initiate LANI)SAT-based area frame sampling in Thailand. Conducted 

in 1976, this was a small grant actively funded by USAID's Office 

of Science and lechnology in Washington. The grant was administered 

by the Lnvironmental Research Institute of Michigan (LIM). Due 

to the fundiog limitation of a $20,000 grant plus about $40,000 in 

technical asistnnce, this activity had only rind impact in Thailand 

on-going area frame sampling conducted with the a5sistance of Iowa 

State University to the Division of Agriculture LJconomics (VAL) of 

the Ministry of Agriculture 6 Cooperatives (MOA). The present area 
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frame sampling in Thailand depends upon aerial photography which
 

is flown irregularly over limitid portion of the country. The
 

use of LANDSAT will provide a means to rapidly update the frame,
 

redistributing sample fields as agricultural patterns change.
 

Area frame sampling is a labor-intensive technique to scien

tifically select the smallest sample of fields or other land areas
 

possible to obtain representative crop information for national
 

decision making, such as. export-import planning. The collection
 

of data takes place un the ground at the sample fields. The sample
 

fields are chosen by statistical procedures, using skilled photo

interpreters and statisticians. LANDSAT cannot see the individual
 

small fields less than 10 acres so typical in developing countries.
 

But it does see agricultural intensity patterns of an entire
 

country in just a few day;. By breaking out, or "stratifying,"
 

four of five of these intensities (land use themes) for an entire
 

country, it is possible to select a small sample of fields (several
 

hundred) which if surveyed on the ground, can provide an accurate 

representation of the national averages of y.eld, crop acreage, 

livestock, etc. The UJSI)A regularly does thfs in all states within 

the continental U.S., where accuracies in state totals for crop 

producticin have coefficient:, of variation between 3 to 10'. Air

craft photorraphy is expenive and in some developing countries 

impossible to obtain due to military restrictions. I.ADSAT satel

lites are potentially available every 9 day" (clouds ptrm ittinrg), 

hence the area frame can bI updated when desired. Outside the U.S., 

the USDA is providing Assistance in building frames in Tunisia, 
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Zaire, Jamaica, Dominican Republic, and other developing countries
 

under 	USAID funding.
 

III. 	 U.S. Government (USG) Contribution to the Suppot of
 
of the Area Frame Sampling Activity
 

The U.S. Department of Agriculture (USDA) ESCS will
 

transfer technology to construct Area Sampling Frames in selected
 

Less Developed Countries (LDC's) using LANDSAT Multi.Spectral
 

Scanner (MSS) imagery, available aerial photography, maps, and
 

and field enumeration. The USDA, in cooperation with the recipient
 

countries arnd subject to USAID Mission concurrences in those
 

countries, will provide on-the-job training (OJT) to their host
 

country counterparts in both the visual analysis of images and 

maps for area frame technology and field sampling techniques. The
 

products left in each recipient country will include agricultural
 

tntensity theme maps, comprising the material useful for an area
 

frame 	stratification, materials to carry out sampling that are
 

representative of the country's total agricultural potential, and 

a ropor" of the procedures necessary to carry out, and update, the 

developed area frame. In addition, an RTG staff of from three to 

six persons would be trained in the technique. of area frame con

struction by LAXJDSAT and aircraft imagery, and maps, :s well a 

the methodolopy of chooning appropriate lanJ unjtv for ground 

sampling. "This project does not envision a total agricultural 

ce=n5u of Thailand. 

The USIA will acquire all recent LANDSAT imagery of the 

agriculturally productive areas of the RTG. AID/W will request 



NASA to turn on the ISS sensor during the crop growing season
 

until the RTG LANDSAT receiving station is operational at which
 

time RTG will be able to acquire their own imagery. The USDA
 

will also use and acquire all recent available aerial photography
 

and maps. The maps will be put on clear acetate overlays at the
 

same scale as the LANDSAT imagery (preferably 1:250,000) by the
 

USDA. Other materials used in area frame construction that the
 

USDA would require are light tables. planimeters, storage cabinets,
 

color pencils, rolls of acetate, etc.
 

Some of the frame construction will be in the U.S. where
 

country counterparts can visit and assist with as part of their 

training. Some of the travel money allocated for photo interpreters 

can be used for this purpose. 

The LISDA team, consisting of photo-cartographers and itatis

ticians, will work with the RTG staff to classify land use themes 

from imagery and select sample land units for a demonstration area. 

The field survey for the demonstration area will be run whilo the 

image interpretation for the whole country is being completed. 

Questionnaire, and field procedures will be worked out for the 

demonstration ar'a. 

Once the results of the demonstration area are verified for 

accuracy and the prcedure appears operational, the reomainder of 

the country's sample filvds will be enumerated by a DAY field 

team wilh minimal con.sultaticn by US!DA %taff. Sr'rcted data on 

crop type, field h0c'usrage, ylhid, livestock, and other land 

associated charactariotics will bo obtained for tho raxple areas 



by the DAE field teams and USDA staff. The techniques of area
 

frame sampling will thus be imparted to the DAE.
 

The USDA will appoint one project leader who would be 

responsible for the U.S. assistance in area frame sampling. He 

will spend a zotal of one month in Thailand directing the developmen 

of the area frame. One USDA photo-cartographer will spend 2 months 

in Thailand, one statistician 112 months, and one team consisting 

of three field sampling technicians will spend 3 months in Thailand. 

The same person may be involved in several of these activities. 

The USDA team will bring hand-drafting equipment to build 

an area frame when they come. In addition, if the RTG manages 

to develop the area fram.e for the country and elects (conditioned 

on AID/Washington funding) to proceed to phase 2 as described 

above, USAID can, if neces5ary , equip the RTG with a small, desk

top computer for'aggregating crop statistics. Again, conditioned 

on All)/ ashmgton funding for later phases (which should be kiloun 

by April 19719) and RIG interest, USAII) will snd. under this pro)ect 

agreement. Ln IMT; remote sensing scientifst to the U.S. for trining 

in advanced computer classification techriques applied to crop 

ara 	 aviurtaents. 

1. 	 RTG Contribution to the Area Yrame .ia plng Activity 

Under this 4ctivity, the PRTC will furnish one full line 

aricultur# tt ieiatlclfn to manate the frafte develient. ()110 

would pr-fir4;ly be Of' employre of tle I vition of ACsI!ultur# 

fCofnoMiCS reOuJth!ly Cirrying oiiut Te pb-161 III JO.. b1*imIl to that 

r#quired by this proivct. Th )ob dut#tion toi 0 rionths. VAE 
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will need 3 additional employees to complete the project for 1 

year. A remote sensing scientist, preferably from the National 

Research Council, will work on the project for 6 months. Initially, 

for the demonstration area, 10 field enumerators should be assigned 

to the project for one month each or a total of 10 work-months. 

For the full country, gample field enumeration, the RTG should be 

prepared to put 20 more enumerators for one month each on the job. 

The reason for the large number (20) of field enumerators during 

the demcnstration phase is for training purposes- this permits 

each of then in turn to train one additional enumerator, thus 

providing a total of 30 enumerators for the full country sampling. 

Although trained enumerators are available in DAE, they do not 

have experience in finding fields from aerial photography and 

must be taupht map-reading from this imagery. 

The RTC %ill make available a total of 4 months use of a 

4-wheel drive vehicle for accets to, and transportation between, 

sample fields. Iii addition, for sample f+elds in the far northern 

and southern prosvices of Thailand, it May be ne0cessarY to fly 

RTG gtff frott Pi'cnrloi. to other citier in Thailand. The RTC will 

fund domettic travel for RTC slff, US!A team ttiivrl, both 

domAtic 4nzern0t1or4l, till lie funded by USAID. 

Tho RitGt ulll mre Av4ilab,le. at no cnst to the USG, drafting 

and clai- roon nbcevar'v to carry out the photo Interpretation 

*sosociated iwith srebr r e itling. The 4rafTnt room ihould 

b@ oquipped ulth light hl)@, planlixtarA, otorage c#Hnoto, color 



- 11 

pencils, rolls of acetate, and other common Irafting equipment
 

used in cartography.
 

V. 	Ohjectives
 

As a result of this project, the RTG will have ground.
 

verified statistics of agricultural parameters such as crop area,
 

yield, livestock, etc. of a number of selected sample fields in
 

the country. The number of fields, and their manner of selection,
 

will be statistically significant in future extrapolation to
 

country totals.
 

VI. Reporting Requirements
 

A. 	Final Report
 

The USDA and RTG are required to furnish 10 copies
 

of a final repo.t on the Thailand Area Frame Sample Development to
 

the Office of Science and Technology, Isevelopment Support liureau,
 

Agency for Interpat ional Development, Washington, D.C. 205,S, USA,
 

marked Attn. Dr. Charles K. Paul, Manager Remote Sensing Prograns.
 

Five copies of the report shou!d be sent to USAlI/ThisilA4d, The 

report should tabulate crop and ot),-r agricultural sttic% 

baaed on the sample frame, and should assess the Iraitng provded 

to RTC trchiiic n' and the PIC capaclty to enter Into the adv'ancrd 

phases of the Irmoti Sensing for Africulture Pro)ect. The report 

will provide a UiDA conclusion regArdi.ig ihe ATI"- pro-ent and 

potential future nteIatlori. in miAt invinng and updati-I the frans. 

The USDA is under 5cparatv reporting requiromoenfl by contract 14W 

to AID/laAhin!t:on'' Peveloppent Support burcau. lloWver, for 

http:regArdi.ig


- 12 

clarificetion both parties to this project agreement, USDA, with
 

appropriate inputs from RTG. must submit three copies of all
 

reports listed as being a product of the contract (administrative,
 

progress, final and technical reports containing R&P findings) to
 

the Documentation Coordinator, DS/DIU, Development Support bureau,
 

Agency for International Development, Washinton, ).C. 2. 23 or 

his designte. Such reports Fhall include a title page showing 

the title of the report, project title as set forth in this contr:,ct 

(or grant) and the contract number. One copy of each report shall
 

be clearly typed or printed or. white paper so that it may be 

photographed to produce a microfilm master. Technical reports
 

shall be accompanied by an author - prepared abstract.
 

B. Interim lechnical Communications an ro~re l ortet 

These informal contacts uill tate place on a regular bas1 

between the prolect managers in the U.S. and RTC. Lach mnnth 

progress, prbblem; and short term plan-- will be discussvd by 

telephone, Cable or %ritten correspondenci depending on the urgentN
 

requirements to insure time tablvA for pro)ect milestones will be
 

mt.
 



Rwcote Scnsing for
 
Resource Assessment
 

ATTACHMENT I
 

Budget Rouirements
 

Us$
Category 	 AM RTG
 

I. 	Salaries
 
I U.S. team leader (1 mm) 
 4,000

1 photo-cartoqrapher C 2 mm) 
 4,500

Ij (iz ~rm) 	 4,000 
3 field tech.4icians 9 mm) .16,200
1 statisticie.,a manager 
(20 	mm) 8,0001 soils P.pFer ( 3 %.) -1,200
1 agricultzural enc. (3 run) 1,2001 remote se.sing .cie.ist ( 6 r'm) 2,400
20 field techni:ians ( 20 mm) 	 " 6,000
 

Sub 	total 42, )0 18,800 

I. Travel
 

USDA - International 
 15,000 -USDA - domestic U.S. 
 1,000

USDA - nor d4em 
 "T0.-RT- dome tnc - air 1,000

trucki - 4n.' thhs 4,000

RTG 	- traning in U.S, 7,000 

Sub 	total 3"ao0 
 5,000 

,ZZ1. Equipment 

LA3WDSAT products 12,000 -Maps And oupplies 
 1,000
 
-Com~puter-

IRG 	Acotato rolls, *tc. 
 10200Oerlal photo 
 , . 5,000 

Sub total 4,000' 6,200 

V, 	USDA Overhead
 

URS 44TOOo -
OZDC 
 .4.40oo' -

Mu total , . 

TOTALi 	 100,000 30,000
wmlwww" WW " 



ANNEX 8
 

PROJECT TITLE: REMOTE SENSING FOR RESOURCE
 
ASSESSMENT - SUPPLEMENTAL ACTIVITIES TO
 

CURRENT AREA FRAME SAMPLING PROJECT
 

This 	Memorandum of Understanding (MOU) is made by and between the Govern

ment 	of Costa Rica (GOCR). represented by Director General of Statistics
 

and 	Censuses (DGEC), Agricultural Sector Planning Office (OPSA) and the
 

United States Department of Agriculture (USDA), operating through a
 

Participating Agency Service Agreement AG/TAB-1166-6-78 with the Agency
 

for 	International Development.
 

The 	intrnt of this MOU is to provide supplemental support to the present
 

Area 	Sampling Frame Project as described in 2 below, and will not supplant
 

nor 	duplicate present or ,uture efforts.
 

1. 	background
 

Among the many applications of satellite remote sensing technology,
 

one 	of the most promising has been its potential use for monitoring and
 

estimating crop production. Since the launch of the first Earth Resources
 

Technology Satellite (EkTS). now called LANDSAT. ,och research on an
 

international scale hat been conducted to evaluate the use of the data and
 

image products collected by this system. At the current state of develop

ment, however. satellite remote sensing provides useful data only when com

bined with other sources of information. The Ec nomics Statistics,. and 

Cooperative; Service (ESCS) of the USDA had developed a tystem'whlch inti

grates satellite remote strinn data with "ground truth" data collected for 

an operational area sample survey. Thi, systm utillizes the synoptic 

covera9e aspect of the satellite data In combination with accurately
 

recorded ground infornation collected for a very s.mall sample of land parcels
 

(about j to 1 perc nt tampling rate). This combined un of satellite data
 

and 	ground infomatior provides OIgnificant Improvement, In the accuracy of
 

area 	 @;tImotr of major cropt, 



-2-


For more than a decade ESCS, through AID sponsored projects, has
 

provided technical assistance to several developing countries for
 

starting an agricultural data system or improving the existing system.
 

Inmost of these countries the projects have involved the construction
 

of an Area Sampling Frame (ASF), followed by conducting surveys using
 

samples drawn from the ASF. These surveys have provided significantly
 

improved agricultural data both from the standpoint accuracy and timeli

ness.
 

It has been denK)nstrated that Satell ite remote sensing image products 

can be used to effectively di ferentiate between broad land uses. 

Frequently maps and Lonventional photography are either out-of-date or 

non-existent. In these cdses satellite imagery is particularly valuable. 

Also, I' sitellite digital data isever to be used to estimate land cover,
 

it is essential to have an ASF to provide "4he statistical basis for
 

correcting bias that exicts inspectral data.
 

2. Project Purpose 

The overall project purpose isto develop an ASF for Costa Rica and 

following this activity, conduct a national agricultural survey. Work on 

area sampliti frame construction btgan in the fall of 1976 and was funded 

by USAID/Ck, An area frame has been developed for the Pacifico Central
 

Region which itone of seven agricultural region; in Costa Rica. A pilot
 

agricultural survey was conducted in the suntner of 1978 as part of the 

original project. The results of this survey were published ,y GOCR 

Department of Censu. and Statio.tics In February 1979. 

It iP the Iltent of this MOU that the area frame construction be con

tinued to corpletiori for the rest of the land area of Costa Rica. LANDSAT 

imagery now availatblc I- moJre current then much of the ,prial photography 

used for land uSe dotermiination completed during tho first part of the
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overall project. Using LANDSAT imagery, USDA will provide technical
 

assistance ininterperting the imagery to provide an up to date area
 

frame for all of Costa Rica.
 

3. Agency Responsibilities
 

Costa Rican agencies (DGEC and/or OPSA) have the overall respon

sibility for completin the ASF inaccordance with previously agreed and
 

understood specifications as described inAnnex B. USDA (through, Statistics)
 

will provide satellite ir;age products and the necessary technical assistance
 

to use these products with existinq m(iterials for ASF completion. Monitoring 

of this project and disbursement of USDA funds for the project will be the 

responsibility of the designated USDA manager inESCS, Statistics,
 

Washington. D.C.
 

4. Resources/Services
 

The parties to this MOU will provide the following resources to the
 

extent specified inAppendix A hereto:
 

a. USDA, with AID funding will provide
 

I. Personnel
 

Personnel for consultation to supplement the existing
 
project
 

ii. nt anduunSU.Ies 

LANDSAT Imagery MSS 3-4 scenes 

LAN SAT imagery RBV 3-4 scenes _/ 

| 1. Travel. 

All internationsl travel, including travel and per diem
 
for USDA per-,onnel Involved intechnical assistance.
 

b. DOC through OPrA will provide:
 

I. Personnel
 

Project Director
 

Franf Construction Supervilor
 

3/ As my be availabl 
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Sapling Frame Construction Technicians
 

Secretarial and Clerical Support
 

ii. 	 Maps and Aerial Photos
 

As required
 

Mii. 	 S 

Frame construction, storage and office as required 

iv. Transporation
 

Funding for in-country travel
 

5. 	Reporting
 

The Project Direcotr, with the assistance of the USDA Resident Agent,
 

isresponsible for the preparation of quarterly progress reports to be sub

mitted to the signing authorities of the Costa Rican Ministries and USDA
 

and 	the USDA manager.
 

6. Amendment
 

This MOU may be amended by agreement of the parties inwriting.
 

7. This MOU shail become effective upon the final signature hereto and
 

shall remain ineffect unitil September 30, 1981, unless terminated
 

sooner by mutual agreement of the parties,
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United States
 

Special Assistant for Ii .rnational
 
Scientific and Technical Cooperation,
 

USDA
 

Costa Rica
 

Director, OPSA
 

Director General, DGEC
 

Concurrence:
 

________Directors ________Cost&_Rica
Mission Di)rector, USAID, rcosta Rtca
 

Date:
 

Date: __
 

Date:
 

Date:
 



Appendex A
 

Estimated Budget for the Period April 1, 1979 through March 31, 1980
 

Category 


I. Salaries
 

Math Statisticians 


Frame Construction
 
Supervisor 


Area Frame Technicians 


Administrative and
 
Secretarial 	Support 


Subtotal 


11. 	 Travel
 

USDA-International 


USDA-Per Diem 


Domestic Field Travel 


Subtotal 


I1. [quil.tent and Supplies
 

Maps and Photography 


LANDSAT Products 

Frame Supplies 

Subtotal 

IV. 	Space and Facilities 


V. 	Overhead 


Total 

U.S. C.R. 
Contribution Committed(U.S. 	 $ Equivalent) 

5,100 	 -0

-0- 8,000 

9,000 24,000 

00- 5,000 

1TMIW 

2,100 	 -0

2,500 -O

-0- s,00 

4
 

--0./ 25,000 

L000 -0-

N0- 1,000 

00- 5,000 

5,175 so

25767F 

J/ Available from existing Area Sawling Frams Project. 



Appendix B
 

Area Frame Specifications for Project Completion 

Stratum number and map (photo coloration) used to delineate the several
 

stratum as defined below:
 

Stratum Definition 

01 
(Purple) 60-100 percent cultivated for crop production. 

Target, about 80 percent. Include tree crops. 

Other crops will include sugarcane, rice, beans, 

corn, vegetables, etc. 

02 
(Bright Blue) 30-60 percent culttvatod for crop production. 

Include tree crops. Other crops will include 

sugarcane, rice, beans, corn, vegetables, etc. 

03 
(Orange) 1-30 percent cultivated for crop production. 

Will Include pawture (gra:ing) land and land with 

04 
(gri) 

a low (targtt 15) percent of cultivation. 

Non-Agricultral- Ind 

No visible cropland or agriculture of any kind 

(including grazing). Exaimples would be coastal marsh, 

swamlps, lava fields, twuntatnm above troie lint., canyons, 

national par[% and military land whert no agrlculture It 

permitted, 

(Grwe) 	 Cilie% and town, - Populatiph dentity of or nor* 

dwellinqs per scuarP i1iltieter, Thll would t* dotrmlned 

from etithor quad maps or th photgrephc moscic primarily 

photographs. Th# :0lo or morewould bo uswAlly 1: 



Stratum Definition 

city blocks. There should be no agriculture in 

this stratum or else the town would go inthe 

agricultural urban stratum (06). 

06 
(ore"a) Agricultural Urban - Land with the required population 

density and number of city blocks but can also contain 

some agricultural land. 

07 
(Dark Blue) Wter- Lakes, natural and man made, major rivers. 

Stratum Mininu size for stratum block (inki2) 

01 1
 

02 2
 

03 6
 

04 8 

Os I 

06 I 

07 I 

Boundaries - priority 

&rail - twh weihout and mowment are unlikely 

n - for draintg and irrtiation 

rvqrl - of con inous annual flow 



Use field boundaries, minor ttreams and other visible features when
 

boundary dilineation is required and no priority boundaries exist.
 

Note: County, agricultural region, and province boundaries will be honored.
 

FRAME UNIT (COUN4TY UNIT) SIZE
 

Itratum DsrdSize Lim ZifD.Sia 

01 4-6 1 -9 

02 7 - 11 2 - 16 

03 22 - 32 6 - 48 

04 30 - 42 8 - 64 

05 2-6 3-8 

06 2-6 11-8 

07 any size Is to any size 
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Par I
 

11()'?April 12. 1176 3M2 fIAOOO ,ApS 

A 
I(&); tons $7.. 121(} IF Yes, agricultural comodities 

1,,,. ilv flow a result No offectnro,',,llo" ,W l as b)
effoti o ovt oCt will encourage c) encourage use of agricultural cooperativeseffrtsof he ounryto; (a) increase 
the flow of tntertional tre.oi (b) fot. d) No effect e) Yes, imrove agricultural 
tor private inltiatlve aed COMOtMID"i efficiency f) No effect 
(c)enCourage developmnt and vie f
 
couurtives, credit unlons. and savings

And loan alsociationst (0) discourage

Wootistic practices (e) Imonve
 
tecMical officlency of Industry, agri.

culture ano comece; end (f) strengthen

free lowr union.
 

,F! So , #01(b), Infonation and Can. Output to better agricultural Inforuation 
CIV600 on 0pr0 ect will encourag in LDC's dependent upon U.S. food &rains. 
U.S. private trade and Investment 1:06d Shortages viii encourage U.S. agricultural
and encourago private US. prticipation comnodity exports.
I fore"gn illis ce rogra§4 (Including
 

Vie of prtvott trdo ca4nnell nd thle
 
services of U.S. privets enterprise),
 

11 FAA $#c. 41110); W. ) , Decribe Project Agreemenovith each coustry$ to ulk~fq W 41wro tht, to theO 

asi'wp tteat possible, the country Is spell out host country funding araaments. 
Contributing IOCal currencies to not 
t'e Co t Of COntrKtial 8A1 Other 
serv'ce, #r4 foreig~n currencies OW40 
by the U.S, are 1011led to meet te cost 
of contractual and 0"'e" erfvices. 

10, FAA2Jc 1iiL. Ds the U.S. Ow 51C"S NA
 
fi~i crec0 #Pif to aftt errange


mets 'move been W400 for' its rot*W 

11,13A 1. Au anV FAA ,JW J.'m FY If NO
 
i t A PWj a 4 U0.. opma.
 

064AUi4A, fit &Wp14 4
W.e.04-M ia""
 
Cu. 094 MUA" St m
IA 04 cnd 

*OVIA CD#iASW
 

5.U CIA(UIA meS *MICINGM 

I, DeVvloht Aasiace Project Criteria a) Project will employ up to 20 smi-skillod, 
to collectunderemployed in rural village 

[( *At to ,A C%OC%1V1, Wil too e4K-" ground truth information. b) MA 

tively involve time Oe' in devoloponS!
by ost#Pnd4 atCces to 0COACIRY at lOCal 

51A n.itAlvl"level. inCe'uhng #0 pro. 
octIon, lpreain4Invfsmtat out frop 
cities to pall tooml Ind rural areas; 
Ind (b)help develop cDOpAtivei,
 
esoocielly by technical allis€tcl, tO
 
astillt rir i
CR0 VetWe0 to hel
 
the"Omlves toward better ife.l and Other.
 
wilt tacOufiy dooocratic IWIVIt And
local 9O 'N"M$l iftsittIVI0? 
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b, FAASl i, i03, 123A, 104, 12,1i1t 
b.l I i ass it nce I ngl n o*t4t only i9lc)al. li iVi11 iti9--

L.* $. o .-- il9WCorr"olaodt to 
sourts of funms used. If "ro than 0M 
fund wou $ is used for Projct, incliio 
Plelvat JlqrOT iP fi sall fund svcrs] 

(1) C103] for agriculture, rural diveolop 
wt or amtiti@l0 if O, extt5 to 

cli activity It wi0cficallyi 
designd to InCiae@ viit 
c4 Incom Orl P 0 3A
if for lwicullunli research, Is 
full ac0ot taken of nee"S of iall 
farmers I 

a) Information derived ftom this 
project used to assure small 

timer on equitale inis frps 
his crops. 

(1) 1061 for pop1latn lirming or 
4illthi if to, #ento t@ which 
activity tleos lwCost. imltr0ted 
4livory sysiti to Yi@eO hlu 
aim featly nla"Inntg smvv o 

osia16llY to r.rl orw and ow I 

(3) (ti5 for education, oublic 0i1n. 
istretion. or I reOoce 

40votl011 l If so, wount tO tIM04 
activity ItrEolthoml nOnfoml 
education. wakes fem'l eduction 
WI foltvt, eKilly for rte) 
fatiltl i vrR POOr, 4V 
iltn ell mAR t CAiWiMitY 
of iftstitylttioa olt uIq tA iOr to 
participate in 4tvol.pnti 

(1) 0063 for toclwnical assisUici,an ely. 'usacii, fc iCtnl ioA, 

ais ioIcd dvol@ommt problo 
it is0,exW5 activity it: 

(a) technical cooeeatin aid develp
meOn. especially wit U.1. private 
Am voluntry, o regionIl li Intor. 
national dieo!tmeat, o""11411in 

I) to #e4 alleviat1 iwu "iSlo 

ic) rebeorca into, i4d la46tion of, 
oiaic ftvolopnt ""UCI"t indtKlintti I 

(S) rocoItntioairs"$e 4164illwi afteritatural o 

(0) for ilocial Sevelooment blm, 
id to on 0leDrew utilitlien of 
larilto' U.S. iafrastrVctire. #t.4 

f) Prowram" of urban eqvtlopeot, 
mllululy smlli loe.int~t4mois 

eteOW441s, warming sys4ms, si 
finecitl or otido Ititttio0 ta 
4lt Vw ow lOVNrtiiRto 14 

woaiqw'c #IP social sovolosmont. 



Part I 
MCa)s4 ort1 gT now*, moew AIONADMSOOK 3, App 5C 

sIb 

(5) [107] by grants for coordinated 
private effort to develop and 
disseinate intermediate technologies 
approrpiate for developing countries. 

W, Sic, Not. t"- ;0{t). Is the 
recipient country wling to contribute 
funds to the project. and inwhat gunner 
Pas or will itprovide assurances that it 
will provio at least S of the costs of 
the program, project, or activity with 
respeCt to waC the assistance Is to 6e 
furfihIod (or has the latter cost.sharing
requiromet be"s waives for a orolatively 
e st-oevelooed" lcountry)? 

Yes. Through project agreemants. memoranda of 
understanding, and budlet approvals. 

4. A S.I 11b. Will grant capital 
assijTIc e01T r led for project over 
Port than 3ytors? if so, has justifi
cation satisfactory to Congress beeswie. 
#hnd efforts for otir financing. x 4. 
im W.SD4MC cUA4 046WU4 £U"' 

No 

I. FAA S: 107 Sec. I , latent towatich tilliltuac4 t "FI(octs S;PIWItoO 

eOsis On; (I) ecovlg dele"13mt 
of crGatic a.ono.c political, aIM 
Slocil institton (Z self-helpi !A 
1eetial e4olteu's fool nw si (31 
Ie1"Oviag avi!llbi.ity f tlned wOr . 
power in the covatryi (i) ppoerieswaI 
oeet' to Pet the co0-t-'s ealth 
es, (1) otar leporunt areas of 

oKoweit. political, aP4 socialevl* 
"Mt, Inclo4ill laevitry6 tree labor 
4"104S. coopCOOtives, ond Volqi'Ury 
Aqercies. trmn4SWttio and conlca. 
tioi la i and PubliC oemintrtio I 
coaistevilope t, 4 ntealt!o of 

inta t%# FOCipent covtry s ntIoWl 

1) None 

2) Fullest extent. Allows countries to plan 
for food needs by having adequate crop 
statistics. 

)ec r 
3) .ing and agriculural lt l

ticians In countries must be employed for 
this project. 

4) Ne 
5) None 
6) Many underemployed remote sensing 

professionals are woen and this project 
Intendh to use them. 

1* !,AAIm Il.{ Describe 1tet to 
wnic ipeiflooinie s t a rticular* 

0ne0ds, 414SIreg and caPIC11ties Of the 
tw it of rovtiuti401es the 
coVfltpy site llo esou'ovcet to 
encourage institutionIl etvtlonoti 
a01110lnSSr Civic fouotion aP4 training
In $bills etirW for effective oartici. 
pation 'A gVermfions and elitlical 
proces essetial to se1f-0verlnt, 

Project recognitse the food needs of 9 LDC's 
and will cequire the best scientific minds 

in the later, more advanc*4 phase. 



81 

Part I 

AIDHANDOOOK 3, App 5C 3.22 April 12, 1978 

g. F Set. 20(b))(4and - () Se¢. 
01(e)a Sec*211(a)(11-(31 and- . Does 

the activity give reasonable promise of 
contributing to the development: of -
economic resources, or to the 1ncrmase of 
productive capacities and self-sustaining 
economic growth; or of educational or 
other institutions directed toward social 
progress? :s it related to and consis. 
tent with other development activities, 
and will it contribute to realizable 
long-range! objectives? And does oroject 
paper provide information and conclusion 
on an activity's economic and technical 
soundness? 

Project has been designed to fit into 

priorities of AID issions and host 
countries. It's goal is improved 
food planning. PP includes 
information on economic and technical 

soundness. 

h. FAA Sec. 201(b)(6); Sec. 211(a)(5), 
Information and conclusion on possible 

effects of the assistance on U.S. economy, 
with special reference to areas of sub
stantial labor surplus, and extent to 
which U.S. comodities and assistance 

. 
Assures optimal export of-U.S. grains 

under PL 480.Food for Peace Program. 

are furnished In a manner consistent with 
improving or sifeguarding the U.S. balance. 
of-payments position. 

2. Development Assistance Project(Loans only) Criteria 
NA- not a loan 

a. FA Sec. 201b)(1. Information 
and Eonclusion on availability of financ
ing from other free-world sources, 
Including private sources within U.S. 

b. FAA Sc.I20(b)(2); 201I. Infor
maticn and conclusion on tilapacity of 
the country to repay the loan, including 
reasonableness of repayment prospects, 
and (2)reasonableness and legality 
(under laws of country and U.TS.) of 
lending and relending terms of the loan. 

c. FAA Sec. 201(e. If loan Is not 
made pursuant to a multilateral plap, 
and the amount of the loan exceeds 
$100,000, his country subitted to AID 
an application for such funds together 
with assurances to Indicate that funds 
will be used in in economically and 
technically sound manner? 

d. FAA S$c 201(f), Does project paper 
ditcribe how projet will promOte te 
country's economic development taking 
into account the country's human and 
material resources requirements and 
relatiotship between ultimate oblectives 
of the project and overall economic 
development? 
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e. FAA Sec. 202(a). Total amount of 
money under loan which isgoing directly 
to private enterprise, isgoing to 
intermediate credit institutions or 
other borrowers for use by private 
enterprise, isbeing used to finance 
imports from private sources, or is 
otherwise being used to finance procure
ments from private sources? 

f. FAA Sec. 620(d ). Ifassistance Is 
for any productive enterprise which will 
compete in the U.S. with U.S. enterprise, 
isthere an aareement by the recipient 
country to preveit export to the U.S. of 
more than 20% of the enterorise's annual 
production auring the life of the loan? 

3. Project Criteria Solely for 
Supportinc Assistance 

Security 

NA 
A. FAA Sec. 531. How will this assis
tance support promote economic or 
political stability? 

b. FAA Sec. 533(c)(. WZ a&A44t.aAcx 

undiT~ th u.-3LetAnAt~A6L. Spec.ta 
Requ~w'utz Funtd be c 6o~4 m4LLt&W, 

4, Additional 
ro-ores$ 

Criteria for Alliance.for 
NA 

[Note: Alli-nce for Progress projects 
should add the following two items to a 
prolect cnecklist.] 

a. FAA Sec. 251(b)(1), -(8). Does 
assistance take into account principles 
of thr Act of Booota and the Charter of 
Punta del Este, and to what extent will 
the activit', contribute to the economic 
or political integration )f Latin 

merica? 

b, FAA Sec 25l()>'!); F51(h.ror 
loans, has there beer taken into account 
the effort nade by recivient nation to 
repatriate capital invested in other 
countries by their own citizens? Is 
loon consistent witn the findings and 
recommendations of the Inter-American 
Coiimiittee for the Ali lance for Prooress 
(now "CEPCM." the Permanent Executive 
Cowittee of the OAS) in Its annual 
review of national development activities? 
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SC(3) - STANDARD IT.IE CHECKLIST
 

Listed below are statutory items which normally will be covered routinely in those provisions of an
 
assistance agreement dealing with its implementation, or covered in the a !eement by exclusion (as
 
where certain uses of funds are permitted, but other uses not).
 

These Items are arranged under the general hcadirgs of (A) Procurement, (B) Construction, and
 
(C) Other Restrictions.
 

A. 	Procurement
 

1. 	FAA Sec. 602. Are there arrangements to 
permit U.S. small business to participate 
equitably in the furnishing of goods and 

services financed?
 

2. 	FAA Sec. 604(a). Will all commodity 

procurement financed be from the U.S.
 
except as otherwise determ*.ned by the
 
President or under delegation from him?
 

3. FAA Sec. 604(d). If the cooperating 
country discriminates against U.S.
 
marine insurance companies, will agree
ment require that marine insurance be
 
placed in the U.S. on commodities
 
financed?
 

4. 	FAA Sec. 604(e . If offshore procure-

ment of agricultural commiodity or
 
produu:t is to be financed, is there
 
provision against such procutement when
 
the Jomestic price of such : rodity is
 
less than parity?
 

S. 	FAA Stc. 608(a). Will U.S. Government 

exce, personal poperty be utilized 
wherever practicable in lieu of the
 
procur.'ment of new Items?
 

6. 	WMA Sec. 901(b). (a) Compliance with 

requirement tnat at least 50 per centum 
of the gross tonnage of commoditieo 
(cOnmjted eparately for dry bulk 
Carriers, dw'y cargo liners, nd tankers) 
financed shall be transported on privately 
owoed U.S.-flag commercial vessels to the 
extent that such vessels are available 
at fair and reasonablt rates. 

7. 	FAA Sec. 621. If technical ossistance 
is financed, will Such assistance be fur. 
fished to the fullest extent practicable 
as goods and professional and other 
services from, privote enterprise on a 
Contract basis? If the facilities of 
other Federal agencies will be utilized, 

To 	a limited extent - feasibility studies 
for phases 3 and 4 of project open to 
small business competition.
 

Yet
 

NA 

NA
 

Yes
 

yes
 

US. Dept. of Agricultural assistance in 
acquisition of crop statistics. USDA has 
sole charter in U.S. for this service, 
and thus will not be competing with U.S. 

private nterprle when performing this p. 
project in l.DC's. 
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competitive with private enterorise, 
and made available without undue inter
ference with domestic programs? 

8. International Air Transport. Fair 
Competitive Prac:ices Act, 1974 Yen 

If air transportation of persons or 
property is financed oi grant basis, will 
provision be made that U.S.-flao carriers 
will be utilized to the extent such 
service is available? 

B. Construction 

1. FAA Sec. 601(d). If a capital (e.g., 
construction) project, are engineering 
and professional services of U.S. firms 
and their iffiliates to be used to the 
maximum extent consistent with the 
national interest? 

NA 

2. FAA Sec. 611(c). If contracts for 
construction are to be financed, will 
they be let on a competitive basis to 
maximum extent practicable? 

3. FAA Sec. 620(k). If for construction 
of productive enterprise, will aggregate 
value of assistance to be furnished by 
the U.S. not exceed $100 million? 

C. Other Restrictions 

FAA Sec. 201i(d). If development loan, 
TS interest rate at least 2% per annum 

during grace period and at least 3. pe
annum thereafter? 

NA 

2. FAA Sec. 301(d1. if fund Is established 
so lely byU.7 . contributions and adminis. 

tired by an international oroanization, 
does Comptroller General have audit 
rlohts? 

NA 

3. FAA Sec. 620(hK. Do arrangements 
preclude promoting or assisting the 
foreign aid projects or activities of 
Communist-Bloc countries, contrary to 
the best interests of the U.S.. 

No 

4. FAA Sec. 636(), It financing not per. 
mitted to te used, without waiver, for 
purchase. long.ter. lease, or echarge 
of motor vehicle manifactured outside 
the U.S. or guaranty of such transiction? 

Yes 
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5. Will arrangements preclude use of 
financing: 

a. FAA Sec. 114. to pay for performance 
of abortions or to motivate or coerce 
persons to practice abortions, Zo pay 604 
peA604an~c~e c6 4fOiAvona4 jtzfiLj__ain,
04 to coe.,ce oft ptwu4,de 64aAt 4'AuieentZVCu 
to aUY P to potct-ce atvLZizatYon? 

Yes 

b. FAA Sec. 620(g). to compensate owners 
for expropriated nationalized pi-operty? 

yes 

c. FAA Sec. 660. to finance police train. 
Ing or oter law enforcement assistance, 
except for narcotics programs? 

Yes 

d. FAA Sec. 662. for CIA activities? Yell 

r ARZ..3. to pay pensions, etc., 
r ltar peronnel? Yes 

f. App. Sec. 105. to pay U.N. assessments? Yes 

V. App. Sec. 106. to carry out provisions 
of FAA"ctions 209(d) and 251(n)? (trans
fer to multilateral organi:atlcn for 
lending). 

Yes 

h 
Qinu~ 
@k4 !~~ 

CQ4VI~ 
~.' 

CE.Sto 64oiiAe tbieot 
cAud. 0'%UtJuwtgY 

~oCoa ' 

yes 

4. App. $,: 501, to be used for Publicity 
OP propaganda purposes within U.S. not 
suthorized by Congress? 

YOI 
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SC(l) - COUNTRY CHECKLIST 

Listed below are, first, statutory criteria applicable qenerally to FAA funds, and then criteria
 
applicable to individual fund sources: Development Assistance and Security Supporting Assistance
 
funds.
 

A. GENERAL CRITERIA FOR COUNTRY
 

1. FAA Sec. 116. Can it be demonstrated 
tha~ contemplated assistance will directly 
benefit the needy? If not, has the 
Department of State determined that this 
government has engaged in consistent 
pattern of gross violations of Inter. 
nationally recogtized humin rights? 

2. FAA Sec, 481. Has It been determined that 
the government of recipient country has 
failed to take adeouate steps to prevent 
narcotics drugs and other controlled 
substances (as defined by the Compre
hensive Drug Abuse Prevention and Control 
Act of 1970) produced or processed, in 
whole or inpart, in such country, or 
transported through such country, from 
being sold illega1ly within the juris.
diction of such country to U.S. Government 
personnel or their dependents, or from
 
entering the U.S. unlawfully? 

. Sec, 6201b). Ifassistance Is to a 
governmnt, hsi the Secretary of State 
determined that it Isnot Controlled by
the International CosM'ulst movemet? 

4. FA $#C, fZQ(C). Ifassistance isto 
gOvo"nian: is the qoverent liable as 
debtor or unconditional guarantor on any 
debt to a U.S. citizen for goods or 
services furnished or ordered where (a)
such citizen has exhausted available 
legal remedies ad (b) debt is not denied 
or contested by such government? 

S. FIAA SC . (1). If assistance62je) isto 
ia overomnt, has it (including "orerment 

incis or subdivisions) taken any action 
which his the offtct of ationalizIng, 
exprooriating, or othe'wise se!ing
ownership or control of prooerty of U.S. 
citizens or entities bweeficially owM 
by th4 without taking slteD to discharge 
etsi oblati toward SUCh ctizes or 

Benefits mostly indirect, in tbhatmproved
agricultural information can lead to 

constant agricultural inventories and 
stable prices. At the micro-level,
knowledge of crop status helps needy
obtain bank loans, using crop as col

lateral.
 

No 

Yes 

Yes
 

NO 
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6.FAA 	 Sec. 6 , 620(::; App. Sec. 107. No. No. 
Li I -.r*r4iAt cowntt a 2OffmflWL4.

zowlty? wZiiZ azizitance oc piov..ded
 

Cmboodia, LaD.6, CL., Uganda,
 
Mozambiqu.e, or. AngoZa?
 

7. 	 FAA Sec. 620i. :s ecipient country in A) o b) N
 
any way involved in ,a)subversion of, or
 
military aggression against, the United
 
States or any country receivinq U.S.
 
assistance, or 'o)the ilanning of suc
 
subversion or aggression?
 

5. 	FAA Sec. E20(jl. Has the country per
mitted, or fai led to take adequate No.
 
measures to prevent, the damage or
 
destruction, by mob action, of U.S.
 
property?
 

9. 	FAA Sec. 620(l). If the country has
 

failed to institute the investment NA
 
guaranty program for the specific risks
 
of expropriation, inconvertibility or
 
confiscation, has the AID Administrator
 
within the past year considered denying
 
assistance to such government for this
 
reason?
 

10. 	 FAA Sec. 6201(r&; rishernen s Protective 
Aqt, Sec. 5. 'f cou,.t-y as seized, or Not known for all 9 countries Jamaica, Dom
imposed any penalty or sanction aoainst, inican Republic, Costa Rica, Ecuador, Bolivia 
any U.S. fishing activities in inter- Morocco, Indonesia, Thailand, and the 
national waters, Philippines. 

a. has any deduction required by risher
men's Protective Act been made?
 

D. has corplete denial of assistance
 
been considered ty AID Administrator?
 

11c. A Sc. q); App Sec. 503,. (a) Is a) Not known b) Not known 
th government of the recipient country
 
in default on interest or principal of
 
any AID loan to the country' (b) Is
 
Country in defAult exceediny one year on
 
interest or princial on U.S. loan under
 

program for wmich App. Act appropriates
 
funds, vnles$ debt was earlier dlSpute-,
 
or alproprlate steps tsken to cLre default?
 

It. FAA $%, Ojs, "If contemplated mi5t- NA
 
unce is evel opent loan (includlng Alli
ince loan) or security supporting assistance,
 
ha1 the win1strator taken into account the
 
przontage of the country's budgwt which IS
 
for military expendItures, the aimount of
 
foreign exchange spent on military equipment
 
end the amount spent for the purchase of
 
iODphlSticatd weapons systems?" (An
 
affi mattve answer mady refer to the record
 

of the taking into account. ..g: "Yes IS
 
reported in annual report on implw ntation
 
of Sec. 6:0(1)." This report is prepared
 
at the timte of approval by the Administra
or o0 the Operational Year Budget,
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Upward changes in the Sec. 620(s) factors
 
occuring in the course of the year, of
 
sufficient significance to indicate that
 
an affirmative answer might need review,
 
should still be reported, but the statu
tory checklist will not normally be the
 
preferred vehicle to do so.)
 

15. 	 FAA Sec. 620L). Has the country severed 

diplomatic relAtions with the United
 
States? If so, have they been resumed
 
and have new bilateral assistance agree
ments been negotiated and entered into
 
since such resumption?
 

14. 	 FAA Sec. 620(u). What is the payment
 
status of the country's U.N. obligations? 

If the coun.ry is in arrears, were such
 
arrearages taken into account by the AID
 
Administrator in determining the current
 
AID Operational Year Budget?
 

15. 	 FAA Sec. 620A. Has the country granted 
sanctuary from prosecution to any indlvi. 
dual 	or group which has comrmitted an act 
of international terrorism?
 

16. 	 FAA Sec. 666. Does the country soject, 
on basis of race, religion, national 
origin or sex, to the pre.ence of any 
officer or employee of the U.S. there 
to carry out economic develocnnent program
 
under FAA?
 

17. FAA Sec. 669, 670. HdA the CCuA~ty,Z•tfA iqua 1977, d.tcve.A,., o,l 3, 

ULeA u tM ChmCML 'ttPLCCA6tUC.ZCL OIL 
&An9 cqu,.pment, mtcA~A&, c' ci. w q 

9,- aAd 7h 4t de~tonate.cd a uta 
dCV4u.. a4WL Au~ 3, 1977 a.Wwugh pW.C 
d "nudam-*wxpen C.ttt" wiA the 
rAonP~wtL4.C4 ~.4t4a24t 

It. 	FAA Sec. 9M1. Has the country denied Its 
citizens the right or opportunity tO 
@migrate? 

5. 	FUNDING CRITFRIA FOR COUNTRY
 

1. 	Developmnt Assi'tance Country Criteri 

aC.F 10(C), id). Have criteria 

tron ,stjilisihed, and taken into account, 
to assess commitment and progress of 
country ineffecuively involving tme 
poor In development, on such indexes at: 
(!.) 	 small-formn lt,)or tnton$1vo &;ri. 

culture, (2)reduced infant mortality, 
(3)pOpulation growth, (4)equality of
 
InCOme distribution, and (6) unemoloyment.
 

April 12, 1978 C()3 

No
 

Not 	known
 

Believed not 

No
 

No
 

No 

Yeo by AID missiou 

http:rAonP~wtL4.C4
http:de~tonate.cd
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b. 	 FAA Sec. 104(d)(1). I o-Pp wPiAit, 
4: &J de23pmWt ninuod4( g Sahet) Yes, for agricultural production 

act.viy duigned to bu.iZ motivai.on 6o4 
.ma-fte 6a miL. in pogwft 4uch U educd
Ci~on in and out oJ .6cnoot, nut~..Zi.on, 
dae cc nzwL, nateusat and ck~h.eA sAW ae~v .c, aqottcuttu.a: 	 p~wdw~t'on, 

devuetopment, and aL&.6t,ne. to u~ban pooa? 

C. 	 FAA Sec 201(b(5), (7)& (8); Sec. 
208; '217aS(4), ' Describe extent to
 

which country is:
 

efforts to increase All nine countries are presantly striving(1) 	Making appropriate 
for crop statistics.food production and improve means for for field area frames 


food storaae and distribution.
 

(2) Creating a favorable climate for
 

foreigr, and domestic private enter- All nine countries encourage private invest
ment in their resources.prise and investment. 

(3) Increasing the Public's role in the
 
Not known in all countriesd velopmental process. 

development activities(4) 	 (a) Allocating available budgetary Most are expanding 

resources to development.
 

are not excessively purchasing(b) Diverting such resources for All countries 
unnecessary military expenditure and military arms at the expense of economic 

of other free 	 development, and none are meddling inintervention in affairs 
the affairs of other countries.

and 	 independent nations, 

(5)Making economic, social, and political
 
in 	 Latin America, whichreforms such as tax collection improve- Even those countries 


ments and changes in land tenure have had military regimes (such am Bolivia),
 

arrangements, and making progress 
toward respect for the 	rule of law, are moving toward free elections in the 

the press, next six months.freedom of expres ion and of 
and recoanivlzn the importance of
 

individual OreeOom, initiative, and
 
private enterprise.
 

(6) 	 Otherwise responding to the vital All are effectively moving toward self help; 
economic, political, and social con- this project is a cooperative effort. 
cerns of its people, and demonstrating 
a clear detefrinstion to take effective
 

self-helP measuret.
 

d. 	 FAA Sec, 01 211a. Isthe Not known. Believe Indonesia and Bolivia 
country 	among the Z countries in whiCh my be two.
 

loan. fay be adde
development asl)stance 

In this fiscal year, pr amorg the 40 in
 

wntiCh development a5iiitance nrnts
 
(other than for sel#.help proleotS) may 
be Nade? 

F S - 1'. will country be No
 

PuisneO. in same f.itrs' yosr, either
 

security suopvr" ,g ssistance, or
 

fundS? If so, W.Middle Last Pe*te 

O* JiU., oi it 4i$1stancs for populatiOn
 
interproqrams. umnitsrian ai through 


national orjni:tionm, or regional
 

programs?
 

http:nut~..Zi
http:motivai.on
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2. Security SupportinQ Assistance Country 
Cri teria NA 

a. FAA Sec. 502B. Has the country 
engaged in a consistent pattern of gross 
violations of internationally recognized 
human rights? Is program inaccordance 
with policy of this Section? 

b. FAA Sec. 531. Is the Assistance to 
be furnishea to a friendly country, 
organization, or body eligible to 
receive assistance? 

C. FAA Sec. 533(c)(2). WiULL a a44tic 
U~e h ot Tk'bAzaA Spec4..At RequLWL-
mu.Za 6und be pw%'.'Zded to Mozambque, 
AngoL4, TOat.n..u, o 'amb.(a? 16 o, haA 
P46.~4CAt dettcn.ned oand tepo.te~d to the 
Conq4L46I tCiwat zuh ai4 .sta~tce "U 6uitheA 
U.S. 6OM.A.9. poL44cU '-t"L~ 

d. FAA Sec. 609. If commodities are to 

be granted sc that sale proceeds will accrue 
to the recipient country, have Special 
Account (counterpart) arrangements been 
made? 

C. Ar. See. 1 3. Wt aetAity a.U5z-A* 

4.4ng1 d4,-ccttL the e66ttz o6 the qOvCAA

4C(n.tO APLV.OwvCA06 the ~.PAL.W. 06c 

.AsCh couw~,% conLOAt to the Un..vCA64L 
VCCULAa.4n Oj mWYmJ149itz? 

4,FAA Sec. 6"08. WALL t 
aA,44~ne e uv'"iA&ned 

aLCuA S9tCibtA 30, 1971? 

X4tCV JupVOUL
tc MAqinZZA 


