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I. Project Summary and Recommendations
A, Summary

The Remote Sensing for Agriculture project intends to carry om a
crop production estimation program started under Remote Sensing for
Resource Assessment project, 931-1166. The crop estimation program con=-
gists of four phases, which are described in this project paper under
I1.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
completed this phase under the PASA. This Remote Sensing for Agriculture
project is to carry out phases 2 through 4 and, i{f necessary, to complete
phase 1 in those countries just beginning to initiate crop statistical
procedures. [t 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
wvords, for countries already technically equipped, phases 2-4 can be
carried out in parallel to finishing up phase 1.

Nine countries (Costa Rica, Dominican Republic, Jamaica, Bolivia,
Ecuador, Morocco, Thailand, Philippines and Indonesia) have been selected
to participate {n a four phase Remote Senaing for Agriculture project.
The capabtlity for =ach country to carry out the four phases of the
project {s asnesned and based on thin data the capability of LDCa in
general to carry out the four phases of the project i{s given,.

All nine countries have high interest and motiva.{ion and acceptable-

to-good capability of carrying out Phases 1 (Area Frame Construction)



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
neeessary 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 Dominicar. Republic--thers is high
interest in this phane along with some capability in the country.

Before a commitment to Phames 3 or &4 {n any of the courtries can
be made, feanibility analyses are required both in the country and in
the U.S. to define the exact form the computer clamsification phanme

should take, and the details of agricultural-meteorological modeling.



It 18 clear that in the introduction of these technologies to the
developing world, a long-term view nust be taken. Effective introduction
of Phases 3 and 4 demands that Phases 1 and 2 be introduced, including
an objective yleld survey technique. In most instances at least several
years experience with area frame tecanclogy 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 1s 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 sa@ple of these countries.

The purposes of this R&D program would be to assess 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 {n the field enumeration phase
and through providing a larger sample for objective yield measurements.

Finally, in order to tranafer what appears to be an important appli-
cation of remote sensing for crop monitoring to the greateat 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 sympoania which have, as a basic theme,

the use of remote sensing technoloyy for the monitoring and assess-

ment of crop status for the purpose of crop production euantimation,

These syaposia would {nclude the l6th International Symposium on

Remote Sansing of Environment if held in an LDC.



2. Training of LDC remote sensing technicians in the U.S. for
countrics 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
that,his (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 is an assistance tool appropriate for LDCs. Attempts
will be made to fit the project within the data collection require=-
pents of USAID missions in their ongoing agricultural development
projects (this fit has already been {dentified by the miasions

in Jamaica, Dominican Republic, Costa Rica, and, to a more

limited extent, Morocco).



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 Republie
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 ) for:

Coata 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 completed before Dec. 1, 1979,
Comritment to appropriate Phase 3 before March 1980.
Work on Phase X (training, vesearch softvare developwent,

provision of hardware, {f needed) to proceed in parallel with
Phasesl & 2,



«= Detailed pre-feasibility study for introduction of Phase 4
with anticipation that a limited Phas: 4 experiment and
development project would be introduced for each of the
following countries:

Morocco (confined to small grains)

Dominican Republic
and/or Jamaica (confired 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, {f needed) to proceed in parallel

with Phages 1 § 2

If feanibility studies reveal that it is not appropriate to
conduct Phases (3) and (4) {n a country, then the add{tional funding
freed by not conducting these phasesa should be used to {nitiate the
area frame sample development (Phase 1) and ficld enumeration (Phase 2)
in one of several countriea which have requested thia project, but the
request fur which AID/W DS/5T cannot honor Jue to funding limitationa,
Those countricee requesting this project, and not {ncluded in this PP,

are: Tanzania, Tuniata, Bangladesh, Nepal, Indla, Kenya and Sudan,

The reader ie referred co Annex | for the Individual Country

Profiles.



II. _Proijact Background and Strategy

A. Project Backqround

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
continvous surveillance, as agriculture. Crops are dynamic,
their growth and states change wuekly, far too frequently to
measure by a single-stage approach such as alrcraft or field
teams., Food =2vailability and prices fluctuate as crop status
changes, durinqg the growing season, prior to harveat. The
knowledge of crop status is the product of this project.

Crop information is the backbone of U.5. fcod policy.
Informaticn, not only of U.S5. crops, but even more importantly,
of Canada, Lurope, the Soviet Union, India, China, Australia,
brazil, and Argentina, determine the price we pay for all
food {tema--from a loaf of bread to a head of lettuce,
Although not well known, it affects our entire PL 480 program
to LDCs.

In addition to the impact which U.58. and other indus-
trialized nations’' crops have on LDCs, however, the crop
atatus of the LDCas themselves affaect thelr deciaions re-

garding the food rescurces for their people. Although it



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 produciion.
Almost every nation, LDC and, industrialized, makes some
atterpt to survey existing crop status for the purpose of
predicting production prior to harvest. 1In 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 terms of coverage, efficiently acquired,
and effective {n terms of impact on decision-making,

According to Kikler, Annex 4 - The LACIE Symposium, fewer

than ten countries of the world (including LDCs and {ndustri-
alized) have sophisticated agricultural collection systems
which contain data possessing one or more of these charac-
teristics. And even more shocking, half of the countries of
the world have elther very aimple asystems, or ncne at all,
and walt ton yeara or more for a full agricultural census
conducted on tha ground. FEven the U,5, Bureau of the Census,
whach 1a conducting full cenuusea in ceooperaticn with amall
lLatin American natlons, requires three years to acquire the
data and three additional years to compile and publish the

informatton. 0ix years obviously do not represent a time



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) 1inadequate technical capability to formulate sound
sampling, and data collection procedures, (3) absence of a
suitable sampling frame, and (4) ,difficulty in quantifying
the benefits of improved information.

Reason (3) is presently being addressed in twelve
countries by an AID/U.S. Department of Agriculture PASA
'see 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.5. Department of Agriculture has been refining
its techniques in collecting crop statistics fcr the last one
hundred years. It realizes that a full agricultural census
was simply too slow in getting timely crcp information into
the public decision-making arena. Thus they resorted to
sampling, hoping that fileldiselected on the basis of existing
maps and "windsbield” surveys (from cars and truvcks) would
be fairly typical of all fields in the countwy., atate, and
eventually the entire country. Dduring the early part of
this century, land uses beqan to change rapidly, as cities
grew and new dry land farming cpened up in the Midwest (setting

the stage for the Great Dustbowl, incidentally). Maps



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 appropriaite
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 collaected.
Yet, even with USDA capital resourcis, aerial photo
mapping kecame too expensive to permict flying the U.S.,
even on a selected tasis. As a result, maps derived {rom
ajirphotos became older and more useless as the years went by.
Thus, when Landsat-l was launched in 1972, the USDA naturally
turned to this source of current image data to derive thelir
maps. Exverimentally, Landaat Multi-fpectral Scanner (M5S)
imagery, with older aerial photography, was used to select
sample fields for the JEL in Illinolad and California,

Accuracies were 8o high (over 9% percent when ccempared 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 Crop 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.S5., 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
LACIE Symposium at the NASA Johnson Space Center in October
1978, Although the conclusion that LACIE was not an appro-
priate technology for LDCs was verified by toth visitors, a
valuable i1dea for combining certain technical components of
LACIE to the labor {ntensive area frame sampiing was born.

In addition, Jimmie Murphy, Director of the USDA Application
Test Sysatem (ATS), colocated at the Johnson Space Conter,
offared his apecial procesaing syatems for AID's use when=-
aver we had an emarqgency situation which might affect crops
tn LiCa with U,5, bilateral assaiatance programa. ATS has a

unique communications link i{nto the NASA Goddard Space



12

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

major recommendation; i.e., that the bulk of the technical
assistance 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 Bergland
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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 OMB by Dr. Paul
on October 11, 1978, The Administrator's concurrence was
given in a letter signed by Secretary Bergland, Administrator
Frosch, Secrotary Kreps (Commerce), Secretary Andrus (Interior),
an. Covernor Gilligan to OMB Director McIntyre dated Sept., 27,
1978. The Interagency Agreement was then siqned by all
parties (after AID/GC review) on Sept. 29, 1978 (see Annex 2).,
The Executive Summary establishing the joint remote senaing

for agriculture program is seen as Annex J. 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 acce,.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 whichare now being carried out under the "Remote Sensing
for Resource Assessment"” project, (2) national estimated,

(3) automatic, computerized classification of selected crop
fields, and (4) crop yield modeling.

Because of the urgency to get area frames built in
twalve developing countries, DS/ST decided to start this
contribution by meana of tho "Remota Sensing for Resource
Assessment” project, 931-1166. A $796,500 PASA (sce

Annex 6) was written with the USDA ESCS on Auguat 15, 1978,



15

which initiated demonstration framés 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 statictically 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 seclect
a sample number of fields (several hundred) which, if surveyed
on the ground, can provide an accurate representation of
national averaqes of yield, crop acrcage, livestock, etc.

The USDA reqularly 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 tc have
been taken over many days, with different atmospheric condi-
tions, different sun and shadow angles, and other diurnal
variations vhich 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 necessary. Thus image manifestations in a country corre-
spond to similar features elscwhere. It is this feature
consiastency which permits one to multiply the sample statistics

gqathered 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 the 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 sample
area. Then by multiplying the total hectares of =2ach crop
by the yield, total production estimates of each crc] are
obtained. The frame is time-ccnsuming to construct (one to
two man-years), but the automa*ic classification cf cropn
hectares permits one to update the predicted totals several
times durirg the crop growing season to take account of

climatic and catastrophi aevents.
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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 contiquous 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 existing in the U.S. and a limited
number of developing countries.

(4) The agricultural-meteorolcgical (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 fiecld as well as remote sensing data from
Land=at, weather, and other satellites are required. The
irportant crop yield of the formula is thus determined,
driving total crop production estimates up abtove 95 percent
accuracy.

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

AA/DS signature on the Project Document Action Form on

August 16, 1978.
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III, Project 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 Auia).
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 acceptahle to good capability of carrying out Phases
1 and 2 of the project. With adequate AID support the nine remaining
countries should be ahle to complete an areu frame and gather at least
one and possibly two years' national agricultural statistics totals
during the life of the project. In the individual country accounts,

each situation i{s spelled out in more detail.

For Phases 3 and 4 (computer clasai!/ication phase and agri-
cultural meteorological modeling phase) no one of the countries s
presently {n a position to introduce the computer clasnification
phase without substantial technical aassiatance, training and con=
tinuous cocperative counterpart training and management., If AID
wishes to accelerate the adoption of tne computer classification

approach {n conjunction with quality ground enumerativn based on



a good statistical design, it will need to make a substantial
research and development ijuvestment in several of the countries.
AID may thereby develop & quasi-transportable approach that may,
with modificatiors, be introduced to other countries. Even though
each country will {1 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-msteorologicai
wodeling appears out of the question at this time. However, for
four countries--Morocco, Jamaica, Thailand, and the Dominican
Republic--there is high intereat {n this phase along with some
capability {n the countrv. Betore a commitment to phases 3 or 4
in any of the countriesa can be made, pre-feasibility analyses are
required both in the country and in the U.5. to define the exact
form the computer classification phase should take, and the
details of agricultural-seteorological modeling.

It ts clear that in the introducticn of theae technologies
to the developing wvorld, a leng-term vievw must be taken, Effective
introduction of phases 3 and 4 Jemands that phases ] and 2 be
tatrcduced, {ncluding an objective yield survey technique. In
BOBt {nstances at least several vears experience with area f{rame
technology and enumeratfon procedutes should be avatlable before
moving into later phases. The wiasest fuvestment of AlD funde with=

out over=promfaing, and without over-commiteent to a4 substantial

research and lfevelopsent program, requires the major emphasis and
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investment go into introducing phases 1 and 2 in aa many of the
countries as is reasonable and feasihle. 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 classi{fication 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 ahow 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
countrices are Nepal, Indila, Bangladesh, Tanzania, Tunisia, Kenya
and Sudan. We need a3 larpge 4 number of countries as podsible to
wvork with the FAO {n eventually establishing 4 crop information
systen benefiting all LDC'a. Only Phase 1 would be {mplemented

under “his expansion to additional countries.
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B. _Economic Feasibility

This project paper requasts §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 1s 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 classt{ficacion and yield model~
ing, rough.y three to four countries will be selected from the
eleven. The criteria for their aelectifon will be: (l) technical
progress {n building frame, (2) expected length nf time required for
country, with USDA assfatance, to complete fleld enumeration for
entire country, (3) government and AID miasfon priority assigned

to crop i{nformation, (4) mintatry of agriculture apparent 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, {f the information is
clasgified, how the host country intends to use this information,

(6) existing remote sensing analysis equipment and computers, as well
as trained personnel, to carry out the more advanced phases of image
interpretation and yleld modeling.

Assuming that four countries are selected for the final advanced
phases, nine countries for field surveys of selected areas, and i{n order
to test out computer analyais for crop acreage and agriculture-meteorological
(agro-met) modeling for yield, the question is whether the requested
$1.4 million 13 sufficient to provide a capability to update estimates
for selected main crops three to four times during the crop growing
season. $380,000 {s designated for phase 2, field surveys (see Section
D.). Since the countries will be selected according to the six criteria
of the previous paragraph, we can asaume that all four countries have
similar capebilitiea, potential, and technical requirements. Thus, ve
can allot roughly 51,000,000 for phases ) and &, or $150,000 to each,
Equipment costs are minimal, since the project intends to take advantage
of exiating computers, It {s envistoned that a desk calculator (33,000~
$10,000) and/or an {nteractive computer terminal ($15,000-3520,000) may
be neceasary to purchase., It may be neceasarv to purchase one addictional
special {mage analvais machine {f tha country {s underequipped. Thia
at most would be in the order of 520,000 to $30,000, Thus $40,000 would
reprasent an average eatimate of equipment needa for each country,

leaving 5200,000 for USDA/contractor technical assistance, cowputer
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softvare programs, 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 atages require
longer TDY times by USDA remote sensing professionals who would generally
have higher salaries than the area frame enumerators, it {s felc 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 shauld also be stressed that almost all countries of the
world, Including the poorest LDCs, are struggling to develop a crop
reporting svstem. Thus, as we have found {n the ten countries which
we are assisting in the area frame sampling, LDCa ge.erally have a
large cadre of ustatisticians, photo 1nterprete;s. field enumeracors,
and a fairly adequate budget to provide their share of this cooperative
effort. As agricultursl minfatries are funded relatively generously in
LDCs, it appeara that this project {s assured adequate participatory
funding levels from the host governmenta, The 3270,000 LDC contribution
representa an estimate of 530,000 in each LDC of participatory suppert,
Thia funding includes salaries of agricultural atatisticiaus, the use of
their mapping facilitien, computer time, office space, four-vheal drive
vehicles for fleld surveys, and others, For a spectific, {llustrative
exanple, Annex !, page 9, Jescriten the in-kind services provided by
Thatland, and the last page shows the hudget breakdown of these farvices,
With the USG contributions dimcussed above, the project is considered

to be economically feawible to carry out,



Yor each country in wvhich we decide not to proceed with advanced
Phasas 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 thds list are Tunisia, Tanzania and Bangladesh,
since there 13 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). These 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. Adminiscrative Feasibility

An earlier phase to the RSA project involves day-to-day management
of Phases 1 and 2 by USDA with general interection/supervision by
C.X. Paul of USAID DS/ST. It i{s antf{cipated that this very satisfactory
arrangement would be continued for the further RSA project, with the
USDA providing TDY personnel and other appropriate persm ., selected
by USDA under appropriate competitive means, {f necessary, for
support to Phases 1 and 2, upgrading and ccmpleting through objective

yield forecanting fort
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Philippines, Indonesia One full management unit

Costa Rica

Dominican Republic One full management unit
Jamaica

Bolivia, Ecuador Onae full management unit
Thailand One full management unit
Moroeco 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 1 and 2 above, therefore only
medest 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

project:

Costa Rica

Dominican Republic

Jamaica

Bolivia

Ecuador

Morocco

Thailand

Philippines

Indonesia

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)

Undetermined,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)

Central Bureau of Statistics
(Phases 1 and 2 only)
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D. _Financial Apalysis

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 pertod August

1979 through September 1981.

1. USDA Overhead
ESCS 18% 252,000
0ICD 7% 98,000 $ 350,000

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

Morocco 50,000
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 $ 380,000

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

Morocco 33.060
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 Republic or Jamaica 20,000 § 60,000
5. Equipmental supplies: 3/ 158,000 $ 158,000
6. Support techniciana & staff 145,000 § 145,000

in U.S.
7. Evaluation and Peasibility

Scudy 90,000 $§ 90,000
8, Symposium 100,000 $__100,000

TOTAL $1,400,000
Includen technical services, travel costs and training of nationals in U.8,

Includen completion of ASF plus 1980 and 1981 Nati{onal survey

Abhout half of the required equipment and aupply {tems have been purchased by
Phane 1 project and (s not {ncluded hare,

For cach country dn which Phamens (1) and (4) are not {mplemonted, fraed funds
will be umed to atart Phase (1) o new LDC.  See Sectton 111 B Eeonomic
Feansibility,
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(D, FPinancial Analysis - Continued)

Supplemental Budget Sheet gbz Phasesz

PHASE 2
1. USDA Overhead
ESCS 200,000
0ICD 80,000
2. Phase 2 in 9 countries
3. Equipmental supplies
4, Support technicians & staff
5. Evaluation & Feasibility Study

6. Symposium
Total Phase 2:

PHASES 3 & 4

1. USDA Overhead
ESCS 50,000
0ICD 20,000
2. Phasu 3 for 4 countries
3. Phase 4 for 3 countries

4, Support Technicians and Staff

§ 280,000
380,000
158,000
116,000

90,000

100,000

$1,124,000

§ 70,000
117,000
60,000

29,000

Total Phases ) & 4: § 276,000

Grand Total :

1,400



29

E. Social Soundness Analysis

1. Beneficiaries: Generally speaking, the beneficiaries of
AID remote sensing projects have becen 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 ag 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 i{n an indirect way because: (a) usually govern-
ments must significantly alter their traditional policy of dealing
with {nformation before the information can affect the resources
available to the poor, and (b) aven when LDC governments Jdo alter
their policy to benefit the poor, it normally requires many years
before the information leada to action which apain may take years

to affact resource distribution. Thums 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 scatus, «nd this
status 1s then used o 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 %o 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 1s sufficient time for govern-
ments to purchagse or borrow more grain on international markets.

(b) USDA, in informal discussions, have pointed out that in
some LDC's, where future crop production uppe;rs to be sufficient
or excessive in terms of the country's needs, P.L. 480 Food for
Peace commoditi{es are doing a disservice by flooding the market and
thereby driving down prices the poor farmer gets fcr hia crops.

In this cage, the U. S. can use the crop statiatics 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 crop as collateral
for obtaining bank loana. Many times the farmer has no wiy of con=
vincing 4 loan off{cer that his crops are in good shape. As a
result, the farmer does not get the loan, or hias loan {r less than

that which his crop status warrants. Crop data collected by remote
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sensing over sun..ll 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, i: 1itself, set actions or avents
in motion. But it can very directly affect events and motivate
actions which contribute to the improvement of human lives and
natural resource and envirommental conditions. With respect to
population gruwth, this project and its orientation to agriculture
affect population growth only very indirealy. 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 {n the form of
Landsat-derived maps, can be combined by host govermments with their
population data to perhaps determine more optimal planning of new
agricultural areas close to consumer demand. It should be noted,
however, that this integration of agricultural and population maps
{s beyond the scope of this project. Several AlD miasions, notably
Jama{ca, Dominican Republic, Costa Rica, and Indonesi{a, are explor-
{ing with econometric models the integration of these forma of daca.
One reason why thosae missionn have elected to participate {n this
project {a that thene modeln are hungry for crop statistics, the oute-

put of thia proponsed 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, has
trained 110 Thai resource planners, many of whom are women, in rcmote
sensing. The Vice Director of Thailand's Natural Resources Council is
a wvoman. 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 traininy and involvement in carrying
out the project. One USDA statistician, Josephine Wallace, will be
particularly sensitive to LDC women particirating in this project

in the Latin American region.

LDC women with bauic skills {n photo aralysis, statistics, and
computer programming will be sou'ht for both training and partici{pation
{n the aggregation of crop statistica, 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
these nine LUCs than that offered by LDC counterpart institutions, AID
and the USDA ha. a unique opportunity to involve a large number of
wvomen in a highly apecialized and {mportant area of acience and tech=

nology in a significantly large sample of the third vorld,
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F. Environmental Analysis

No environmental analysis rsquired. 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.

G. Evaluation Plan

A Remote Sensing for Agriculture Advisory Team has been established
to guide and direct this project during the course of ita life. This
team consists of Professor David Simonett, University of California
Santa Barbara, Professor Lyle Calvin, Oregon State University, Professor
Ta lLiang, Cornell Universi{ty, and Dr. Richard Suttor, AID Office of
Agriculture. This team served in a project design capacity providing
technical substance to this Project Paper. 1ln assisting in the design
c¢ this paper, Simonett, accompanied by the USDA team leader
William Wigton, viaited Morocco; Liang visited Indonesia and Thailand;
Suttor visited Dominican Republic and Jamaica; and Calvin visited
Ecuador and, accompanied Ly Manuel Cardenas, New Mexico State University,

and under contract to USDA, Bolivia and Paraguay.

It {s intended to evaluate this project at specifiod intervals by a
team external to the project and recommend changes in direction of the
project {f warranted. ‘pecifically, fn-country evaluation will be per-
formed by team members when area frames have been conatructed, prior
to atart up of the first activity under this project, ~stimating nationsl
totala from the frame atatistics. This evaluation conajats of the

feasibility analysis {n Jection 1.8, "Recommendations,” and 1I1.B.,
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"Economic Feasiblity," and will hopefully filter the nine countries

down to four or five. Thx selection will be based on the criteria liated
under Section III.B., "Ezouomic Feasihility.'" It is expected that this
initial screening would take place in late calendar year 1979,
several month3 before the USDA FASA for area frame sampling axpires.

It is then planned to conduct team evaluations in Washington and
{n 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 i{f estimates for the country are being made, and to sea
{f the countries are attempting to verify the estimates by farmer crop
reports (1f available). (See ANNEX 9, LOGFRAME.) USDA technicians will
assist evaluation team in spot checking sample fieldas. Outputs such as
Landsat {mages scaled to host country maps and sample field notes will ba
verified by visual inspection at ministries of agriculture.

Roughly a year later, during the sumer of 1981, land use maps,
Landsat {mages, and crop tabulationa will be inspected in the recipient
countrics by the evaluation team to assess the computer classification of
agricultural acreage. Thia assensment will be done by comparing the
Landsat-derived land use and crop f{dentiffcation maps with recent aerial
photography or, if not availatle, by random field cheacka, Maps for all
demonntration areas in Phase ) will be provided by USDA technicians to
the teanm.

By the summer of 1982, the computerized yield modals, yield estimates,
and national crop production estimates should be completed. The external
evaluation team, am vall as the advisory team, will be invited to a final
project avaluation during the winter of 1982, involving ALD, USDA, FAO,

and host country officials {nterested {n crop eatimation {n the LDCs.
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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 provideZ to this final

review committee,

IV. Implementation

A. Technical Services

Technical services will be provided by USDA/EBCS 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 each country project and phass
as lidted.

The area frame sampling, Phase 1, is presently being implemented
{n nine LDCs under the project "Remote Scusing for Resource Asscssment,”
931-1166. Technical assistance is provided by the USDA under a PASA
with AID (see Annex 6). In turn, the USDA works on a cooperative basis
with the host governments by means of two legal documents negotiated by
the USAID mtasion in each country. One document {s a project agrecment,
an example of which for Thailand i{s seen in Annex 7. The second ia the
Memorandum of Understanding, which is the preferred mode {n Cowta Rica,
and i{a shown in Annex 8. For the purpose of thia project, "Remote Sensing
for Agriculture,” phases 2-4 will be negotiated by amending the existing

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

following:

1)

2)

J)

4)
3)

Programmable 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).
Landsat materials including computer compatible tapes that
are available for countries listed above.

Color Diazo printer and developer to create color
transparancies using MSS positive transparencies.

Maps, aerial photos, aceatate materials, etc.
Miscellaneous supplies and materials as needed for the

project.
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ANNEX 1

Individual Country Profiles
(a) Central America

(1) Costa Rica

Costa Rica has a land area a 1ittle over 5 mil1lion hectacres equal to
about one-third the land area of the state of I1linois, 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 Aaricul-
ture contractor. About half of the work has been completed
and the rest should be finished no later than Decemter 1979, This pro-
ject also provides for a field survey of national production by crop upon
completion of the frame, either in November of 1979, or in May-June, 1380,

Government of Costa Rica Interest, Motivation and Capahility 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 phase 1 of the RSA project. Under joint Costa
Rican-U.S. direction the construction of the area frame {5 progressing
satisfactorily. Work is nearly complete in three regions and should be
completed in all reqions no later than the end of 1979, There have been

some problems, some of which could be helped by the RSA project, but no
{nsurmountable ones. The more fmportant problems are:

1. Recional boundaries not <tatilized. The government {5 establigshing

new regional boundaries. However, ¢ince these are new regions with no

historical base, it may not take much pressure to channe 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 culonized 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 phocography is also needed in some areas,
particularly, for sample segments. Since the country is small, judicious
support from AID using medium altitude photogranhy 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 LANDSAT imagery as well as the photography.

5. 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 1s prepared to proceed with
a field survey (in fact, several over the next few years), either in late
1979 or, more likely in June 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 in the survey. Trainirng and survey
methods are needed and should be provided in Costa Rica by a Spanish-speaking
instructor. There would probably be 30-40 people in such a course.

There is 1imited capability in mathematical statistics in OPSA. 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 §nd standard errors, For data processing, several
options are available. Probably the most attractive is to have OPSA handle
311 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 is probably the most satisfactory,

If it does move on, the Ministry of Finance presently has ar IBM 370/148,
though this may not be available in the future. There is a proposal pending
that would give OPSA a remote job entry terminal to a central computer,
possibly in the Ministry of Public Work or Finance. One programmer position
fs in the proposed budget, at a relatively hiagh 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 in the national totals phase
{s directly 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
LANDSAT to sharpen the area frame. The 1(aqcutaelri/tcyan°fonoll? yseb?%tipor%sv)ed 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 Il imagery and is interested in working

on the project.

At the present time ne!ther IGN nor OPSA has the technical capability

to carry out the inore sophisticated classification work in this phase,

It is possible that with substantial training over the next one to two
years, both in the United States and in Costa Rica, enough expertise could
be built to carry out Phase 3 with TDY assistance.

There are two major problems in Costa 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 facluding the harvest season. Since
the value of Phase 3 computer classification directly depends on the
percent of cloud cover on LANDSAT imaaery, closely coincident with the
time of qround enumeration, the persistent scattered Zloud 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 1ikely to be in large enough fields and are planted continuously
S0 as to make the project appear feasible are bananas, sucar 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
1s small enough. LANDSAT digita) 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 {s more advanced than most of the countries
{n 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 bring up a computer interpretation phase {s
such that a pre-feasibility study should beqin promptly in the new

fiscal year, and & 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. It may 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. In any case, it must 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 is no,or limited,experience in this area in Costa Rica, and
it does not appear likely that any work on thise phase can be accomplished
within three years.

Project Management and Project Needs

Project Management

0PSA, with U.S. AID/Costa Rica loans, is prepared 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 fs not avaflable in OPSA, some space could probably be provided
{n the rural development office of the US AID/Costa Rica. For the
successful completion of the project 1t {1s important that TDY personnel
actually be integrated completely on a day-to-day basis with the
Costa Rican personnel and space should be negotiated if at a1l possible
with OPSA,

IGN would participate in Phase 1 to provide LANDSAT {magery,



aerial photography, and improved cartography. 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 (in Spanish).
= Training assistance for enumerators and supervisors,
= TDY 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 commitment. If feasibility is proven, then the

following needs become imiortant:

- NASA agreement to provide digital tapes of LANDSAT
imagery during the critical times in the growing
season.

=TDY coordination of OPSA and IGN activities.

-Thorough training of Costa Rican personnel in remote
sensing interpretation, computer clascification
techniques, inteqration of national qround sample
statistics from Phase 2 for training and predicting
{n Phase 3.



-TDY assistance in computer classification
Phase 4 - Not anticipated.

Costa ﬁica Summnary

The GOCk has already progressed far enough, both in construction in
the area frrame and in planning fir 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 imnlemcating the new technology. For the computer
classification phase it would be a likely candidate, but only zfter 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 Republic

The Dominican Republic has a land area of some five million hectare;)
or one-third of the land area of the State of [1'inois, equivalent to
one and a half full Landsat scenes. An area frame constructed
with U.S. Department of Aqriculture assistance has been in use in the
Dominican Republic for several years. Area and production estimates are
now obtained for coffee, cacac beans, rice, plantaine, yucca, and other
crops. A notable exception 1s sugar cane. The estimates are computed and
published by the Department of Agriculture fconomice in the sub-secretariat
for planning of the secretariat of agriculture (SEA).

Sugar 15 the most important export crop in the Domini'can Republic.
Sugar cane production and milling {< controlled by the State Sugar Counci)
(SEA), a semi-autonomous agency of the Dominican qovernment. SEA, through
fts sugar cane operations, controls about 20 percent of the cultivable land
ifn the country. If, on further <tudy, an upqrading of the area samnle frame

appears appropriate for the Dominican Republic, employing band ratioing



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 IIl computer

classification program, but no significant in-country capability presently

exists in the area. Work is underway on agrometeorological 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 Carry Out Project

Phase ]-Area Frame Sampling

An area frame sample on national production estimating procedure:has
been 1r. operation in, the Dominican Republic for two vears. Aerial photo-
graphs at 1:40,000 scale for the whole country, funded in 1967-63)were
used for construction of this frame. Since this base is now already 10
years old, and since area frames need upgrading at about i{ive year intervals,
it {s appropriate to consider upgrading the frames through the use of
enhanced Landsat images, and if feasible, new aerial photography. The
Cadastral and other agencies need new acrial photoqraphy for the entire
country, and thic has been under discussion for more than a year within the

government, To finance it, the various aaencies will have to pool their funds.
Although no firm plans presently exist, 1t i< probable that the country
will be flown in the next year or two, and AID support could make this

more likely.
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Photographic maps for the entire country were published in 1966-
1968 at scales of 1:50,000 and 1:250,000. Maps, photographs and
LANDSAT imagery can be obtained from the Instituto Geografico
Universatirio (IGU))or the Santo Domingo 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 ¢ - 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 1 would propagate through the system and would, in any case, need
to be included if a Phase & (agrometeorological modeling) addressed to
sugar cane actual sugar yield per hectare is to be investigated. There
will be little poiﬁt in initiating a Phase 4 program addressed to sugar
cane yield unless sugar is incorporated in the arca frame, or unless the
procedures used by CLA 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 .in preparing national estimates in the Domin{can
Republic, and probably in almost all LDCs, i< that inter-gcropping
serfously influences production estimates. Various levels of inter-cropping
may be detectable on aerial photography and a reqional adjustment program
to accommodate that cropping may be feasible. At least such a possibility

should be tested in any further work in the Dominican Republic.
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It s 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 is made 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 arqgued 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 samples are obtained, inter-cropping,
especially of subsistence crops, irreqular field toundaries, and difficulty
in defining Loundaries for coffee and cacao, plantaine, yucca and
gimilar tree and/or subsistence crops. This whole area is quite experimental

and U.S. experience 1s no quide to how adequately the computer 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

it will be no better than the more complex areas of the United States

and may be of marginal utility. In order to really establish the

1imits to performance of tne technique of combining computer analysis
wiih area frame sampling and enumeration, following the procedures
developed by Wigton and Huddleston, it may be necessary to deliberately
sponsor a research project in an area such as the Dominican Republic

in which there is not a strong forecast of success. Clearly, a

brief feasibilitv analysis of the problems must be carried out to
sharpen tnese qualitative judgments and tc define whether the {investment
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 in more traditional, less experimental 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
{nclude an analysis of this possibility plus possible purchase of min{-
computer for the Phase 3 Project,

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

used with the natfonal 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 it effectively in the short time between the national esti-
mation and the actual harvest.

Phase 4 - Agrometeorological 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 is continuously recorded at some 30 stations in
the Dominican Republic.

No fnformation is avatlable at this time on details as to the meteoro-
logical variables obtained, and whether their reteorological satelifte
data {s obtained, and would be usable in agro-meterological modeling,

A pre-feasibility study would be necessary by someone experienced in aqro-
meterological modeling, preferably with sugar cane. Thic should include
examinatior of the results of an OFDA (Office of Foreian Disaster Assis-
tance/AlD)-funded project to prepare weekly weather nszb}amen! reports
from countries {n the Caribbean basin, employing qround observations and
satellite imagery interpretation at the center for climatic and environe

menta) assewment of NOAA, Columbta, Missouri. The contact person {s

Mr. Pau) F, rrumpe, OFDA, AlD, Washington, D.C.
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Project Management and Project Needs

GODR_Support
The greatest interest in the Dominican Republic appears to be

in a Phase 3 computer ciassification of LANDSAT data. Both the
Department of Agriculture and the IGU have interests in this area.

But neither have the equipment and cannot afrford it at 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 in an upgrading of their sample frame
and enumerative procedures to include cugar cane. A Phase 4 {s
possible, but a pre-feasihility study would need to be carried out
for both thi< and Phase 3,

Project Neece

The most immediate need is to send a TDY Team consisting of an
expert in computer classification and an aqraneteorological modeling
expert to Santo Domingo to develop a plan of work and perform a thorough

pre-feasibility analysts, which will, in addition to technical {ssues,
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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.

Jamaijca

Jamaica has a land area of a 1ittle over one million hectares,equal
to about eight percent of the land area of the state of I1linois, or
half the state of Maryland, and equivalent to one-third of a full LANDSAT
scene. An area frame construction is already underway in Jamaica,
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, 1s 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
Out Project:

Phase | - Area Frame Sampling

An area frame has 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 in March, 1979, The entire
island of Jamaica was photographed at 1:50,000 scale in 1971 by the
Geological Survey Unit in the Ministry of Mines and Natural kesources,

with assistance of NASA and AID funds. This photoaraphy 15 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 in the 1960s for the entire island.
Phase 2 - Field Survey

Although some field work has been done with the frame in parts 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 in field 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 weighed, is being
actively considered by the director of the Data Bank and Evaluation Division
of the Ministry of Agriculture, which manacns the area frame system.

A centrally funded RSA project should provide t ‘ning for enumerators
and field supervisors, in addition to that already provided. This would
be short course training in Jamaica. Most of the potential students

have not yet been hired; 26 of 65 enumerators, 4 of 13 parish supervisors
and none of four regional supervisors are yet on board.

Phase 3 - Computer Classification

Roy Russell is very interested in computer classifigation of LANDSAT
data, in conjunction with area frame ground data, using the methods
described in the Wigton-Huddleston paper. His hope {5 that he can obtain quicker
estimates of production by means of this methodology and would like to

produce monthly estimates for sub-national areas. This is very 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 tc 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 Fis a remote sensing laboratory,
which is expected to serve all of the government agencies. The Jamaican
Defense Force has an RC-10 camera system that can be used by civilian
agencies.

The Geological Survey is preparing 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 in which
they, and apparently, no other Jamaican agencies, has any experience.

No information is currently available on whether a suitable computer
and associated peripherals is available for use in the computer classifi-
catfon.

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, ratses serious questions on the value of proceeding
with this phase.

Phase 4 - Agricultural-Meteorological Modeling

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,
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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. It appears 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, 1nvo]v1ng'the use of meteorological satellites, does not appear
warranted. 1t may well be more effective to increase the number of
rainfall stations. 1t would of course be even more effective to introduce
3 ground enumeration/objective yield forecast methodology under Phase 2

Project Management and Project Needs

Project Management

A good cooperative arrangement is already 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
] and Phase ¢ operation {n Jamaica is brought to completion. Continued

discussion of allocation of scarce resources to the more traditional versus
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the more experimental techniques is required. Occasional use of RC-10
medium altitude photography may, because of the small size of the island,
be more effective than converting to a full digital approach in Phase 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 commitment, especially a review on enhancing the traditional
procedures in comparison to comnitment to Phase 3.

Phase 4 - no work with satellite meteoroloqy is anticipated

-possible TDY assistance from agricultural-meteorological modeling
experts to refire existing models, employing ground meteorological observa-

tions.

South America
Bolivia

Bolivia has a land ares of 110 mi11ion hectares, equal to 7.5 times
the s1ze of the state of I11inois 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 nevertheless involve
processing very large amounts of data.

An agricultural census is planned in 1979, to be conducted by the
National Institute of Statistics (INA). The last census was conducted
in 1956. It is presently having some budget problems, althouah 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, althoush AID will provide $25,000 to study the possibility
0f using FOSDICK from the U.S. Census Bureau in a computer analysis of
this data. Additional funding is expected from international agencies,
probably the European Common Market and FAO. A frame for the agricultural
census will be based on farm units as obtained from the 1976 population
census, within community units in what might be called a semi-arca frame,
It §s intended to be a full census for primary data, with secondary data
obtained from a sample,

GOB s interested in continued support in construction of the area
frame and in switching to an areally-based qround enumeration phase,
Feasibility of and the commitment of the GOB to a Phase 3 requires further
fnvestigation. Phase & does not appear feasible during ‘the time frame of

the project.

ro,jcct:

Phase | - Area Frame Sampling

government of Bolivia, Interest, Motivation and Capability to Carry out the
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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). It has 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
apparentiy given tentative commitment for providing half the cost of
the person being stationed in Bolivia to assist in the area frame construction,
and in the development of the survey if the remaining funding can be
obtained from the AlD mission. They would prefer to proceed in this manner
1f a person to fill the position can be found.

There ha< been some problem in obtaining aerial photographs as neceded,
but most of the problems seem to be internal and should be solved eventually,
It wil) probably take an additional one to one and a half vears to complete
the construction of the area frame for the entire country, even with
additional RSA cupport. Thus, 1t could be ready no earlier than December,
1980, given the previous slow rate of prooress, even with RSA suypport,

Phase 2 - Field Survey

The field survey based upon the area frame is expected to be carried
out {n 1980, or more 1ikely 1981, Present plans call for two surveys

a year. in November 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 geoloqical service of Bolivia through its ERTS program
( GEOBOL) has a conéiderable remote sensing capability, together with
some capabilities for computer classification, it aresently appears
doubtful that GEOHL has an understanding of the intent of Phase 3,
although the work could technically be carried out there. While MACA
has much under<tanding of the need, 1t doesn't have the expertise to
carry out the phase. Also.it appears unlikely that the two groups will
be able to couvperate very well, although one person of MAZA might be
assigned to work with GEOBOL on Phase 3.

Implementing & Phase 3 in Bolivia seems out of question during
the time period of the project, bearing {n mind that {t will not

be until 1961 that the first national totals are 1ikely 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 is available 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 woulc be required before commitment to this phase,
with the distinct likelihood that it will not be introduced.

Phase 4 - Agricultural-Meteorological Modeling

There 1s no or limited experience in this area in Bolivia and it
1s unlikely that any work on this phase can be accomplished within the
3-year project,

Project Management and Project Needs

Project Management

MACA, with continued USAID assistance,is prepared 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 vork on the Phases | and 2 and to review the possible
(not probable) feasibility of {ntroducing Phase 3. Additional needs
for each phave are a< follows:
Phase I - a resident US/AID funded position to assist in the completion
of the area frame and provide additional project suparvision,
= LANDSAT imagery to provide updating on stratification

= Further training and further interpretation
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Phase 2 - in-country short course on survey methods (in Spanish)

- TDY Mathematical Statistician

- TDY evaluation of data processing procedures, including Fosdick
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 I1linois, 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 Regionalizétion (PRONAREG) of the Ministry of Agriculture., A
heavy emphasis is being placed upon the reqgionalization program to promote
decentralization of activities to relatively small homogeneous regions
of the country. Many types of land use and resource maps are being
prepared at the present time so as to give a basis for the establishment
of the regions. It 1< ant{cipated that data will be useful {n updating
these maps.

CLIRSEN wa% established in December, 1977 to carry out on a continuing
basis a national {nventory of renewable and nonrenewable resources, to
plan, organize, coordinate, and carry out remote sensing activities in

the country, to assist other GOL agencies in map 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
a8 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 iﬁterest 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 gre.p would have responsibility for each of the activities,
CLIRSEN {< willing to tabke the lead in coordinating the project, This
appears sufficiently good that an agreement can be obtained, [t would

Appear 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 in the third
phase of the project. In the absence of any work to date on an area
frame, it is doubtful that Ecuador can advance to the fourth phase within
3 three year period.

The only other project closely related to the RSA project is
the ORSTOM project which is discussed above. If the area frame i{s
to be used as a basis for a survey of area and production, it is possible
that the Ministry of Agriculture would 1ike an evaluation and comparison
of the two methods. It the 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:

It was very clear that both CLIRSEN and PRONAREG are very interested
in the project and would like to work on it, In fact, Ing. Alberto
Segovia, Executive Director at CLIRSEN, has written a letter indicating
thei- interest. Ing. Oswaldo Guevara, PRONAREG, expressed a similar
fnterest orally at the time of the mesting. 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 development.to give the
needed experience in using satellite imagery and aerial photography,
Because only rough estimates of area production of many crops are now
available in Ecuador, the project would also prove useful for the
Minfstry of Agriculture in providing {nformation needed for the orderly

development of the country,
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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 pnotography 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 coveraqe. 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 agricultural land. This means that additional mapping and
additional air photography woula have to be carried out to successfully
complete an area frame, [t might be necessary to confine the area frame
initially to the Sierra and coastal reqgions, omitting the Oriente
region to the east. LANDSAT imagery would be required, plus corsiderable
on-the-spot training, The earliest a frame could be completed would
be December 1980.

Phase 2 - Field Survey

The Ministry of Agriculture has had more experience but has not
carried out a fully successful survey of thic type to date, With
some additional training {n survey methods and sufficient T0Y as<istance
for collection and analysis of the dats, they <hould be able to carry out

Phase ¢ successfully, but the earliest national totals could not be
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obtained until 1981 or early 1982 which would hinder development of

Phase 3.
Phase 3 - Compute~ Classification

A feasibility survey is needed promptly for a possible Phase 111
project.

At the present time CLIRSEN does not have the experience to
be able to carry out Phase 3. Within two years, however, by the
time Phase 3 1is ready for operation, CLIRSEN could well have the
capability of working in this area. They do not ye{ 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 in the project, with some AID support,
they would be obtaining experience much more rapidly than if this
were not obtained for two more years,

In fact, preobably the primary strength of GOE, both with CLIRSEN
and with PRONAREG, i< the quality of the people who would be working
on the project. If the project is to succeed any place, {t would
depend upon good people, The quality of personnel in CLIRSEN and
PRONAREG < high. The collective group in CLIRSEN 1< as strong as in any
developing country., The major question 15 whether they have the
experience of leading a group through a project to fte successful
completion,

‘A ospite of the difficulties with cloud cover over the coasta)
regions anu with lack of experience in ares frame construction or

remote sensing, the project has & reasonable chance of success in
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Ecuador because of the personnel that would he attached to 1t. Within
the three year period, Ecuador could have an area frame for most of

the country, conduct a field survey to obtain area &nd production
estimates, and be able to initiate a program in computer classification
for at least rice, sugar cane and pastures.

Project Manaaement and Needs

Project Management

Project management would be as outlined earlier between CLIRSEN
and PRONAREG.

Project Needs

Phase | - LANDSAT imagery to assist in stratification for area frame

- Updated aerial photoaraphy over selected areas (AID support)

- Training and interpretation of aerial photos and LANDSAT imagery

- Training in U.S. for two specialists in area frame construction

= TDY assistance in area frame construction in Ecuador

Phase 2 - In-country short course on survey i .thods (in Spanish)

= Training for enumerators and supervisors

« TOY mathematical staticstician

= Training in data processing, programming, analysis

Phase 3 - Feasibility. survey

« Timely delivery of LNIDSAT tapes (NASA or Brazil).

- Suitable computer and software

= Tratining in computer classification techniques and use of ground
truth procedures.,

« TDY assistance in computer classification
= Software/Programmer sypport

Phase 4 - Not anticipated within three 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 production. It
should lend itself well therefore to all phases of the RSA project.

Government of Mdrocco Interest, Motivation and Capability to Carry
Dut 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 it on a pilot study basis. It fs anticipated that
the pilot study would begin by summer 1979 in the Kenitra area and

would continue through the harvest in the summer of 1980.
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It 1s anticipated that the construction of the area frame for the whole
country would not be completed until December 1980, and that it would
be the 1980-81 crop year 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 y2ars old and a good number have
been completed in the last 5 years. Essentially all the impertant
agricultural regions are covered at a scale of 1:100,000 and the
cntire country, excluding Spanish Morocco, is covered at scale of
1:200,000. Spanish Morocco is covered at a scale of 1:250,000.

(2) Aerial Photographs. A surprisingly wide variety of large scale

and medium and small scale aerial photographs are available, well
organized and readily accessible in the Cartography Division of the
Ministry of Agriculture. -Large portions of the principal irrigated
regions have iarge scale photographs at various scales; some as small

as 1:3,000 to 1:10,000. Other areas have 1:10,000 to 1:15,00C and

quite large sectors of the areca roughly 50 miles inland from Safi

beyond Casablanca, Rabat and Kenitra north to Tangiers and then east

to Melilla and Oujda arc at the same scale. In addition there is
extensive coverage of large scale photography (1:15,000 to 1:20,000)

in the irrigated regions surrounding Marrakech. 7This large-scale
photography is of varying date but almost all is later than 1960

vintage and much is from the mid to late 1970's. Medium scale photograph
from scales of 1:20,000-25,000; 1:25,000-30,000 and V: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 is of 1970 vintage and later. ,Some
pleces 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 Cartographv 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 aquality (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 throudh a training program of 6 weeks under 8111
Wigton in UN/FAO, Rome. However, the computer facility t. new and
they are presently slow in procesiing large streamcof data. Alter-
natively, a small mini computer could be purchaved by USDA/ALD
(for $12,000) and - with modification of the program. 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 in Morocco.

The technical personnel participating in the 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 in Morocco. The quality of personnel potentially
available is high. However, the Department of Agriculture 1s interested
in implementing Phases 1 and 2, and with a well-planned training program
and implementation of software, Phase 3 could be introduced. [f started
no later than March, 1980, a Phase 3 project could have an impact on
improving the crop forecasting possibly in the form of a pilot study
fnvolving several provinces for the 1980-1981 crop season. [t {s
unlikely, however, that a substantial country-wide program could be
developed for the 1980-1981 season, At best then only an experimenta)
and ptlot <tudy could be carried oul within the time “rame of the project,
] doubt whether there wast real understanding of the magaitude of the
commitment by Moroccan perionnel, A further visit would be necessary
to fnvestigate the feasibility of a Phase 3. In-depth drecyssions
with the computer systems perionnel and investigations of delivery
schedules of computer compatible tapes and costs from TelespaZzio in
Italy, would be necessary. Phase ) could not be putl together in the
time that 15 avatlable, 1f 1t had to follow the development of the ared

'"" [ ]
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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-Meteorological Modeling

The Vikelihood that a useful Phase 4 could be gotten underway
in Morocco appears 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 yleld forecast, and up to the harvest, s potentially
possible and could be carried out independent 2f whether Phase 3 {§
fntroduced o~ not. A feasibility study would be required to establish
tn detr1) the exact form of suth an experiment,

The meteorological service tn Morocco has 30 first order stationg
connected by teletype to the central forecasting facility gathering
dafly data on temperature, raintall, evaporation, and relative humidity,
Some 90 additional ctations provide data every 10 days, but only on
tota) deily ratntall.  In addition they have facilities for receiving
the visible Land of Meteosat (furopean earth tynchronous meteorvlogical
satellite, comparable to the SMS/GOLS and hUAA satellites), They have

no personnel tratned in and familigr with the use of nor 40 they have
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the capability to receive Meteosat thermal IR data, They thus have
part of the capability needed to monitor dafly 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/FAD and WMO sponsorship there is a joint
agrometeorological project directed by Dr, Cremeinfs. 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 in Algeria which, under Cremeinis'c direction, monitors general
crop condition with an emphasis on wheat, This is a 3-year project
which i< only just begun. Mr, _3§ifﬁﬁernt?ntﬁizﬁiieiiiﬁ\%‘E\%’%%iiﬁi‘l servics,
bility of an agroneteorological project that would employ the meteoro-
logica) satellite data and in addition monitor in & more timely manner
(than every 10 days) crop progress and condition. It was clear from
the discuccions that Morocco would be a good potential choice for pushing
a project through Phase &. This fe irrespective of whether a Phase )
LANDSAT computer phase were introduced.

A feasibtlity study would need to be carried out o determine
whether a pilot agrometeorological study of a portion or the whole of
Morucco might be appropriate, The principal purposes of the feasibility
Study would be *o eitablist:  {a) the personnel and matertal resources
needed 1o carry oul boeth pilot studies and potential operations; {b)
background agronomic and related research avatlable 1n Morocco; (¢)

Rew Agronemic and seteorvlogical retearch necded Vh Morecco, (d)
cooperating personnel 1h the Mimistry 6f Agriculture, the Meteorological

Service, the Departments of Agronomy of the universities, and cooperating
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agricultural experiment stations; (e) estimates of cost of pilot
study: (f) ground rules and proceaires 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
fn-country travel are expected to be covered satisfactorily. Questions
of space for TDY personnel remain to be resolved. LANDSAT imagery,
fncluding special enhancements if appropriate)and stable base Mdps
would be provided by USDA/AID. Aerial photoqraphs ard project cone
sumable maps would be provided by Morocco. In-country management of
Phases 3 and 4 remain to be evaluated in & feasibility analysis in the
Fall, 1979,

Mangement of USAID/USDA contributions would be by pS/sT  for
AID and E£5CS for USDA. USDA/ESCS would manage all subcontractors

technical and scientific work including Phases 3 and 4 {f {ntroduced.

Project Needs - Summary
Phase !

LANDSAT imagery (USDA)

Exfsting Aerial Photography (Morocco)

Training in Photo Interpretation b 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. 1f proven feasible then:
- Telespaz:zio agreement to provide digital
LANDSAT tapes during critical times in
growing secason

- TDY Management/co-ordination/training of Moroccan
personnel in remote sensing for agriculture,
Wigton-Huddleston procedures, integration of
ground statistics for Pham2 etc.

Phase 4 - Feasibility Analysis. 1If proven feasible then:
- Concentration on Wheat and other small grains

- Determination of models employing ground and/or
meteorological satellite observations

= Subcontractor support of Moroccan agro-meteorolo=
gists and meteorologists

(@) Asia
(1) Philippines

The Philippines has a land area of 116,000 square
miles. It takes 43 Landsat frames to cover all the {slands,
30 frumes for land arcas alone. The major land uses amenable
to measurement from remote sensing are irrigated lowland
riee, rain-fed lowland rice, upland diverui{fied crops, sugar=
cane, coconut, ranches, open land, denuded forests, foraests,

swamps, marshes, mangroves, and built-up areas.
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Government of Philippines Interest, Motivation, and
capabIIity to Carry Out the Project

Phase 1 - Area Frame Sampling

Initial contacts with the Bureau of Agricultural
Economics staff indicated that they were rather cautious in
making changes. They had been used to the list sampling
system and had not atarted 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 5o0ils
had 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 (Landsat) which was recently completed under
the sponsorshin of USAID. It appeared that {n the conduct of
the proposed prograr, participation and coordination of
talents of photo interpretation and remote RenNsing groups
from the various agencies should be effectively directed.

Director Rlcacid, uf the Bureau of Soile, i= very in-
terented irn the program, He advocated the establishment of
a8 Landzat receiving station in the Philippines and indicated
that the Agricultural Ministry should play a major role in

remote mensing 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 covering 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 sensina group is located at the Natural
Resources Management Center, Ministry of Natural Resources.
The remote sensing activities there 18 built around the
General Tlectric Image 100 which is used actively for various
projects, mostly oriented to geology and mining. ~his appeared
to be an enthusiastic and effective group and had extensive
training and educational plans as well. They do not perform
traditional photo interpretation themselves. They helieve
that resides identifying crops (including rice, corn, sugar-
cane and coconut), the satellite imagee might also pick up in-
formation about the effects of irrigation. They agreed that
mixed crops and amall fielde would present problems,

The Universsity of Phxlipp;nca “raining Center quroup is
primarily engagecd in airphoto interpretation Lraininé and
projecte. Or. Bruce of the university sail that nearly al.
of the Prilipfines 8 covered by 1968 or more recent 1115,000
scale airphotos, in addition to the comylete coverage by
older military airphotoe. Over the years, hie Center has

trained many photo interpretore from various government
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departments, now returned and scatterxed 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 schle air photos. The
first two sets of maps has been completed. The third set
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) irrigated lowland rice, 2) rain-fed low-
land rice, 3) upland diversified crops, 4) sugarcane, 35)
coconut, () ranch, cpen land, and denuded forest, 7) forests,
8) swamp, marah, and mangrove, and 9) built-up area. This

last set of maps would provide valuable data for the area

frame.

Phase 2 - Fileld Burvey

The Bureau of Agricultural Economics is presently con=-
ducting field surveye ueing list sampling as a means to select
fielde for ground eneumeratior, The objective of phase |}
above wi'l be to¢ convince this Bureau to change 0 ares
frarme eampling mehtodology. 1f at the conclusion of phase 1
thie Bureay decides Rot Lo use the ares frame for enumeration,

we will terminate the project at thie point in the Fhilippines.
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Phase 3 - Computer Classification

Whether the Philippines is going to hove a Landsat
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. Mr. Bruce Graham brought along a computer printout
from the U.S. of available Landsat images covering the
Philippinee. Thie printout indicated that there were Cily
164 good qualit 'acquisitions during the years 1972 through
1978, This poirnts to the lack of adequate data 1f a Landsat
receiving staticn is not to be established in the Philippines.,
Many more useful sequential images would be needed in phase 3
to classify crop by real time procesaing of Landeat data
tapes.

2t the Minietry of Agriculture, Assistant Minister Zosa
questioned many aspects and was ekeptical about the merit of
estab:lishing a Landsat receiving stavion Ih the Prilippines
just for the Lenefit of crop yleld forecasting., He thought
that much additicral bLenefits suchk as RIRIBIFING Ccrop damagas
and mopitorine ratura)l ha:a;ds wvould be needed to justify
the cost of the station,

As for the capacity of the coeputer classification work,
there vae & nucleus of yemnte sensing pecple in the Hatural
Regsources Maragemernt Ceklel WOFEIRG around the Image 100
equipmrent, This would Le ap envellent Lase for autenatic

classification of large fields 1f current Landsat data vere
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available. There were also likely scatterecd remote sensing
talents in the various departments.” In the area of photo
interpretation, there seemed to be sufficient support,
trained by Dr. Bruce and others, scattered in the various
departments., Coordination tc maximize efforts would be
needed.

Technical problems regarding smali 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
commor, to about all Southeast ksian countries, and not nece
cesparily peculiar to the Philippines. Tor this reason, as
well as the reluctance of the Ministry of Agriculture to
adopt new teclinclogy, it is not recommended to proceed to

phase ) ir the Fhilippines,

Phase 4 - Agro-Meteorclegical Modeling

There was no active ReD discovered in the Philippines
using agrc-met models for crop yleld agsessment, It i@
poesible that any efforts were eissed: however, {f the agencies
contacted woic deeply copmitted 1o this endeavor, it syust be
assumed that they-would have broached the subject during the
discyssiore which the deslgh tea® Nhad there. It 38 Yecommended

that phase { kot le considered in the Fhilippines,

Project Marnagetecnt ard ¥roject teeds

Projeet Managerment

The Prilippines hureau of Foils should be the coordinating
agency of this proiect in the Fhilippines., Alcthough the man-

pover i& availatle in the Ministry of Agriculture, thelr
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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 stalble hase maps. The Bureau of Soils and Ministry of
Aqriculture would provide working space, personnel, equipment,

and vehicles.

Project Needs - Summary

Phase 1 - Landsat imagery (USDA)
- Existing Aerial Photography (Philippines)
- Training in Frame Construction (USDA)

- TDY Statistician, Photo Interpretation (USDA)

Phase 2 - In-country short course on survey methods (USDA)

= training assistance for enumerators & supervisors
(USDA)

= TDY Mathematical Statiatician, Field Interview
Supervisor, & Computer Programmer (UIDA)

- Desk Top Computer for National Totals Aggregation
(UBDA)



(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 agenerated by such
exports. llowever, exports vary greatly with the success of
the crop harvest and prevailing market conditions. 1In 1976
Thailand exvorted 1.9 million metric tons of rice. 1In 1977
Thailand'r rice exrort sot a record at 2.9 million tons, but
the 1978 crop is expected to fall back to 1.8 million tons
as 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, it needs
better crop information for settin: export policies.

RPoyal Thai Government (RTG) Interest, Motivation, and

Capablility to Carry Out the Project

Phase 1 - Area Frame Campling

Under a D5/ST-funcded grants project, area frame sampling
was introduced to Thailand in 1977. Due.to severe cloud
problems that crop year, no current Landsut imagery could be
obtainad on the satellite tape recorders and the project
failed to deronstrate the applicability of landsat {magery in
building frames. Since that time, Jlowa State University has
been working with the BTG Division of Agricultural Economics

(DAE), building framems with the help of aerial photography.



45

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 thi:c 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 quidance and
assistance from the staff of the U.S5. Department of Agri-
culture. Forecasting yiclds of their major crops--rice,
corn, sugarcane and possibly cassava--is very important,
Although their staff appear to bhe technically weak at this
time, the USDA staff would find them a good group to support
and work with.

There was littlo remote sensing capability within the
Agricultural Econorrics group. However, within the Ministry
of Agriculture, there were people trained in photographic
interpretation scattered in the Forest Department, the Land
Development Department, and possibly othera, who were capable
of undertaking some aspects of the proposed program,

Pha.e 2 - I'leld Survey

The Division of Agricultural Economics presently has
many field enumerators collecting agricultural data on the
ground, These people are well trained, and the Thai know

how to train more. Other than the RTG 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

Regarding 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 Reqgional Remote Sensing Training Center, to be
located at AIT, would be a very strong asset to this Agri-
culture Project. The Center staff here, however, was not
strona in traditional air photo interpretation, which would
be needed in some aspects of the program. Some mecans to
integrate the photo interpretation personnel from differont
departments within the qovc}nmunt and to have them interact
with the remote sensing group at NRC would be essential for
8 successful program,

It is proponed that a feasibility study be conducted
under thin project to assees in qreater dotail the desirability
of entering phase 3 of this project. Althoudhrice, grown

in small fields thousands of which are contiguous and thus



47

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 lLandsat receiving station, the Thai are
also installing a new weather satellite receiving station
(to receive the new TIROS-N and the Japanese GMS data). The
Ministry of Agriculture 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 arca frame sample, it is
recommended that a fecasibility study also be done to better

assess the RTG readineas to proceed with this phase.

Project Management and Project Needs

Froject Management

The hepartment of Technological and l..nomic Cocveration
(DTEC) is the coordinating aqgency in the RTG for this project.
They will {nvolve the Division of Agricultural Lconcmice ap
a lead aqgency in phanes ) and 2, the tational Research Council
in phase ), and appropriate Ministry of Agricultural and

Meteorological personnel in phase 4. The National Research
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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 imageryvy (USDA - until RTG station
operational April 1980)

= Existing Aerial Photography (RTG)

- TDY Statistician (USDA)

Phase 2 None

Phase 3 - TDY Image Analyst, Computer Programmer (USDA)
- Landsat receiving station (RTG)

- U.5. training on digital image analysis (USDA)

Phase 4 - Improved weather satellite receiving station (RTG)

- Yield models (RT; and USDA)

(3) 1Indonesia
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
Landeat images covering the main islands alone. It is the
fifth moat populated country-in the world and world'e larqgest
importer of rice., TFach year around 2 million metric song of
rice are imported 1o supplement the rice arown in Indonesia.
The Government of Indanesia pays dearly for that grain,

The Dhepartment of Agriculture in Indonesis i extremely
understaffed. Most of the Departmentse are functioning and

the heade are extremely competent but adequate staff at the
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lower level at the:present time ie not possihle because of a
lack ot qualified petnle. AID/Indonesia has a contract vith
lowa State University to train Agriculture economists, install
& data processing center, an¢ build a capability to use aqri-
cultural statistics as input data to linear programming
models for economic models. The remote sensing project would
tie in very nicely to the existing project because we vould
improve the agricultural statistics and the Indoresians could
make excellent use of the data generated by this project.

Government of Indonesia lnterest, Motivatior and Capability

to Carry Outrt Proyect

Phase ) - Area P'rame Sampling

In Indonegla tvo Departments are interested in the Area
sampling Frame and Phase 11 vork, The Central) Bureau of
Statistics (CBS) has shown interest in the remote sensing
project. UliDA evaluatioun teams nave met two times with the
Director General, AbLdul Mad3id, who ie responsible for collecting
data in the field, At the present time Indonesla uses an
PAO data collection eystesr that e very inefficient for agri-
cultural data., The field interviewers have to spend a lot
of time 1in the field doing f1eld listing, The CRS could use
the area sampling frame to collect data on all types of land
use related surveye, nut only aariculture, The Minietry of
Agriculture aleo has indicated that they would like to have

the remote seneing project tie into the lowa state 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. HNext, 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 and satellite imaagery, and to select
samples. Makosurtanal has all availalle Landsat images for
Indonesia. Also they are in the prccess of obtaining color
IR photography for most of the bia islands. They have ex-
cellent facilities and seem verv villing to help. Their land
use maps made from color IR vill be very useful for this pro=¢
ject. food maps w:ll be a problem since in some areas they
are not available. Funding for Indonesian personnel may be
a problem hut the Indonesians are planning to obtain funds.

Phase 2 - rield Survey

At present CBS has fileld intervievers vwith experience.
Once they have been trained, and considering their great
interest, they will be excnlient tor this project.

No phases 3 and 4 are planned for Indonesaia.

Project Manaaement and Projec: Needs

Project Managcinent

The 1r.lonenian aovernment needs this project to improve
its agricultural data as input to planning for inmports of rice and

acquiring foreign exchange. S5ome highly skilled Indonesians
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are working within the various departments, however, more

are needed. Transportation and communication will not be
simple but the project will be extremely useful to both
AlD/Indonesia to help in planning, using the lowa State
project, and to assist i{n determining PL480 food needs, and

to the Indonesian Government, to help them with many of their
data needs relating to agricultural and planning 4{n the
Ministry of Agriculture.

Indonesia represents a tough challenge to the project.
There are many islands, and transportation is 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 Needs - Summary

Phase 1 - Landsat imaqgery (USDA)
- Existing Aerial Photography (Indonesia)

- TDY Gtatisticiana (2), Photo Interpreters (2),
(USDA)

- Gaja Mada & Bogor univerpity rupport (Indonesia)

Ground enumerators (USDA-2, Irdonesia-10)

Phase 2

- Gaja Mada & Boqor upjverisity support
(Indonesia)

= Desk Top Computer for National Totals Aggregation
(UEDA)
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= In Country Short Course on survey methods
(USDA)

- TDY Mathematical Statistician, Field Interview
Supervisor, and Computer Programmer (USDA)
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INTERAGENCY AGREEMENT

MMONG THE

UNITED STATES DEPARTMENT OF AGRICULTURE,
UNITED STATES DEPARTMENT OF COMMERCE,
UNITED STATES DEPARTMENT OF THE INTERIOR,

NATIONAL AERONAUTICS AND SPACE ADMINISTRATJON,
AND THE
AGENCY FOR INTERNATIONAL DEVELOPMENT

FOR A

JOINT PROGRAM FOR

(AGRICULTURE AND RESOURCES INVENTORY
SURVEY THROUGH AEROSPACE REMOTE SENSING)
(AGRISTARS)



GENERAL [NFORMAT [ON

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 commodities;
for measuring and assessing impact on agricultyral production of
changes 1n land use, conservation practices, and pollution, and for
reporting this and appropriate related information to the peaple of
the United States; ang,

WHEREAS, the Dedartment of Commerce, through the Nationa)
Oceanic and Atmospheric Agministration, has responsidility witnin
the Federal govermment for the monitoring and reporting of weather
conditions, the forecastling of weather, the 1ssyance of store angd
other 3evere wealher warnings, and the collection ang dissemination
of globa! wcatnher 1nforaationr ang the distribution of meterologica)

ang chmatologica) information, eng,

WHERELS, the Depariment of the [nterior 15 one of the principa)
Mncies of the fé'-ﬂcf’.‘i government responsible for the management of
the RaLioR‘s natural resoyrces, Inclyding public qfna Ingian lands,
territories and auler tantInerlal shelf greas; and has respongie
DiT1ty withir the Federal goverament for the Public discemination
e sale of ULD! remotely-sented earth resources Gata and NASA

HQuired Landsal 9ala, ang,



WHEREAS, the National Aeronautics and Space Administration has
responsibility within the Federal government for the preservation of
the role of the Unites States as a leader 1n aeronautical and space
science ana tecnnology ang for developing techniques to apply this
technology ana for collaborating 1n the transfer of this ability

In the conduct of peacefy! activities; ang,

WHEREAS, the Department of State, through the Agency for Inter.
national Development, has responsidility within the Federal govern.
ment for assisting developing nations of the world in establishing
natural resources information systems and for transfereing related

technology.

NOW, THEREFORE, these agencies enter into this agreement to
cooperate in the application of aerospace and related technology for

agricultural resources manapoment,

RRPOSE

The purpose of this agreemert is to provide a framework for @
SQVen year program 1nklua!n9 8 SV year program of research, Oevelop-
ment, and application of aerpospace and related technology for
agricultural retources management bLeginning in FY B0 and continya-
tion of eristing cooperative efforts in FY 79, Thie prograr will
build on esperience gained through prior research, development, and

testing -- both intra and interagency,



The primary goals of the joint effort are to determine the
extent to which aerospace remote sensing data can be used to improve
the objectivity, timeliness, reliability, and adequacy of informa.
tion for management of agricultural resources and to provide an input
for future USDA decisisne regarding the routline operationa’ yse of
satellite sensead data. Tnis program adaresses the following infore

Bation requirements 10entified by the Secretary of Agricultyre:

1. early warning of cnanges affecting production #ng quality of

comogities and renewable resources;

2. comodity production forecasts;

3. land use classification and measurement;

4. renewadle resources imentory and assessment;

8. land productivity estimates;

6. conservetion practices assessment; and,

7. pollution detection and impact evaluation.

Spec.fically, thiy agreement provides & mechanism to focus

research and cevelopment and operational activities of supporting
dgencies on the identified requirements of USDA; establishes @



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
participating agencies, and provides the framework for preparation

and approval of 3 detatled plan for the program,

I11. REFERENCES AND AUTHOR]T]

1v.

V.

USDA enters into this agreement pursuant to the authority
vested in it by 7 USC 2201; USOC enters into this agreement pursuant
to the authority vested in 1t by 15 USC 313; USD] enters into this
dgreement puriant to the uthority vested in 1t by 31 USC (16 ARZ;
NASA enters into this agreement pyrsuant 1o the authority vested in
it by 42 USC 2473 (o) ang, AlD enters 1nto this agreement pursuant to

the authority vesteo n 1y by 22 USC 2392,

DEF INJTIONS

User Agencies - USDA and AID, and USDI Supporting Agencies -
USDL, NASA, USD]

A. USDA

1. As Tead oagency, define information requirements and



priorities for USDA programs; and,

2. cooperatively plan, with other agencies, research, develop-
ment, and technology programs addressing USDA requirements;

and,

3. participate in research 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. 1integrate new aerospace data and techniques which meet

their needs and are cost effective into operational global

early warning and commodity production forecasting systems,

usoC

1. Collect, validate, analyze, and disseminate environmental

data of NOAA which are required by the joint program; and,

2. provide general and specialized environmental forecasts as

required; and,



3.

4.

C. UusDl

1.

2.

develop, maintain, and disseminate climatic information as

required; and,

operate the environmental satellite system to provide data
and develop techniques for analysis and interpretation of

the data as agreed to in the program plan; and,

work with USDA in determining the basic environmental data

for current impact assessment; and,

cooperatively plan with other agencies, research, develop-
ment, and technology programs that address their USDA
requirements and cpecifically establish joint activities
with USDA to develop quantitative crop yield/weather

models.

Evaluate utility and applicability of research and develop-
ment products from this program to USD! missions; and

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,



D.

NASA

1.

2.

3.

4.

AID

1.

Assume lead in supporting research activities that lead to
advance technigues for analysis and interpretation of aero-

space remotely sensed data; and,

Assumes lead in research, development, and pilot test of

foreign commodity production forecasting techniques.

cooperatively plan, with other agencies research, develop-
ment, and technology programs that address user agency

requirements; and,

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,

develop requirements for new sensors and research systems.

evaluste utility and applicability of research and develop-

ment products to their programs.
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MANAGEMENT

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 Coordinate

ing Committee
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,

JOINT_PROGRAM PLAN

The Joint program plan wiil be the controlling document for the
program and will contain the program objectives, the detailed
responsibilities 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.

RESOURCES

Each agency is expected to provide and manage their resources
necessary to meet agreed upon commitments, subject to limitations

imposed by appropriations.

PUBLIC AFFAIRS/PRESS LIAISON

Press releases shall be released simultaneously by all agencies

or with concurrence by the others when a release is by one agency.

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 practices in the agency,
they will communicate this information immediately to the other

agencies.

EFFECTIVE DATE, DURATION, AND TERMINATION

This agreement will remain in effect from the date of the last
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USDA

NAME:

TITLE:

12

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 is subject to mutual termination at any time.

OTHER PROVISIONS

Nothing herein intended to conflict with current directives of
any agency which is a 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 in Law

or Executive Orders.

DATE:



NOAA
NAME:

TITLE:

usD1
NAME:

TITLE:

NASA
NAME:

TITLE:

AID
NAME :

TITLE:

DATE:

DATE:

DATE:

DATE!
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ANNEX 3

OFFICE OF THC SULCRLTARY
WASHINGTON, D. €. 20250

ﬂﬁ’“}}\ DEPARTMENT OF AGRICULTURE
) Hs
N

Sept. 27) 1978

Honorable James T. MclIntyre, Jr.
Director, Office of Management and Budget
Executive Office of the President
Washington, D. C. 20503

Dear Mr. McIntyre:

The neced 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-
gerves and cfifective use of natural resources has been dramatized
on several occasions in the 1970's. Two of the most recent
examples are thc 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 use of acrospace technology provides a possible
avenuc, with significant potential, for better satisfying such
USDA information requirements.

We have just completed several years' cooperative rescarch with
DOC and NASA on forecastino wheat production in several major
producing countrice using acrospace technolooy. Enclosed are USDA
and NASA documents that' (1) discuss the essence of the LACIE
project, (2) provide comparison data for LACIE and official USDA
forccasts, (3) identify key technical and operational problems,
and (4) indicate the direction for future work to capitalize on
the LACIE cexpericnce.

The Sccretaries of Agriculturc, Commerce, and Interior and the
AMministrators of the Agency for International Development and the
National Acronautics and Space Administration met recently to dis-
cusgc the development of a long ranage multi-agency program of cone
tinuing and new rescarch, development and application of acrospace
technology for satisf{ying USDA and other cooperating agencles’
information requirements, There was unanimous agrecment that a
responsive program can and should be developed., Further, the
potential cconomic impacts of inadequate information are o great
that this effort should Le undertaken desplte FY ‘680 budqget
oonatraints,

The technical ctaffn of each agency have devoted conmiderable
effort to the development of a joint integrated multi-year program
for broad application of this technology in agriculture, building
on previour exparience and results.



Honorable James T. McIntyre, Jr. - 2

My associates from the cooperating agencies and I have revieved a
proposed imnint program and feel the modest funding increases for
the purposes outlined in the lead sentence merit inclusion in the
FY '80 budget.

These efforts are truly inteiagency in nature, ard 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 these agencies. This would enable us to cover the entire
program with a single briefing and provide the examiners with a
more~cpmplete understanding of the total program.

20 -

/” ROBERT A. FROS
Secrctary of Agriculture Administrator, NASA

JUANITA M. KRCPS| cécn, D. ANDRUS

Secrctary of Commcrce Secretary of Interior

Enclosures



ANNEX 3

EXECUTIVE SUMMARY
JOINT PROGRAM FOR
APPLICATIONS OF
AEROSPACE TECHNOLOGY
IN AGRICULTURE

USDA-USDC-USDI-NASA-AID
SEPTEMBER 29, 1978

RECIPIENTS OF TH!S REPORT ARE REMINDED
THAT FY 1980 BUDGET ESTIMATES AND RECOMMENDAT JONS
CONTAINED HEREIN 'RE APMINISTRATIVELY CONFIDENT]AL UNTIL MADE
PUBL.IC BY THE PRESIDENT IN ACCORDANCE WITH
OFFJCE OF MANAGEMENT AND DUDGET CIRCULAR NO., A-10,
AS REVISED NOVEMBER 12, 1976,



APPROVED BY:

W. E. Kibler
Deputy Administrator for Statistics

Economics, Statistics, and Cooperatives Service
U. S. Department of Agriculture

Wilbur H. Eskite, Jr.

Policy ard Plans, Oceans and Atmospheric Services
U. S. Department of Commerce - NOAA

John M. DeNoyer, Ph.{.

Director, Earth Resources Observation Systems
U. S. Department of Interior - USGS

PTtt G. Thome

Director, Resource Observation Division
NASA Headquarters

TharTes K. Faul, 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 AlD.

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 ~outine use in either existing or
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 sexen information requirements iden-
tified in the USDA Secretary's Initfative'! as follows:

1. early warning of changes affecting production and quality of
commodities and renewable resources;

2. commodity production forecasts;
, land use classification and measurement;
., renewable resources inventory and assessment;

3

4

§. land productivify estimates;

6. conservation practices assessment; and,
7

. pollution detection and impact evaluation,

While a1l seven are of major importance to the USDA, the first two
requirements, early warning and comnodity 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 USD! has identified areas of common interest with those of USDA
fn Yand and water recources management and has defined a comiementary
project to establizh a national faciiity for tne aissemination of Lanagsat and
afrcraft data to be considered in the normal budget process. ‘

This plan addresses the tnformation requirements in three major disci-
pline arcas: Crops, Renewable Resources (primarily forest Resources),
and Land Use (including productivity, contervation, and pollution), The
crop discipline 15 subdivided into an [arly Warning/Crop Condition Assesse
ment (EW/CCA) activity, a Commodity Production forecasting activity and

'Joint Pro?ram of Research and Development of Uses of Aerospace Technology
for Agricuitural Programs dated February 1978,
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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 1imited 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 and local acreage estimates in 10 states in the U.S. and to provide
operational capability for improved prodiction forecasts in the foreign areas.
A USDA investment decision is targeted for late fiscal year 1981, to insure
addequate time to acquire hardware, software, facilities, and personnel to
support the cumulative operational capability by 1985,

The renewable resources inventory and assessment information requirement
has been addressed in three main categories; national {nventory 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 unfts. 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 emphasic 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
updating of land use categories.

Tue pricary roles of cach department/agency are shown in ficure 1. In the
yield mode) development, each department/agency has a unique responsibility
for lead developuent activities., The USDA will focus on the physiological
models, NASA on the spectral fnputs, and NOAA on the regres-ion-type models.
USDI wil® provide for the storae, retrieval, and dissemination of Landsat
data. AJD wil) evaluate utility anc applicability of research and development
products for AlD programs,
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FIGURE 1
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NOAA
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MENTAL SATELLITE DATA
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usDL
LANDSAT DATA STORAGE,
RETRIEVAL, AND DISSEMINA-
TION
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APPLICATIONS IN DEVELOPING
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The total program cost is estimated to be $332 million for a six-year
perind. 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 8] 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 59.9 658 66.3 47.9 332.0

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. Al1 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 iand area. In
July 1972, the first Earth Resources Technology Satellites (ERTS), now called
Landsat-1, 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 in monitoring 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.

Technical 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

3 better understanding of the complexities involved in crop production fore-
castina 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 I11inois. 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 I11inois 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 USD] 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 1isted in the Summary, Use of dats from



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, in terms of product flow, are shown
in figure 2.

Figure 2

Program Structure

RESEARCH AND DEVELOPMENT

Exploratory Pilot Large Scale Initial
Experiments —> Experiments ———=| Application —» Operation
1| Test
]

- — o —— A D -

The Research and Development element is primarily 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 in the
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) {s the responsi-
bility of the user agency and will normally be performed in user facilities.
Basic system changes will not be made in this element of the program, but if
major deficiencies are identified, they will be returned to the Rescarch and
Development element for resolution,

The third element or step in the flow process {s the Initial Operations
(10). This is defined as adaptation by the operational user of the techno-
logy developed by recearch and development with operational modifications
from the LSAT,



The flow of technology through these program elements {s not 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.

ITl. 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
in direct support of these two requirements; however, it should be noted
that a significant part of the effort identified under crops will be of
direct benefit in satisfying some of the other information requirements.
Figures 2 and 4 are 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 in the USDA initiative (and they are
all inter-related) are Early Warning of changes affecting commodity produc-
tion and Commodity Production Forecasting. Developments in remote sensing
over the past five years indicate that environmental satellites and the
Landsat satellites can 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 in foreign areas, where accurate information is not
avaflable, 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 csuperior conditions, and to measure the ultimate effect of these
conditions on production; (2) determine optimum (in terms of resources
required and accuracy or reliability of data) procedures for using remote
sensing data to identify and measure arca devoted to target crops; and
(3) develop yreld 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. Carly Warning
The crops monitoring part of the planned joint program concentrates

on the urgent nced 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 in geographical 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 Assessmen’ element
in terms of countries/crops is shown in figure 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 is shown
schematically in figure 0.

Early Warning/Crop Condition Assessment
(FY B0 $M)
80 81 .82 83 84 85 Total
NASA 0.4 1.2 1.3 1.4 1.8 .6 ,6.7
NOAA 11 1.3 1.4 1.5 1.4 1.2 7.9
USDA 50 5.8 50 4.6 4.3 3.7 28.4
Total 6.5 83 7.7 7.5 1.5 5.5 43.0

2. Commodity Production Forecast

Building on the LACIE and other experience,the Commodity
Production Forecasting part of the plan emphasizes a broad-based research



USSR

ARGENTINA’

BRAZIL

U.S.

CANADA

PRC

MEX[CO
AUSTRALIA

FIGURE 5
EARLY MARNING/CROP CONDITION ASSESSMENT

CROP/COUNTRY COMBINATIONS

COMMODITY _

WHEAT,
BARLEY

WHEAT, CORN,
SOYBEANS

CORN,
SOYBEANS

WHEAT, CORN,
SOYBEANS,
RICE,

COTTON

WHEAT,
BARLEY

CORN,
SOYBEANS

CORN

WHEAT,
BARLEY

19




FICUPE A

OPERATIONAL CONCEPT
EARLY WARNING AND CROP PRODUCTION FORECASTING

NASA-S-78-12134A

“EATHER |* A * OTHER
IF ORIMATION LANDSAT DATA BASE
fr o | - J
GLOBAL AGRICULTURAL] &=

WEATHER INFORMATION
CENTER (GAWIC)

v

e e ———— — —— G C— v— ——

EVALUATION AND
ASSESSMENT

i
| Y A :
EXISTING CAPABILITY | CROP * :
— cTi0
] ROUTINE STATISTICAL | ngggu\sr f
SERVICES . INDICATIONS j=]— USDA l
| INFORMATION | COMMODITY ANALYSTS
R e Yy .}
- ~{FAS - WFAOSB - ESCSle———————— ==
FOREIGH > % S ECONOMICS, STATISTICS

AND COOPERATIVES SERVICE

* WORLD FOOD AND AGRICULTURE
OUTLOOK AND SITUATION BOARD
(WFAQSB)

Acmcuiwn_s_/‘
SERVICE

*DENOTES AREAS COVERED BY THIS PROGRAM



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 8 83 84 85  Total

NASA 7.3 14.2 156 16.6 20.0 4.8 78.5
NOAA 1.9 1.9 2.0 2.0 2.0 1.9 .7
USDA 6.3 7.6 10.7 151 16.1 24.0  79.8
Total 15.5 23.7 28.2 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 Commodity Production Forecasting, Including the
data bases, computer facilities, and supporting field research. In addition,
the research efforts in information extraction procedures support renewable
resources, land use classification, and the other information requirements,

The experience qafned in the LACIE <howed the nced for o stable research
effort in the university/industry commnunity as well as the need for a strong
field rescarch effort. This base provides the mechanism for <olving the
technical fssues that are known to result from the LACIE and other experience,
and new tesues that will be fdentified in this new program. The supporting
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. It will assess what can
be done with existing sensor systems and what could be done with future
improved cystems. It will contain a major effort to measure surface soil
moisture by remote sensing and develop root zone models for use in improved
yield estimation. The contribution of spectral information to yield estima-
tion improvement will be assessed.

Figure 8 chows the elements of the cupporting field research activity
and the overall approach. Funding by fiscal year is as follows:

Suppnrting Research Activities
(FY 80 $M)

80 81 82 33 84 85 Total
NASA 8.3 12,6 153 16.2 13.3 6.0 N.7

8. Renewable Resources

In the renewable resources area cooperative efforts are defined for
collecting forest and rangeland inventory and management data. These efforts
address nationa), regional, state, and local area needs and support major
Yegislative requirements including the Resource Planning Act of 1974 and
the Resource Conservation Act of 1977,

wWork dealing with use of aerospace technology for renewable resources
includes a eries of research and development projects focused on three
rajor areas:

- detection, classification, and measurement of disturbances;

- classification and mensuration of forest and rangeland resources for
small planning units; and,

- regional and large ares renewable resources inventory and assessment,

For each of these major areas the program will concentrate on developing
methods and procedures for using remote sensing data not only to provide
applicable inventory inforration but alsc to assist in the day-lo-day manage-
ment activities of the rescurce manager{<). For erample, applications of
remote <ensing for detecting, tdentifying, and measuring extent of both
natural (drought, ditease, 1nsects, ete.) and manmade (clearcuts, controlled
burns, etc.) phenomens are expected 10 provide managers with information
ypon which dectistony can be rade,

The entire renewable resources effort will involve an integrated program
of research, including studies and evaluation of exicling and planned sen-
gors. Recearch which can potentially meet needs in more than one of the
three brodd renewable resources areat has been identified, Alto, some 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. .5 8.8
NOAA .03 .06 .03 .008 .008 .008 .
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 lanu uses throughout the U.S.

Through 1984 such a capability will have been demonstrated and evaluated
in 12 states. Several USDA agencies have legislative mandates which require
information on land use in the U.S. The land use information is critical to
the estimation of agricultural production and the collateral determination
of production potential. It also provides some of the base information
for determining conservation needs and requirements for future conservation

programs,

As the program develops, it will consider the following key research
and development areas:

- improvement of land use classifications through mu]ti-tgmporaI
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 1is
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 in the domestic
land use and inventory program to minimize costs. This program will utilize
a basic technology foundation developed in the crops program. Resource
requirements by fiscal year are:

Land Use Classification
{FY 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 .7 1.8 2.3 2.3 2.6 2.4 13.1

D. Pollution

The program for pollution is to 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 is essential to the control
and elimination of effects of pollution on production potential and on
natural resources. This is an important information requirement to the USDA
and wil?! support several of the USDA agencies.

Through 1984 the program wil? consist predominantly of R&D activities
in water 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. 3y 1984 the capability to monitor
distribution, turbidity, and movement of water ~ollution (sediment) will be
demonstrated and evaluated in various 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 arcas include:

- basic research for development of in-situ sensors with associated
communications;



Fiqure 9

Land Usce Program Framework

Crops Land Use
Parameters Parameters
Corn Forestlands
Soybeans Rangelands
Wheat Urban
Etc. Cropland
Water
Other
Capability Desired BASIC CAPABILITY Capability Desired
Classification o Classification Classification
Acreage Estimation 0 Acreage Acreage
0 Location Change Monitoring
8-11 Classes Location and Happing
R&D (Exploratory) R&D (Exploratory)
Product Improvement Change Monitoring
Expected Precision , Assess Existing Capability
Additional Land Use
Classes

Multitemporal Application
Assess Pixel by Pixel vs.
Sampling or Combinations

4 Product Improvement for
Landsat-D and Advanced
Sensors
R&D (Pilot Experiiénts) Using Same Test Areas and Data SetS\ R&D(Pilot Experiments)
4 states / 4 states
LSAT ] LSAT

10 states 12 states

Sl



16

- 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)

80 81 82 83 84 85 Total

NASA .9 1.4 1.3 L2 .8 .4 6.0
NARR 1 ) S T BN .6
UsbpA .8 .8 .8 . .1 _.4 4.2

Total 1.8 2,3 2.2 2.0 1.6 .9 10.8

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 practices, and application of hydrologic models. For
soils, the conservation program will focus on developing the capability to
inventory conservation practices by remote scnsing, and identify and measure
areas where conservation practices are necded.

Through 1984 a capability will be achieved for determining soil erosion
potential in selected areas of the U.S. Although conservation is predominantly
a Research and Development program, demonstrations and evaluations will take
place formore promising techniques, for cxample, 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
NAA .2 .2 a0 A .8
usbA .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,  tUihGEMENT AWD ORGARIZATION

The organization 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. tach government agency budgets, manages, and maintains control
of resources necessary to meet its own responsibilities as defined in the 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 and 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 clements of the program,

The agency pronram managers will meet monthly for working coordination
and management of the'r respective programs. These meetings will consist
of technical ind management progress reviews, and change control boards.
Change contrs) 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 1

‘The Status of Existing Global Crop Forecasting

Bruce A. Scherr,8 William E. K ibler, and Forrest G. HalK

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 data—crop
production estimates. The agricultural comn- nity 1s
flooded with a great 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 dats (i.c.,
U.SS.R. crop estimates) as major market determi-
nants. The agricultural corhmunity must move
toward the evolution of a fully integrated agricultural
information system that includes crop production
estimates with continuous adjustments in these est-
mates as a key component Existing crop inventory
systems do not meet this goal, consequently, the
redevelopment and the use of these systems have
been haphazard, and, more importantly, they have
served as major sources of misinformation for
agricultural analysts

A review of current crop inventory systems re-
quires a statement of their purpose and % description
of the analytic envircament 1n which they exist. The
authors will assume that most agricultural decision
needs can be cataloged under four main headings.
(1) market analysis and business decisions,
(2) pohicymaking., (3) use and development of
resources, and (4) technology assessment and
development A number of country-apecific crop in-
ventory systems that are currently in operation
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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 most 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 is paid 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 nghtfully concerned with the accuracy of their
estimates but these systems should also be designed
1o describe the status of the crops. The user of crop
estimates, in most cases, IS NOt 50 naive as {0 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 desires a tracking of the
estimate to allow for continual reevaluation of re-
lated decisions

ANORMATIVE VIEW OF AGRICULTURAL
INFORMATION SYSTEMS

Information about the arca, yield, and production
of a particular agricultural commodity is used in a
wide vanicly of ways 1n the context of business and
market analysis, domestic and nternational agri-
cultural policymaking, resource use and develop-
ment, and agncultural technology  Therefore, the
crop inventory systema descnibed in this paper repre-
sent an integral component of the much lazger infor-
mation system fequired for agricultural decisionmak.
Ing

A briel 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. 1 to 7). Clearly, the entire system
is developed for the purpose of meeting well-defined
decision needs. The decision needs are initially
handied 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 1o 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-reconfguration, analytic,
and report-writing activities. The process 1s shown
schematically in figure 1.

CROP INVENTORY INFORMATION:
HOW!IS IT USEFUL?

Declision Needs

The purpose of the entire information system is
derived from the decision needs generated by the full
range of agnicultural decisionmakers. In this section,
a selected set of agncultural commodity informa-
tion—area, yield, and production—as 1t relates to
a broad range of agnicultural decision areas 18
examined.

Market analvaas and business decisions —The infor-
mations! needs of the bhusiness and farm com-
munities cover a multitude of production, consump-
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FIGURE 1.=An agricuitnre information sysiem.

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 ahout the magnitude and
tuming of production of major crops, on a worldwide
basis, 1s 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 reluted to the distribution
and assembly of food products once the commodity
leaves the farm (i.e.. transportalion 1ssues, purchas-
ing issues, processing and packaging 1ssues). Given
the state of existing agrometeorological arts, an im-
proved status and tracking system that brings timely
and accurate crop production information to the
decisionmaker s of great benefit.

Some of the problems of umeliness of informa-
non and updating o! obsolete information cun be met
by the use of satellite-based remote-sensing and sup-
porting ¢crop tnformation data bases The continuous
nature ol the Landsat technology 1s clearly s meuns
of providing routine monitoring of worldwide crop
production Furthermore, Landsat can provide infor.
mation aboutl miyor crop production in parucular
arcas of the world where the current infrastructure
far ctop inventory assessment does not exist This
paper deals specifically with the use of ¢rop area est-
matcs as an input which ¢an assistin formulating 1m.
proved new-ctop cxpectatons and ultimately 1m-
proved estumates of market ptice movements for
agnibusiness  decimiony  (nge agan, 1t must be
emphasized tha! the ctop production detail 1s useful
only 1f the data are developed as part of a larger
analytic netwotk, 1o, 4 fully integrated agnivultural
imformation svstem The agnibusiness decision must,
of necessity, focus on factors that relate to the firm’s
profuatiity, therefore, commodity production
detaiy must be translated dlearhy into business terms,
such av sales or costs of produgtion

Policyenaking 1 he pohicymaket is faced with the
tash of analyzing legislative alternatives which have
both short- and long-ierm impacts The use of an



agricultural information system is for “baseline™
analysis of alternative initiatives. Further analysis
follows the development of the baseline in analyzing
the risks and opportunities that could surround the
baseline. The dynamic nature of the system is essen-
tial for the reconfig: ~tion of farm and agricultural
trade policy as the world agricultural and general
economies change.

The capability to monitor domestic crop produc-
tion has become increasingly important to the U.S.
farm policymaker since the establishment of the
Government grain reserve. Under current law, wheat
that was placed in the long-term reserve cannot be
withdrawn until the market price at the farm reaches
140 percent of the established loan rate. When the
market price is below 140 percent of the loan rate,
the wheat must stay in the reserve, while the Federal
Government payvs both the costs of storage and in-
terest charges for the farmer 1n addition to providing
the loan for cash-flow needs With market prices at
140 percent of the loan rate, the Government will not
pay the costs of storage or the interest charges associ-
ated with the loan Therefore, a considerable amount
of the wheat will be withdrawn from the reserve and
placed on the effective market When market prices
at the farm are 175 percent of the loan rae, the
Government will recall the loan und the enure
reserve will be placed on the eflective market There
are two major concerns associated with these
Government inventory movements (1) the place-
ment of the added supply will depress market prices,
and (2) the buffer agmnst future shortages 1s
removed The Secretary of Agriculture must deter-
mine by August 1S ol cach crop year whether land
should be placed into an acreage set-amde program
This decision obviously estabiishes himits on the
capacity avarlable for wheat producton and on
future wheat prices and must be based on the most
up-lo-date and accurate cstimate of the supply atd
use of wheat for the [ollowing luur calendar quatiers

Cleatly, more and better dectsions related to trade
policy can be made av improved msevsments of
worldwide crop production become avalahle In es.
sence, the implementation of domestic production
policies (1 ¢, price suppetis, actcage programs, farm
credit) can be NHinetunecd on the bavty of improsved
monitoring ol crop production in countnes such ar
the USSR . the People’s Kepubhie of China, and
Brazil The USSK November 1977 announcement
of a total grain output of 194 muibhon mettic tons fof
1977 was » shocking J1 millinn metnin 1ons below
current U.S estimates of their ¢top. This announce-

ment was made just before the November 15
deadline for a feed-grain set-aside program for 1978.
The announcement served as an additional source of
unceriainty in the already uncertain policy situation
which then prevailed through May of 1978. With bet-
ter preharvest information on foreign crop outputs,
the domestic farm policymaker can judge the export
drawdown of U.S. supplies and the overall supply
and use outlook for major crops.

Development and use of resources—The range of
probiems relaung commerciul agricultural activity
with land use., water resource development, environ.
mental issues, and community development is wide.
A dynamic agricultural information system enables
the planner to evaluate more accurately the cusrent
economic impact of alterrative initiatives, but, more
importantly, a viable information system allows a
continuous montitoring of the results.

The informational requirements associated with
this area are extremely broad. Land use classification
and the changes 1n land use over a period of years,
the monitoring of water quality and availability, and
u catalog of alternatve farming practices during par-
tcular ume periods are good examples of such
regquirements

Technology development and assessment.—The
analysis of technological 1ssues for agricultural pro-
duction and marketing requires 8 dynamic informa.
ton system The continued reconfiguration and t2ch-
nological changes associated with agricu‘tural data
and information must be evaluated as part of the
overall complex

Some of the tnformational needs associated with
agricultural technology relate to the mechanizauon
of planuing. crop cultivation, and harvest The con-
cern over poor weathet conditions duting the 1978
planting penod led to much speculation about
teduced crop production, due to delays in planting
progress There 1s contradictory information about
tust how guickly the U'S corn crop can de planted
Therefore, a means of contnually monitoring plant.
iNg Progress at as high a lrequency as possible would
greatly improve market knowledge In fact, the cut-
tent survey method used to determine plantings
could not fully account for plantings in 197K as of the
June M deadline, since planting progress duning the
swivey peniod was lagging and many producers st
had 1o taapond with antenhons

Another techinological consdetation relates to the
abihity of the general agricultural sector 1o iNgorpos
rate the most effective information technology The
temote acnang of agnhcultural land v 8 good



example, since this information must be properly
collected and disseminated to users in order to
achieve the benefits of the high-frequency data.

Model| Specification 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
repori-writing tools i1s 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 secton, 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 analyuc frame-
work 1s 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 1s that the data be obtained
with specific purposes 1n mund The discovery of
decision need: and the development ol analytc
filiers for use with the data are additional considera-
tions. Vested interests an certinn histonical data are
difficult to break down, but the viabiiity of the over-
all information system requires that ata collection
and storage be constantly reevaluated in terms of the
benefits derived from their use

The storing of data s a costly and ime-consuming
effort Therelore, the continued storage of useless or
obsolete data must be avoided The capabibity to add
new sources ol data and to mesh old and new sources
of data 1 ensential 1o the storage process In short,
the veated interests in a particular set of data must be
challenged 1n terms of the benefits and costs of the
continued maintenance ol those Jdata

Another important aspect of data collechion o the
mechanical process of bnnging the data into the
system Clecarly, o bmely and accurate information
sysiem must use statc-ofl-the-art data collection and
storage processes The collection of the data cann
be accomplished propetly unless the means of stot
ing and updating the data meet the ume fequire-

ments 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 1ust be developed concurrently with the
analytic tools to avoid wasteful data storage.

In today’s world of advancing analytical tech.
nigues, 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 1o the analyst and the decisiun-
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, mode! building and
statistical analysis can help the user derive further
benefits from the sysiem. 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 in terms of the overall data processing
capabihities and in the discovery of new decision
needs.

The Decision

The decision alternatives and the results of the
ultimate decision are imporiant not only intrinsically
but also as a catalyst for the dynamic adjustment of
the entire system. The feedback based on the evalua.
von of the decision helps 1o determine new data
needs, data collection that should be discontinued,
and the need (or new models or means of expositing
the information 1t may well be that the decision
results will focus on a different set of decision needs
and the attendant changes in the data processing
component ol the system

A REVIEW OF EXISTING
CROP INVENTORY SYSTEMS

Informat:on about agnicultural production s of
the utmost importance to all countnes in conducting
their domestic and international affsirs. It 18 also im-
puttant in mansging natural resources snd providing
for human nutnitional needs by improving allocation
of the means of [ood producuon, processing, market.
ing, and distnibution



Some factors that must be considered in evaluat-
ing the strengths and weaknesses of agricultural
information are objectivity, reliability, timeliness,
adequacy in terms-of coverage, efficiency, Jnmff'c'c_-
‘tiveness (ref. 5). Agricultural production statistics in
many very important agricultural countries will not
meet any of these quality standards. In fact, severa!
very important agricultural countries have no formal
system for acquiring agricultural statistics. Fewer
than_10_countries have what can be classified as &
relauvely sophisucaied_system that provides crop
j;gguglion_ estimatgs _ considered satisfuctory for
most of the characteristics listed. A much larger
number of countries have what might be desc-ibed »s
a system of medium complexity that provides reli-
able annual production data for major crops. Close 1o
half the countries of the world have either very sim-
ple_or no agnculluml producnon csummcs except
those provided by a census of agriculture conducted
every 10 years (ref. 8). The United States, which re-
cently started 1ssuing measures of precision for its
domestic crop production {orecasts, is the only coun-
try that publishes information on survey meth-
odology and rehability of estimates. The chiefl
reasons for the abscncb of quahty agricultural pro-
and tabulating dq[u (2) mudcquulci:@hﬂ!ﬂlinpa
bility 10 Tormulate sound sampling-and data-voliec-
tion procédures, (3) absence of a suitable sampling
frame, and (4) difficulty 1n quanufying the benefits
of improved information The accuracy of the cur-
rent U.S  Department of Agniculture (USDA)
forecasts of foreign commodity production and the
USDA accuracy goals for 1988 are given in table |
Forexample,in the USS R, at-harvest estimates are
of 65790 accuracy This means that tn only 68 percent
of the years will the USDA at-harvest esumate be
within =10 percent of the final USSR esumate
Note that the most sccurate system s in the United

States
The following are bnie! descriptions of several na-

tional agricultural statistical systems that vary in
Quality.

USSR

The Central Swatistical Administraton (CSA) »
responsibie for all statishical work inthe USSR The
CSA has the status of » mumsiry in the USSR
government |t includes central slatistical adminis-
trations in cach of the umon republics and oblasts as

well as statistical inspectorates in each raion. The
U.S.S.R. statistical organization is responsible for col-
lecting, processing, and publishing data. Many 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.SS.R. staustical system parallel
those of an accounting or inventory recordkeeping
operation and include httle or no statistical sampling
and esumation. Recordkeeping at the farm level is
designed to provide the data rcquired by CSA, with
cach collective or state farm having a bookkeeping
unit to provide basic data. With roughly 50 000 col-
lective and state farms reporting through the raion.-
oblast-repubhic chain, each administrative unit con-
tains 15 10 20 subordinate units The system includes
built-in checks by inspectors on the validity of data
and severe penalues for falsification of records. It
also provides u umely way of aggregating data
through the vanous sdminwistrative levels Sampling
1s used only to provide data on [ood consumption
and private-plot crop and hvestock production.

The system provides a ‘arge volume of data at

Tawit §=USDA Current Forecast Accuracies and
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various intervals throughout the year. Data on spring
and fall seeding, plowing, and harvest progress are
submitied weekly. Spring seeding progress reports
are made from April | 10 June 15 and reports on har-
vesting progress are made from July 1 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 18
completed during the second hall of October aird
publicly announced shortly thereafter Special sui-
veys on grain production at other umes during the
growing season can be developed if authorized by the
CSA.

The estimates of USSR crop production have
been extremely important in onternational grain
markets since the large and unexpected USSR
purchases of US grainn 972 Market analysts have
speculated about both the objectivity and the
rehabibity of the USSR crop projecuons aad nt
seems proper in thus paper to devote added attention
to the USSR svatemn An analysis of the USSR
purchases ot U'S wheat and curn since 197 would
indicate that their ultimate devision to buy s delayed
until there 1s r=asonabhy (ear evidence that their
domestic supply will not be adequate to meet theit
demand in the comuing year 1t would appear that
USSR trading actisity may not be sy well informed
as purported by most U'S analysts who in some
cases place an inordinate degree of impoftance on
data about which veny bittle 1s known The smoother
adjustinents of the USUSS KR gramn trade agree-
ment of 1976 ofler further evidence of thiy enagger-
ated LIS response to earhet USSR drop estimates
Given this, one mught condude that the degree to
which the USSK “politcizes” 11y estimates {of
speciic mathe! purposcs s overstated

No quantitatine data afe available regarding the
reliabihty and accutacy of the USSR crop ean-
mates However, ay way slated earher this s largely
the case for most countries except the Umited States
Therelore, the following comments are based on
analyses of the USS K agnicultural teporing system
tret 9

Twice cach yeat, the USSR maker 2 compleie
invenlory of the use of all caltivated land on eah
colles five and state farm The hirstanvento!y i, ines
sence, a statermient of mtchbions singe cach farm
manager answers the question, " As of June Mi, what
use do you plan 1o make of the cultivated land on
yout farm™” The Aaexl sutvey s not lahen weil lalg

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 is that
there is hittle or no survey of yield, which i5 derived
after the fact from area and production data. Further-
more, there ts u complete lack of harvested area data.
As a result, hectarage data appear to be rather con-
stant from year to year, whereas production varies
widely.

An addinonal consideration concerning U.SS.R.
crop data is that the USSR reports yield and pro-
duction in terms of bunker weight, which can be as
much as 1S percent greater than barn weight (grain
weight after cleaning and drving to a standard
maossture content). Thus, sin companng USSR and
U.S crop production figures, there 1s an important
difference in grain quality resulung from differences
in trash and maoisture content (ref. 10)

Currently, the USSR crop inventory system
does not mahke use of advanced data processing tech-
nology Some research 1s being conducted 1o develop
techmiques fof making quantitatve crop lorecasts
dunng the growing secason, but, to date, the system
rehies on manual compilation of data This maghtim.-
ply a rather hmited objective in terms of the detal 10
be publichy provided about USSR crop production
Cleatly . the pubhication of a final yearend report of
areasown and crop production can be handled in this
fashion, but, il more umely and detatled data were to
be provided, there would be a need for improved data
procesving capabiliies Furthermore, itis not hknown
1o what extent the USSR crop inventory data are
analyzed 1in mote depth without pubhic telcase of the
1esulls

In providing crop inventory data, the USSR
systern hay a senies of objectives 1o meet which are
distincthy different from those in the United States
Thewr projections ate not intended to support a broad
tange of phivate and public interests Yor example,
they do hot publinh a report of the total country Jevel
produchon of a c¢rop untul alter harvest (aboul
November 1) It overy Likely that they compile
these data as part of the preharvest progress reports
but simply find it an ther national interest not 1o
tcicase the data publich unnl later In exsence, the
mmt ampottant distincion to be Mmade between
USSH and US crop tepotling systems i a cleatly
dupatate et of obectives One can cnhiticize (he
USSR syatem for not meeting LS data needs, but
s i facult to claim that their own inecrnal informa-
hon i insdeguale



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 estimates af¢ prépared
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:
wucuhuml Aattaches foreign stausucal publicabions,
commodu) peniodicals, Reuters commaodity feports,
‘the tommodity” trade’ Toreign newspapers, and the
_wire” scnucs (ommudm analysts base their crop
producuon estimates on information provided by
these sources They depend primenly on the at-
taches' scheduled reports, prepared quarterly and
developed from information obtained from foreign
governments and trade contacts Analysis 15 abo
based on an attache's own observations, information
from grain importers, grain processors, and farm
organizations, and vanous nublished reports avail-
sble in the country The World Food and
Agricultural Qutlooh and Situation Board reviews
and approves all estimates of production, disposi-
tion, and trade

The mayor constraints within the foreign crop
esumating process are (1) the quabity of the data
received for analysin, (2) the ume required 1o collect,
receive, review, and repart, and (1) the hmited ap-
plication of data processing 1o the crop estimating
process

The existing system for collacting, mnmlmmng
and analy2ing dats o estimate foregn ¢rop produc-
tion could be improved stgmificantly by eaplaiting
advanced data gathering techniques and by apphving
more advanced data prosesung techmigue improve:
ment of data processng techniques will require the
development of an integtated crep production infor.
mation system

The USDA [ conomics, Statntiey, and Coopeta-
tives Service (15CS) v responuible fur collecting,
maintaining. and analyzing data and reporung ctop
production estimates within the United States Iy

regulation, ESCS is required to prepare and issue offi-
ciel 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 lzvels, both on and off thc
farm.

The preparation of crop production estimates by
ESCS requires that various types of information be
collected and analyzed. This information is usuallv
collected at the state level through the ESCS staie
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 office and forwarded 1o Washington, D.C. The
summarized data are received by the Survey Division
of ESCS for further processing and distribution
10 the appropniate offices within the Esumates
Division

Nonprobability surveys are currently lunited to
mail surveys, in which questionnaires are seni 1o
furmers asking for specific information about their
agnicultural activities. Today, matl surveys also sup-
plement probability surveys Probabihity surveys,
first minated by ESCS in 1954, include both
enumerative and objective yield surveys Probability
sampling techmques used include the arca frame, hist
frame, and multiple frame samples, depending on
the type of crop or other agnicultural product being
surveyved

I the incoming state information concerns a com.
modity defined by law as speculative, the informa-
von v handled according o special secutity pro-
cedurss and s dehivered to the Crop Reporting
Board, conuisung of a chairman, other appointed
members selevted for thewr apecialized knowledge of
a particular crop, and individuals from the field and
Washington, 1D C |, staffs who analyze the data and
ptepate the olficial production estimate Thas ¢rop
teporting process lakes place 1n what s termed a
“lowkeup,” whetan the Crop Reporting Board and
uthet suppott personnel are restricted from outaide
contact until the crop report has been trelcaved

The ESCS crop reporting extimales are accurale,
tchiable, and impartial when compared to those tn
most foresgh countties Based on these ESCS esne
matcs, farmers, businessmen, and the 1S Governs



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. lHowever, 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 1o 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 esumates 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 himited use of meteorological data by ESCS in
making current forecasts and estimates is 4 result of
the ESCS reporting methods, which are designed 10
reflect the effects of weather on crop production to
the date of the survey. Short-term and long-term
weather forecasts have not been used because they
lack the precision needed to evaluate prospects at the
state level. Objective yield models used by ESCS rely
on actual mcasurements rather than on subjective
appraisals of crop development.

Canads

Canada's stutistical service is organized on & high-
ly centralized basis under Statistics Canada, formerly
known as the Donumon Bureau of Statistics. The
agency is responsible for developing an integrated
system of social and economic statistics pertaining to
the whole of Canads and its provinces. This proce-

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, 1t will provide data at the national level
similar in quality 10 that provided by the 5-year cen-
sus of agriculture.

A sample of farmers is surveyed in March each
vear 1o estimate the acreage farmers intend to plant.
The June survey collects actual plantings. Three
times each ycar, a sample of 13000 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
expertmental 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 {rom the mail survey. Work » conunuing in
training enumerators, improving field nstruction,
and refining procedures for this work in an effort to
resolve the differences that exist between objective
yield data and census information.

The census of agriculture is taken every S years
for crop years ending in 1 and 6 It consists of u per-
sonal enumeration of every farm hotding that iy at
Jeast an acre 1in size o has sales of $30 or more It
provides bavic data on land use, crop acreage,
Livestoch number, and sales of farm products A
quahity check survey of about 15000 farms 1s done



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 S-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 1o
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 obtainad
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 aflter collection. Post-
enumeration surveys are 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 holdings 1s small and their average size
large. This charucteristic himits the time and expense
required for co'lection and processing The register 1s
kept current and provides s very suitable samphing
frame for the annual sample surveys of crop produc-
tion and other rural development statistics

The system has some mice adviantages as the cen.
sus provides an annual benchmark for both efficient
sampling and current estimation of the production of
major crops Quahty checks of survey procedures are
performed routinely to ensure rehiability and objec-
tivity. Staustics are collected under the Commaon.
wealth Census and Staustics Act, which requires that

questionnaires be returned within a specified period
and provides for the confidentiality of individual
reports.

Brazll

The 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 harvesied 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
feueral 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 proporuionsl 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 hsve been made to collect
agnicultural statistics from a probabihity sample of
producers The State Vepartment of Agriculture in
Sa0 Paulo has developeo ity own modern and effec:
tve system of collecting current agricultural statis.



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
nationa! 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 com-
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, theif
size, commodities produced, and specialized
agricultnral items, provided through an annual
survey by the farm register system of all holdings of
2 hectares ¢f more, (2) data on the agricultural struc-
ture of units and their resources of land, machines,
animals, labor force, etc., obtainsd from the farm
register; (J) 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 that cover the 9
principal crops, (6) livestock statistics on numbers of
livestock by category, animal production, and milk
production, obtained from a sample of 12 000 register
units, (7) dats on agnhcultural requisites, such as the
consumption of fertihzer, pesucides, and feedstuffs,
and (8) data on economic fuctors, such as labor, farm
wages, real estate and buildings, cash income and ex-
penditures, and price stalistics.

The agnicultural census 18 conducted annually
using a samphng method that ensures that each unit
will be included at intervals of sbout § years Using
the farm register, it provides general sgnhicultuial
statistics simular to the current agnicultural statistics
for individual parishes and communities

The larm register system provides a very proecine
samphing frame tor all stastical surveys umng hold-
ings (ndividual farms) as the reportuing umit. Crop
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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 0to§.

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 BS-percent complete. For
small-scale farms, a probability sample of geographic
subdivisions is selected annually for enumeration,
Field enumerators coliect the basic acreage data,
using the farm holding as a reporting unit. Crop and
farm acreages are measured using compasses and
measuring wheels.

Thus, histonical crop acreages are available on an
annual basis but are denved using less than satisfac-
tory staustical procedures. No statistics on crop
yields are available for Kenya. Significant portions of
the most smportant crops, such as corn, pass through
a markeung board, where quantities and prices are
recorded and provide estimates for the monetary sec-
tor Estimates for the nonmonetary sector are nOw
based on projections that are factored up by popula-
ton growth from a 1957 survey

A census of agriculture was attempted in 1960-6],
but deficiencies 1n samphng frames, measurement
techmques, and staff quality and tranmng, non-
cooperation ol respondents, and unfavorable
weather made the results inaccurate A relatively
complete current agricultural census would be very
helpful tor establishing benchmark production and
acteage data Forecasts of crop conditions duning the
growing season arc not attempted Limicd resources
are spread thin in an attempi to also collect some in-



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 dats from official
and nonofficial sources and gives the latest develop-
meats and short-term prospecis 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 a trial undertak-
ing and in an effort to fill many critical data needs.

In addition, FAO annually publishes two volumes
of the "Production Yearbook,” giving agricultural
statistics for muyor geographic areas of the world and
for more than 200 countries Volume | 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 certmin production
means, freight rates, farm wages, and index numbers
of prices. These volumes are made possible by the
cooperation of those governments that supply most
of the information to FAQ

NEED FOR IMPROVED ACREAGE
INFORMATION: THE POTENTIAL
OF LANDSAT

The hard evidence facing either private or public
agricultural snalysts is that new-crop expectations
affect the agricultural economic activity duting the
marketing year {or crops already 1n the bin Once a
crop is harvested, there i o limited crop-year supply
available for use The inability to produce most ma-
jor crops on a year-tound timetable produces th's
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 1o 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
new winter wheat crop cannot be made until March-
April weather impacts are known. The acreage-
plan‘ed figure serves as the only “hard” piece of evi-
dence about new<crop production until late spring.
Of course, yield models do 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 penod 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 duning the third calendar quarter of each
year, the USDA supply and use data account for new
crop production in the third quarter and consider 1t
to be 2eron all other calendar quarters Therefore,
the available quarterly supply of wheat duning any
quarter of the year s the beginning inventory of that
quarter plus the new production if that quarter is the
third These data manipulations are described In
table 11 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 [l.=—Wheat Stocks and Production (by Calendar Quarter)

{in bushels)
Year: Wheat Available End-of- Quarierly Percent
quarter production quarierly quarter use quarterly
supply stocks of stocks drawdown
1967:1 0 1 047 400 699 200 348 200 N2
1967:2 0 699 200 512800 186 400 26.7
1967:) 1 507 598 2020398 1556100 464 298 3.0
1967:4 0 1556100 1 209 700 346 400 22)
1968:1 0 1 209700 838100 371 600 30.7
1968:2 0 838100 630 200 207 900 248
1968:3 1556635 2186838 1 679 300 507 538 2.2
19684 0 1679 300 1 4] 400 337900 20.1
1969:1 0 1 341 400 1109 500 231 900 17.)
1969:2 0 1109 500 904 000 205 500 18.5
19693 1442679 2346679 1 872 400 474279 20.2
19694 0 1 872 400 1 532 800 339 600 18.1
1970:1 0 1 §32 800 1197200 335600 219
1970.2 0 1197200 982 600 214 600 179
1970.3 1351558 2334158 1 788 500 545658 2).4
1970:4 0 1 788 §00 1 410000 )78 500 A2
197121 0 1 410000 1 060 400 349 600 4.8
1971:2 0 1 060 400 822800 237 600 24
197123 1618636 244] )6 1 873 800 56766 )
1971:4 0 1873800 1 547 600 326 200 174
1972:1 0 | 547600 1210700 336 900 A8
1972:2 0 1210 700 983 400 227 300 8.8
1972:3 1 546 209 2529609 1 870200 649 409 26.1
1972:4 0 1 870 200 1 398 600 471 600 282
1973:1 0 1 398 600 927 200 47] 400 3
19732 0 927 200 $97 000 330 200 356
1973.) 170787 2307 1 451 600 856107 ni
1973.4 0 1 451 600 928 300 523 300 Jo .0
19741 0 928 300 548 100 )80 200 410
1974.2 0 348100 340100 208 000 ns
1974.3 1781918 2122018 1 562 100 549918 264
19744 0 1362100 1107 500 454 600 2.1
1975:1 0 1107 500" 662 100 445 400 40.2
19752 0 662 100 433 000 227100 W)
19783 2122 500 2357500 ] 8R4 $44 672956 , 36
1975:4 0 | 854 344 1 388 650 498 894 2658
197:1 0 1385650 936 800 448850 324
19762 0 936 300 665 Y00 271 500 20
197%6:) 214262 2807 662 2188 200 619 462 20
1976 4 0 2 188 200 1 4 800 406 400 186
19771 0 1 781 800 1 309 S00 92 Y0 20
19772 0 1 389 %00 1112 200 217300 200
19773 2028793 J1)19) 2197 60 140 V) 3o
19774 0 2 397 600 ) 990 8OO 406 K00 170




table 11 shows the percentage of wheat inventories
drawn down each quarter.

The drawdown process is shown 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 II.

Year: Wheat Available  End-of-  Quarterly
quarter  production  quarierly quarter use of
supply stocks stocks
1968:3 1556635 2186835 1679300 507535
1968:4 0 1679300 1341400 337900

Note that the movement from point A to point B
represents the 507 535-bushel usage of the available
quarter supply, which was 2 186 835 bushels.
Furthermore, the 1968:4 available quarterly supply is
the 2 186 835 bushels minus the 507 535 bushels, or
1 679 300 bushels.

Points C and D represent the change from year to
year in available quarterly supply of wheal. In other
words, this change is described by the following data.

Year: Awailable quariesly
Quoarter supply, bushels
1974.) 2122018
1973.) 2307787
Change -185 769

In this case, the new crop production in 1974 was
71 131 bushels larger than that of the previous year,

3000 ~

00
197 1. 107 1 ters rer?

NIGURE 3.=Drawdenn of L.K. quaruesly supply of whost.

but total domestic use was very high at 1 967 687
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.! The time series of the quarterly use of
stocks in table Il 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
(K., * PRD) - K,

of stocks
(K,- PRD,) available quarterly L4 )
supply
K,_; ¢ PRD, = available quarterly wpply B AQS )

X ACPW
Y® 0047 - 093N '4'25[3' - 00007 -:‘—sl
(609) (-1278) (-4 46)\ AQ
(Acrwu")
- 0.00I8 -~ 00069 PW
(=364) AQs ey !

[rro
¢ 108 x w"*[.—l + 00208 Q1 + 00456 Q2
(2.84) 1] (18 (3.28)

- 00308 (3 ¢ 0OG0S QT
(4060 (1en t)

LA discusmion of the development of inventory equations in
the Data Resources, Jnc . Agricutiure Mode! was done by Roger
E Brinner and Leonatd | Hurman in “The Crop Sector,” DR}
Agriculiure Service Working Paper }, May 1976 The work wes
refined futiber by Burman in “The 1977 DRI Agruwuiture Model
New Developmanis in the Domestuc Crop Mecior,” DRI
Agncultute Setvice Working Paper ¢, Ociober 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

Sun: of squared residuals = 0.0069

Standard error (SE) of the regression = 0.014; normal-
lzed SE = 5.40 percent

where X = quarterly stocks of wheat

FR = production of wheat

Y = the drawdown of crop-year supply

X = quarterly exports of wheat

ACPWW = number of acres planted in winter
wheat

ACPW  =number of acres planted in all
wheat

PW = cash price for wheat

01.,02,03 = seasonal factors
or = trend factor
t = 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 regression, is the inverse
relationship of the amount drawn down (i.c.,
decumulastion of stocks) to the acreage-planting in-
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 ex-
pected to be lower Therefore, information about
new-<crop production which becomes available well
‘before harvest is extremely important. A good device
for monitoring acreage planted would enable
analysts to finc-tune their expectations of future sup-
ply and other economic factors associsted with the
crop.

REMOTE SENSING AND CROP
PRODUCTION AB3ESSMENT

In view of the previously discussed need for im-
proved carly-season assessments of commodity pro-
duction, how can the sgricultural remote-sensing
technology augment the current crop estimation
systems to provide improved information? The
capabilitics demonstrated o date indicate that im.
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provements can be achieved in the following areas:

(1) early-season forecasts of total harvested area for*
acrop, (2) early-season estimates of the changes in a

crop area (planted or standing) relative to previous

years, (3) early-scason estimates of changes in the

quantities of major classes within a crop (i.c., 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 associated with

yield forecasts is that early-season yield-forecast ac-

curacy is limited by the ability to adequately forecast
the major varisbles which determine yield, mainly

weather. Therefore, area estimates serve as the single

“hard™ piece of early evidence available for produc-

tion assessments.

Since 1974, satcllite 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. The
capability of this firsi-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 particula., those for the
USSR.). In a separate experiment, the USDA
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
produce esumates 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
sccurate atca cstimates for several commodities at
the state level and below.

What 1s 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 arcas and evaluated the use of
simple, first-generation, pure-regression-type yield
models based on an approach which utilizes monthly
averages of temperature and precipiiation (0 assess
the impact of weather on yields Results of these
tests proved that reasonably sccurate forecasts of
crop yields can be made before harvest, provided
there are no extreme devintions in the weather con.
ditions. This qualifier is imporiant because it is the


http:regressior,.is

hisorical--data.series which permits estimates
through regression_analysic_of the crop_yield. Thus,

in years greatly different from the average, these
simple yield modeis cannot respond fully. Many im-
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 a large source of the yield prediction error is the
unpredictability of the weather. Thus, there is g [imit
1o the reduction in the preharvest forecast uncertain-
ty that can be accomplished through yield modelim-
_provements. For example, in Oklahoma, the 1976
wheat crop survived the early concerns about *dust
bow!" conditions as a result of late April rains. The
timely rains came only 1| 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 earlv-season yield
forecasts ure 10t expected to be technically possible
in the near future, how does the remote-sensing
capability sagment exsstuing crop forecasting capa-
bility? First. Landsat data can be used to quantify the
total wheat area within a country or region. It also
can be used to quanufy the proportion of wheat
classes within the region—that 18, the amount of
winter wheat compared 1o the amount of spring
wheat—which 1s a critical input 1o forecasting total
wheat production since winter wheat hectarage has
twice the average productivity (vield) of spring
wheat. In addition to the information associated with
the type of wheat, geographic delineation of the arca
is important For example, the eastern hall of the
Ukraine can be experiencing extreme drought, but if
there has been a recent shift in planung toward more
westerly regions, then production may not be as
radically alfected as one mught forecast using histori-
cal data to ascertiwn the amount of hectarage affected
by the drought Finally, Lrndsat data can be used to
monitor the condition of the crop in an ongotng pro-
gram. The monitoning of a crop can be achieved since
Landsat data cab be used to quanufy the amount of
hectarage alfected by currently poor growing conds-
tions, and, thetelore, the potential impact on harvest
production can be estimated

SUMMARY

The current sysiems providing crop inventory in.
formation are deficient mainly in two ways (1) there
is a need for more frequent information and (2) the

crop production data are not well incorporated into
the total agricultural information system for each
country, with the exception of the United Siates.
Moreover, the capabilities associated with interna-
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 any 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 i1s 1o 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-
unct 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 1n a forecasting mode.
Currently, agricultural analysts study the alternative
drawdown patterns for a crop 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 sbout new crop product'on and, ultimately,
be a force which would promote 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 1s 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 be Solved: This project will deal with the problem of

estimating total supply of food in LDCs. It satisfies the Agency's
criteria for agriculturel 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 i 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-1nport
planning in which they have no involvement.

4. Replicability: The technique employed, i.e., area frame sampling,

{s Yabor intensive and utilizes visual analysis of satellite and airplane



imagery. It is easily conducted in any Ministry of Agriculture in any
developing country. Thus the abilitv 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 1t has already beecn demonstrated in developed
countries and to a very limited extent in a few developing countries,
such as Zaire, bolivie and Thailand.

7. Critical Assumptions: - Conditions necessary for project success are

2 motivated tear within & Ministry of Agriculture to carry out the photo
interpretation and, more importantly, in each country & team of up to

10 people tc do the ground enumeration necessary to gather the detailed
statistical information. The ability to learn efr photo interpretation
fs also a critical assumption. }n two 0f the countries where we propose
this prcject, Thailand and Bolivia, & remote sensing trained gteff is
dlreacy available. In the case of the Sudan.ancne are availadbie, but
D5/5T 1s now addressing that problem with 2 special training project

there.



8. Project Implementation: To implement this project, & PASA with the

U.S. Department of Agriculture has already been discussed. They will
begin on-the-job training in visuz) analysis in the three countries
1isted above. The second step will be to develop national totals

based on the statistics gathered from sample fields. The third step is
then to automazically classify by computer techniques the larger fields
which are amerable to identification by satellite and aircraft imagery.
The last step is to implement agricultural-meteorologica) modeling
techniques to derive the yield which is fundamental in predicting

final total production figures.

9, Relationship to Recional Bureaus: This project has direct relation-

ship to many agricultura) 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, Sta’f Implications: 4 months effort of one full time remote sensing

direct hire are necessary to produce a project paper and manage this
project in FY 1976,
11. Budget: $)1.6 million {s necessary for this FY 1979 project.

It will last three years.

12. lritia) Environmenta) Examination: The activities do not have 8

direct impact on the physicel or biological environment, The mein
activities are %0 cevelop anc transfer information about the environment
and natural resources. A Negative Determination, therefore, is

recommendec for this project.



The attached is a detailed technical description of the project as well
as an initial FY 1978 pre-project activity necessary to ready the three
LDCs in which this project will be implemented. The attached was

submitted to USAID/Bangkok for their approval.



Attnchmant

A Practical Avplication of Femote Sensing
for 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 demonstrate
ing the aprlications of Landsat image interpretation and
trairing host country resource planners how to analyze and
thematically classifv image data. Thailand's National Research
Council represents an Acian center of excellence in +his 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, DSE 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 doinc the tec -~ical work on
(1) and with NASA who'will actually be contributing both

-

monev and technical support on (2).

The crop precdiction component is what DSB would like to
assist with in Thailand. It woulé consist of four phases in
guccession, each subsecuent phase depending upon the former.
These phases include: (1) area frame sampling, (2) national
totals, (3) computerized classification, and (4) agro-met
modeling.

(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 cthosen by Landset analysis, using skilled photo~-
interpreters. Llandset cannot see the ind:ividuzl small fields
less thar 10 acres so typical in developinc countriec. But

it does see acricultural intencity patternt of ar entire
country in just & few days. Fy breaking out, or “stratifying,”
four of five of these intensities (land use themee) for an
entire country, it it posggcible tc select & sample number of
£ields (several hundred) which, if surveyed on the ground, can
provide an accurate ropresentation of national averages of



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 military restrictions, Landsat is available
every 18 days (clouds permitting), hence the area frame can
be updates 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 countrv, 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, ané 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 technigue called ratioing, it is possible to

get rid of the subtle atmospheric effects from the imagery

if necessary. Thus image manifestations in southern Thailand
corresponc 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 estimates. The ratio is the intensity theme in the
entire country to the intensity theme present in the samples,
The intensity themes are quantified atc hectares. This ex-
pansion to areas larger than the original samples is sur-
prisingly quite accurate. The accuracy of the totals depends
Qirectly on the accuracy of the sample ttatistics and not on
the magnitude of the ratic. The independence of the accuracy
of the totals tc the size of the expansion is due to the
consittency cof themes as depicted on Landsat imagery and as
interpretec by trained interpreters.

(3) Computerized clascification would be the next logical
ster. TFrom the aree frame developed under (1) the Project
woulé have, among other things: (a) reliable average yield
valueg fcr several important crops (bushels per acre), and
() known crope crowing in sample fielde which, if some are
large enough, can be identified on the Landsat imagery. With
this data, the Projec: can now use the known crops %o liter-
ally "<trair™ a computer ¢to automatically classify al) sufii-
ciently large fields outs:de the sample area. Then by multi-
Plying the totel hectares of each cror by the yield, total
productiorn eegtimater cf each crop are obtained. The frame

is time-consuming Tc congtrucs: (one tc two man-yeare), but
the automatic claseificeation of crop hectaret permits one %o
update the predicted totale several times during the crop
growing peason o take account of climatic and catastrophic

events,



It will be necessary to look at field size distributions in
Thailand to determine if this step makes sense. TIf 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-guarter of an acre
plots and yet consists of mile after mile of contiguous plots
‘of the same crop (rice, for example), then again computer clag-
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 FY 1578 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 phases=
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

applicabilicy.

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 Mission for personnel, financial or logistic support.
There would be a need for the RTG to provide the Zcllowing.
in support of this project:

1/ Project life is proposed as ¢ years with termination in
ry 1982.



(1)

(2)

(3)

(4)

(5)

all salary, travel, and other costs of their per-
sonnel who would learn and take over the area frame
construction.

2 laboratory space or classroom (we'll bring neces-
sary equipment or arrange to get it there).

3 graduate level or professional statistician, pref-
erably Zrom Ministry of Agriculture. He would be in
charge.

3 university students, undergraduate, or equivalent
- representing fields of soils mapping, agriculture,
and remote sensing.

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,

D8/8TiCKPauliep:3/16/78
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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 (0TJ) 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. 1n 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, ChiderGuyana, Lica.
rr€, and the -6udenm. 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, Jemaica, Paraguay,
Indonesia, Ecuador, and-Gwyarman The USDA has begun area frame sampling
in Zaire. The Mission Director in the Sudan is holding up his decision on
the project until the return of Sudanese presently undergoing training
at South Dakota State University.

The PASA 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 ascistance when necessary. This has alrecady 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 lact year) imusgery it not availab le and where a Landsat receiving
station covers the country in question, USDA will make arrangements to
purchase 1mapery via a foreign ground station. If the country falls out-
side of the arca of exieting ground station coverage, AID/W will make
every possible effort to request NASA to turn on the MSS sensor during

the crop growing season, The ULDA will also attempt to acquire through
the host governments, al) available aerial photography and mape. The

maps must be put on ciear acotate 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-cartopraphers 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 selectior 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, vield,
livestock, and other land associated characteristics will be sbtained

for the :ample areas by the field teams and left with the appropriate host
country agency. The techniques of area frame sampling will be imparted

to the host country agricultural ministry.

The USDA would appoint one project leader who would be responsible for the
arca frame activity in all eleven countries. (5)He 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 statisticians. There would be teams of field sampling
techniciant which would visit each country. A team would spend approximately
2 months in each country. The team distribution for a representative 9
countries 1t shown in the attached “Schedule of Country Events.'" 1In
addition, one of the countries, Thailand, is about ready to attempt digital
classificution of fields, and it will be desirable to send a Thay to the

U.S. for advanced training.
/

»

A t_of thie activity, the USDA ugllﬂprovfa?ﬁtraxning in the U.S. ror
Approximately AL Dembers _of w ULS. Sautheart consortium of black
univerzitiet, headed - \LM _University, The purpose of this
training 1t tu-deVelop a cadre of are ling personnel for

ltE:EB;Ang’fo ute thie technique to monitor deser TRCIonan-the Sahel,

C. Background Information

Tentative Mitrion approvale for thise activity have been obtained for Thailand
Bolivia, amd-tmendy In addition, the USDA har carried out limited area

trape sampling uring outdated acrial photugraphy 1n the Domingcan kepublic
Thailand, Bolivia, Chile, and Zaire. Lxpressione of interect 1n learning

more about thie project have been received from Faraguay, Indoneeis,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 and substituted
with Costa Rica, Senegal, and Ivory Coast.

D. Rchrts

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 country'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
countries. USDA shall submit three copies of all reports listed as
being a product of the PASA (administrative, progress, final and
technical reports containing KCD findings) to the vocumentation Coordinator,
DS/DIUV, Development Support Bureau, agency for International Development,
Washington, D.C. 20523, or his designee. Such reports shall include a

title page showing tne title of the report, project title us set forth

in this contract (or grant) and the contract number. One copy of each
report thall be clearly typed or printed on white paper so that it may be
photographed to produce & microfilm master. Technical reports shall be
accompanied by an author-prepared abstract.

E. Liaison and Guidance

AID/W/DS/ST - Ur. Charles K. Paul

F. Eguipment and Supplies

USDA 18 requested to purchase the following equipment:

300 Landsat images $90,000
Mape and Supplies 10,000
Computer equipment 64,100

(note ~-thene are small,
portable desk computers
for aggregating agri-
cultural statistics)
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G. Llogistic Support

The cooperating countries will provide in kind — oftice space and equipment,
transportation in cooperating country, official vehicles and interpreter/
secretarial services.

H. International Travel

International travel, originating in the U.S., must be cleared by CM/S0D/IIA,
before undertaken.

Prior to making visits to LDCs, the PASA technician will review his plans
with DS/St. He will clear visits to host countries with DS/ST at least 30
days in advance. DS/ST will then obtain country concurrence of the visit
prior to commencement of travel. He will call on AID Missions upon
arrival, keep Mission personnel fully informed, ask them to participate in
discussions 1f they desire and will inform Missions of the outcome of
consultaticn. Normally, he will make his own appointments and logistical
arrangements.

I. Lanpuage Heguirements

Working knowledge of Spanish helpful, but not required.
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ANNEX 7

PROJECT AGREEMENT
931-1166
Remote Sensing for
Resource Assessment
Project Agreement

January , 1979

Between
The Kingdom of Thailand, acting through the Department 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 understandings of

the partics nzmed above ("'Parties') with respect to the undertaking cf
the Project described below, and with respect to the resources tc be

contributed to the Project by the Parties,

Article 2: The Project
SECTION 2.1 Definition of Project. Tho Project which is further

described in Annex A, will eonsist of the provision of U.S5. Government
technical services and materials to the Royal Thal Coverrment tn support
and further Phase 1 of a project designed to develop and irmlerent a
program of ares f{rame sumpling for crop statistics, ,nnex A, sttached,
amplifies the above definition of the Project, [Llements of the amplified

description stated in Annex A msy be changed by written agreement 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 Covernment. To assist the DTEC in

carrying out the Project. The United States Government, pursuant to

the Foreign Assistance Act of 1961, as amended, and Participating Agency
Service Agrcement No. AG/TAB-1166-6-78, agrees to provide through the

U.S. Department of Agriculture, the services and materials specifically
jdentificd in Attaclment I of Annex A hereto. The costs of these services

and materials shall not exceed 100,000 United States ('U.S."') dollars.

SECTION 3.2 Royal Thai Goverrment
(s) The Royal Thai Government agrees to provide or cause to be

provided for the Project all other resources that are required to carry
out the Project effettively and in a timely manner.

() The resources provided by the Royal Thai Goverrment for the
Project will be not less than the equivalent of 30,000 U.S. Dollars.

SECTION 3.3  Project Assistance Comletion Date

(a) The Project Assistance Completion Date (PACD) is September 30,
1980, or such other date as the Parties may mutually agree to in writing.
The PACD i+ the date by which all services and materials to be provided
by the Parties under this Agreement will have been performed and fur-
nished for the Iroject as conterplated in this Agreement,

SICTION 4.1 Project Tvaluatien, The Parties agree 10 establish

an evalustion progran as part of the Project, lxcept as the Parties
othervite apree in writing, the proeras Wi}l include, during the ieple-

mentaticn of the Project and at one or more points thereafter:



(a) evaluation of progress toward attaimment 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 may be used to help over-
came such problems; and

(d) evaluation, to the degree feasible, of the overall development
impact of the Project.

Article §5: Miscellaneous

SECTION 5,1 Commmications. Any notice, request, document,

or other comunication submitted by either Party to the other undey 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 DTEC:
Mail Address: artment of Technical and
conomic Cooperation
Kasem Road
Bangkok, Thailand
To A.1.D,:
Mail Address: USAID/Thailand
American [mbassy
Bangkok, Thailand

SECTION 5,2  Representatives, For all purposes relevant to this

Agreement, the IMEC will be represented by the individual holding or
acting in the Office of Dirsctor-Ceneral, Department of Teclinical and
Economic Covperation and AlD will Le represented by the individual
holding or acting in the Office of Pirector, USAID/Thailand. DTEC and
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AID may, by written notice, designate additional representatives for

all purposes other than exercising the power under SECTION 2.1 to

revise elements of the amplified description in Annex 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 WEREOF, 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 Govermment of Thailand:

Signature: Date
ujati Pramoolpol
Director-General, DTEC

Accepted:

Department of Agricultural Economics
By: Date
Title:

U.S. Department of Agriculture
By: Date

Title:

For the Agency for International
Development:

Signature: Date
. Cohen
Director, USAID/T

National Research Council
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
starting on the date of execution of this Agreement to final con-
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 duc to the dynamically changing conditions
of crop status over short periods of time, Yet every country attempts
to estimatc 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 ares times yield., The
degree of precision obtainable in deducing this estimate depends
upon the tools available to measure area and yield., And this
precision translates to stabilizig food inventories for consumption,
{f the precision is good: or to hoarding of grain.inventorics with
subsequent loss to those in need, if the precinion is bad. In some
doveloping countries of the world, impresision translates to famine.

Agricultural statistics for many countries 1s achiceved by a

full or complete inventory of all farms; i.e. a farm-to-farm survey



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 statistics

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 these sample areas

when multiplied by an appropriate factor to convert the sample 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 fields which were not truly representative

of the Nation's crop status, and *he lack of knowledge of the

appropriate factor by which the sample statistics were to be muliplied.
Beginning with the early 1930's, the operational use of air

force and commercial cameras, and notably the early 1970's, with

the advent of the LANDSAT earth survey satellite, witnessed the

{ntroduction of new technology which minimized both of these problems,

By using both aircraft photograph and LANDSAT imagery with field



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 {rame
estimates arec recognized 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 framc sampling
technique, as well as the future promise of the advanced technology
manifested by processing digital LANDSAT 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 estimation, (3) automatic field
classification, and (4) agricultural - meteorological crop yield
and production modeling.

This Project Agreement covers only phase (1), area frame sampling.
Conditional on the Royal Thai Government (RTG) successfully completing
this phase; i.c¢. the establishment of a full frime for Thailand as
doscribed under Project Description, and conditional on Washington
funds released for a subsequent project to cover costs of phases (J)
(4), this Project Agreeéent wi)) be amended at a later date to permit
USAID and RTG to enter into phases (2) - (4)

Project Description

1. Remote Sensinpg Background in Thailand

In 1972, Thailand was selected to participate in the NASA
Principle Investigator Program for LANDSAT - 1, At that time, USAID



and the RTG signed a Project Agreement to provide Thailand with
technical assistaﬁce and training in the interpretation of the
LANDSAT imagery acquired by NASA over southern Asia., Initially,
between 1972 and 1974, sixty Thai, twelve Mekong Ccmmittee 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 applications 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 {rom 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 Regionul Remote Sensing Center at
AIT. Funded mostly by USAID, with contributions from AIT and UNESCAT,
NRC will supply instructors and the use of thelr photopraphic facil-
fties to the Regional Center., They will make available sclected
aerial photography and access to ground sites for training in nmultd-
stage sampling techniques,

The RT3 cabinet has recently approved the funding of 80 million
baht for the development of a LANDSAT receiving station. This
station will permit periodic (9 dny) acquisition of image dnata from

both of the LANDSAT-2 and 3. These data will be transmitied to the




Thai station whenever the 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 (MOUj) 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,

I1. Agricultural Applications

MOU closely tied to apricultural applications was a project
to initiate LANDSAT-based area frame sampling in Thailand. Cenducted
in 1976, this was a smull grant actively funded by USAID's Office
of Science and Technology in Washington, The grant was administered
by the Environmental Research Institute of Michigan (LRIM), Due
to the fundiap limitation of a $20,000 grant plus about $40,000 in
technical assistance, this activity had only minor impact in Thailand
on-going area frame sampling conducted with the assistance of lowa
State University to the Division of Agriculture Economics (DAL) of

the Ministry of Agriculture § Cooperatives (MOAC). The present area



frame sampling in Thailand depends upon aerial photography which
is flown irregularly over limit:d 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 sciene-
tifically select the smallest sample of fields or other land areas
possible tc 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 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 small sample of ficlds (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 USDA repularly does this in all states within
the continental U,S., where accuracies in state totals for crop
production have coefficients of variation between 3 to 10V, Alr-
craft photography is expensive and in some deveiopinp countries
impossible to obtain due to military restrictions, LANDSAT satel-
lites are potentially available every 9 days (clouds permitting),
hence the nrea frame can be updated when desired. Outside the U.S,,

the USDA is providing assistance in building frames {n Tunisia,



Zaire, Jamaica, Dominican Republic, and other developing countries

under USAID funding.

III. U.S. Government (USG) Contribution to the Suppoirt of
ol 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 (MS$) imagery, available aerial photography, maps, and
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 training (OJT) to their host
country counterparts in both the visual analysis of images and
maps for arca frame technology and field sampling techniques. The
products left in each recipient country will include agricultural
fntensity 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 repor® of the procedures necessary to carry out, and update, the
developed arca frame, In addition, an RTG staff of from three to
six persons would be trained in the techniques of area frame con-
struction by LANDSAT and alrcraft imugery, and maps, 55 well us
the methodolopy of choosing appropriate lant unjfte for ground
sampling. This project does not envision a total agricultural
census of Thailand,

The USDA wil) acquire all recent LANDSAT imagery of the
agriculturally productive arcas of the RTG. AID/W will request



NASA to turn on the MSS sensor during the crop growing scason

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, wheve
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 USDA teuam, consisting of photo-cartographers and -statis-
ticians, will work with the RTG staff{ to classify land use themes
from imagery and select sample land units for a demonstration areas.
The field survey for the demonstration arca will be run while the
image interpretation for the whole country is being completed,
Questionnaires and field procedures will be worked out for the
demonstration area,

Once the results of the demonstration area are verified for
accuracy and the procedure appears operational, the romainder of
the country's sample fivlds wil)l be enumerated by a DAY field
team with minimal consultaticn by USDA staff, Helected data on
crop type, field hectarage, yleld, livestochk, and other land

associated characteristics will be obtained for the sample arcas



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 :otal of one month in Thailand directing the developmen!
of the arca frame. One USDA photo-cartographer will spend 2 months
in Thailand, one statistician 1), 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 equinment to build
an areca frame when they come., In addition, if the RTGC manages
to develop the area frame for the country and elects (conditioned
on AID/Washington funding) to proceed to phase 2 as describec
above, USAID can, if necessary, equip the RTG with a small, desk-
top computer for apggregating crop statistics, Again, conditioned
on AID/Washington funding for later phases (which should he known
by April 1979) and RIG interest, USAID will send, under this project
agrecment, an RTG remote sensing scientist to the U.S5. for training
in advanced computer classification techriques applied to crop
aroa measyrements,

IV, RTG Contribution 1o the Area Frame Sampling Activity

Undey this activity, the KTC wi)) furnisk one full time
agriculture statiztician to manage the frame development, (5)He
would prefersb)y be an emplovee of the Division of Agriculture
Economics routinely ¢arrying out responsibilities esimilar to that

required by this prolect. The job duratien is 10 months, DAE
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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 once month each or a tctal of 10 work-months,

For the full country, szmple 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 them in turn to train one additional enumerator, thus
providing a total of 30 enumerators for the full country sampling.
Although trained enumerators are avallable i1n DAE, they do not

have experience in finding fields from aerial photography and

must be taupght map-reading from this imagery,

The RIC will make available a tota} of 4 months use of a
4-wheel drive vehicle for access to, and transportation between,
sample ficlds. In addition, for sample fields in the {ar northern
and southern provinces of Thailand, 1t may be necessary to {ly
RTG =taff from Banploh to other cities in Thatland., The RTC will
fund demestic travel for KIG staff, USDA team tyavel, both
domostic asx well ss 1ﬁ£€fnétiﬁfﬁl, wil)l be funded by USALID,

The RIGC w11} make svailable, at no cost to the USG, drafting
and class rooms necessary te carry out the phote interpretation
associated with arca frame saerpling, The Jdrafting roon should

be equipped with light tables, planimeters, storage cabinets, color
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pencils, rolls of acétate, and other common irafting equipment
used in cartography,

V. Obhjectives

As a result of this project, the RTG will have ground-
verified statistics of agricultural parameters such as crop area,
yleld, 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 & final repo.t on the Thailand Area Frame Sample Development to
the Office of Science and Technology, Development Support Bureau,
Agency for Interpational Development, Washington, D.C. 20523, USA,
marked Attn. Dr. Charles K. laul, Manager Remote Sensing Programs,
Five copies of the report should be sent to USAID/Thailand. The
report should tabulate crop and other agricultural statistics
based on the sample frame, and should assess the training provided
to RTG technicians and the RTC capacity to enter inte the advanced
phases of the Renmote Sensing for Agriculture Project. The report
will provide a USDA conclusion regardiag the K1G present and
potential future motivaljol in majntaining and updating the frame,
The USDA it under separatle reporting requirements by contract law

to AlD/Washingten's Development Support Bureau, However, for
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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 RGD findings) to
the Documentation Coordinator, DS/DIU, Development Support Bureau,
Agency for International Development, Washington, D.C. 20123, or
his designee., Such reports thall include a title page showing

the title of the report, project title as set forth in this contruct
(or grant) and the centract number. One copy of each report shall
be clearly tvped 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 Technical Comnunications and Propress Reports

- These informal contacts wil) take place on a regular bas:-
between the prcoject manspgers in the U.S. and RTG, Fach mnonth
progress, problems and short term plans will be discussed by
telephone, cable or written correspondence depending on the urgencs
requirerents to insure time tables for project milestones will be

Bot.



Budget Raquirements

Cateqorz !

I.

»

Salaries .

U.S. team leader (1 mm)
photo-cartoarapher ( 2 mm)
statictician (1Y mm)

field techrnicians ( 9 mm)
statistician - manager (20 mm)
80ils maprer ( 3 mm)
agricul=zural eng. (3 mm)

remote sensing sciencist ( 6 rum)
field technicians ( 20 mna)

O 14 s )t 36 (3 15 1o e

Sub total

IX, Travel

USDA - International
USDA - domestic U.S.
USDA - ner diem

RTG - domesatic - air
trucks - ! rmonths

RTG - training in v,8,

Sub total

XII. Equipment

v,

{DSAT products
Maps and supplies

~Computer—

RTG acctato’rolla. ote,
~arial photo

Sub total
USDA Overhead L R
SRS
oIDC

Sub total

TOTAL:

Remote Sensing for
Resource Assessment

ATTACHMENT I
vss$
AD R1g
4,000 -
"500 -
4,000 -
1"200 -
- 8,000
- 1' 200
- 1,200
- £,400
2,700 18,800
11.)‘! ”)
1,000 -
38000 -
e ~ ¥ 1,000
- : ‘,000
37"099 -
~38,000 $,000
12,000 -
1,000 -
« 6p000—_ -
L IR 1,200
’ - i 3,000
tE,i et
19,000 6,200
e
404000 -
-4 0- -
4,9 :
14,300 -
100,000 30,000
aeTnsERn EEEBEe



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 Plenning 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 intent 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 future 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 productinn, Since the launch of the first [arth Resources
Technology Satellite (ERTS), now called LANDSAT, ¢ ,ch research on an
{nternaticnal <cale has been conducted to evaluate the use of the data and
image products collected by thie 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 [c nomice, Statistics, and
Cooperatives Service (E5SCS) of the USDA had developed a wystem which intae
grate: satellite remote sensing dota with "ground truth” data collected for
an operational area tample survey. This system utilizes the synoptic
coverage aspect of the satellite data tn combination with accurately
recorded ground Infurmation collected for a very small sample of land parcels
(about 3 to ) percent campling rate),  This combined use of %atellite data

and ground trfomatior provides significant tmprovements {n the accuracy of

drgd estimates of major crope,
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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,
In most 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 timelie
ness.

1t has been demonstrated that satellite remote sensing image products
cdn be used to effectively di ‘ferentiate between broad land uses,
Frequently maps and conventional photography are either out-of-date or
non-existent. In these cases satellite imagery is particularly valuable.
Also, 1/ setellite digital data fs ever to be used to estimate land cover,
1t {3 essential to have an ASF to provide the statistical basis for
correcting bias that exigsts in spectral data.

2. Project Purpose

The overall proje.t purpose is to develop an ASF for Costs Rica and
following this activity, conduct a national agricultural survey. Work on
ared sampling frame construction began in the fall of 1976 and was funded
by USAID/CH. An area frame has been developed for the Pacifico Central
Region which i one of weven agf‘cultura] regions 1n Costa Rica. A pilot
agricultural survey was conducted in the summer of 1978 as part of the
original project. The resulte of this survey were published .y GOCR
Department of Centus and Statistics in February 1979,

It 1+ the intent of this MOU that the area frame construction be cone-
tinued to completion for the rest of the land areca of Costa Rica. LANDSAT
fmagery now available 1% more current than much of the aerial photography

used for land use determination completed during the first part of the
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overall project. Using LANDSAT imagery, USDA will provide technical
assistance in interperting the imagery to provide an up to date area
frame for all of Costa Rica.

J. Agency Responsibilities

Costa Rican agencies {DGEC and/or OPSA) have the overall respon-
sibility for completing the ASF in accordance with previously agreed and
understood specifications as described in Annex B, USDA (through, Statistics)
will provide satellite image products and the necessary technical assistance
to use these products with existing materials for ASF completion. Monitoring
of this project and disbursement of USDA funds for the project will be the
responsibility of the designated USDA manager in ESCS, Statistics,
Washington, D.C.

4., Resources/Services

The parties to this MOU will provide the following resources to the
extent specified in Appendix A hereto:
8. USDA, with AID funding will provide
. Personnel

Personnel for consultation to supplement the existing
project

fi. Equipment and Suppires

LANDSAT imagery MSS 3-4 scenes )/
LANDSAT 1magery RBY 3-4 scenes 1/
111, Travel

A11 international travel, including trave! and per diem
for USDA personnel involved in technical assistance,

b. DGEC, through OPSA will provide:
{, Personnel
Project Director

Frame Construction Supervisor

1/ As may be avatlable
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Sampling Frame Construction Technicians
Secretarial and Clerical Support
11, Maps and Aerial Photos

As required
111. Space
Frame construction, storage and office as required

iv. Transporation

Funding for in-country travel

§. Reporting

The Project Direcotr, with the assistance of the UISDA Resident Agent,
is responsible for the preparation of quarterly progress reports to be sube
mitted to the <igning authorities of the Costa Rican Ministries and USDA
and the USDA manager.
6. Amendment

This MOU may be amended by agreement of the parties in writing,
7. This MOU shail become effective upon the final signature hereto and
shall remain 1n effect unitl September 30, 1981, unless terminated

sooner by mutual agreement of the parties.



Unfted States

Special Assistant for 11 - :rnationa)
Scienﬁific and Technical Cooperation,
usD

Costa Rica

Date:
Director, UPSA

Date:
Director General, DGEC

Concurrence:

Date:
RTssTon Director, USAID, Costa Rica




Appendex A

Estimated Budget for the Period April 1, 1979 through March 31, 1980

Caseqory Qm;é';g?—i—gﬂfquiva%‘gln%h
I. Salaries
Math Statisticians 5,100 -0-
Frame Construction
Supervisor (- 8,000
Area Frame Technicians 9,000 24,000
Administrative and
Secretarial Support «0- 5,000
Subtotal 4,100 37,000
I1. Travel
USDA-International 2,100 «0-
USDA-Per Diem 2,500 «0e
Domestic Field Travel «0- 5,000
Subtotal 1,500 5,000
111. Equigeent and Supplies
Maps and Photography 1/ «0- 25,000
LANDSAT Products 2,000 «0-
Frame Supplies =0- 1,000
Subtotal 7,000 5,00
IV. Space and Facilities -0- 5,000
V. Overhead 5,175 0-
Tota) H: ] 73,50

J/ Available from existing Area Sampling Frame 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
0l
(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 cultivated for crop production,

Include tree crops. QOther crops will inc¢lude

sugarcane, rice, beans, corn, vegetables, etc.

(Orange) 1-30 percent cultivated for crop production,
Will include pasture (grazing) land and land with

8 low (target 15) percent of cultivation,

o4
“M) Non-Aqriculty raI‘ Land

No visible cropland or agriculture of any kind

(fncluding grazing). Examples would be coasta) marsh,
swamps ., lava fielads, mountains above trae'Iinas. canyons,
nations) parks and military land where no agriculture 1s

permitted.

0%
(Green) Cities and towns - Population density of 50 or nore

dwellings per square rilometer, Thit would be determined
from either quad maps or the photographic mosatcs primarily

photographs. The s12¢ would be utuslly 17 or more



Stratum Definition

city blocks. There should be no agriculture in
this stratum or else the town would go in the

agricultural urban stratum (06).

06
(Green) Agricultural Urban - Land with the required population

density and number of city blocks but can also contain

some agricultural land,
07
(Dark Blue) Mater - Lakes, natural and man made, major rivers,

Stratym Minimum size for stratum block (in kmz)
0! 1
02
03
04
05
06
07
Boundaries - priority
£o3ds
grails - where washout and movement are unlikely

W X O o ;N

ganals - for drainage and irrigation

fgilrpads
rivers - of continous annual flow



Use field boundaries, minor ctreams and other visible features when
boundary dilineation is required and no priority houndaries exist.

Note: County, agricultural region, and province boundaries will be honored.

FRAME UNIT (COUNTY UNIT) SIZE

Stratum Desired Size ng!gﬁﬁlon Size

01 4 -6 1-9
02 7-N 2 -16
03 2 -3 6-48
04 0 - 42 8 - 64
05 2 -6 k-8
06 2-6 -8

07 any size g to any size
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e. FAA Sec. 202(a). Total amount of
money under loan which is going directly
to private enterprise, is going to
intermediate credit institutions or
other borrowers for use by private
enterprise, is being used to finance
imports from private sources, or is
otherwise being used to finance procure-
ments from private sources?

f, FAA Sec. 520(d). [f assistance i$
for any productive enterprise wnich will
compete in tne U.S, with U.S. enterprise,
{$ there an agreement by %he recipient
country to prevent export to the U.S5. of
more than 20% of the enterorise's annual
production during tne life of the loan?

Project Criteria Solely for Security
Supporting Assistance

NA
a. FAA Sec. 531. How will this assis-

tance support promote economic or
political stability?

b, FAA Sec. 533(c) (1), WlL assdistance
under fhe Scuinen Aprccan Special
Requirgments Fund be used gor mlitany,
guolla, on parm Ly activitied?

Additional Criterva for Alliance, for
Progress NA

[Note: AlliLnce for Progress projects
should add the following two items t0 &
prosect cnecklist.)

a. FAA Sec. 251(n)('}, -(8). Does
assistance taxe 1nto account principles
of tho Act of Boco%a and tne Charter of
Punta de) fste; and to wnat extent will
the sctivity contribute tc the economic
or political integration of Latin
America?

D. FAA Sec. 28)(r)(E). 251(n), For
Yoans, has there Leer taxen 1nto account
the effor?t macde by rezipient nation to
repatriate capital i1nvested in other
countries by their nwn citizens? I3

loan consistent witn the findings and
recommendations cf the [nter-American
Committee for the Alltance for Prooress
(now “CEPCIES," the Permanent Executive
Committee of the DAS) in 1ts annual

review of national development activities?




Part 1

TAANS, MEMO NO. EFFECTIVE DATE PAGE NO.
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SC(3) - STANDARD ITE™ 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 ayreement 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 To a limited extent - feasibility studies
permit U.5. small business to participate for phases 3 and 4 of project open to

equitably in the furnishina of goods and
services financed? small business competition.

2. FAA Sec. 604{a). Will all commodity Yez
procurement financed be from the U.S.
except as otherwise determined by the
President or under delegation from him?

3. FAA Sec. 604(d). If the cooperating NA
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. 6D4(x). [If offshore procure- NA
ment of agricultural commddity or
produzt is tn be financed, is there
provision against such procur ement when
the Jomestic price of such 5 modity {3
Jess than parity’

§. FAA Sec. 608(a). Will U.S. Government 168
exces. personal property be utilized
wherever practicable in lieu of the
procurament of new ftems?

6. MMA Sec. 90V(b). (a) Compltance with Yes
requirement tha* at least 50 per centum
of the gross tonnage of commodities
(computed separately for dry bulk
carriers, dry cargo liners, und tankers)
financed shal) be transported on privately
owied U.S.-flag commercial vessels to the
extent that such vessels are avatlable
at fair ang ressonable rates.

7. FAA Sec. A21. If technica® ossistance .
Tv Tinanced, will such assistance be fur- U.S. Dept. of Agricultural assistance in

nighed to the fullest exten practicadle acquisition of crop statistics. USDA has
as 900ds and professtonal and other sole charter in U,S. for this service,

services from privyte enterprise on 2
contract best1s? 17 the facilities of and thus will not be competing with U.S. '

project in LDC'as.
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are LIy Al viLuigily Ul vauITy Ve
competitive with private enterorise,
and made available without unaue inter-
ference with domestic programs?

International Air Transport. Fair
Competitive »ractices Act, 1974 Yes

If air transportation of persons or
property is financed on grant basis, will
provision be made that U.5.-fiag carriers
will be utilized to the extent such
service is available?

B. Construction

1.

FAA Sec. 601(d). If a capita) (e.g., NA
construction) project, are engineering

and professional services of U.S. firms

and their affijiates to be used to the

maximum extent consistent with the

national interest?

FLA Sec. 611(c). If contracts for
construction are to be financed, will
they be let on a competitive basis to
maximum extent practicable?

FAA Sec. €20(k). If for construction

of productive enterprise, will aggregate
value of assistance to be furnished by
the U.S. not exceed $100 million?

C. Othar Restrictions

FAA Sec. 20V{d). 1f development loan,

Ts Tnterest raze at least 2% per annum NA
during grace period and at least 3% pe-

annum thereafter?

FAA Sec. 301(d). 1f fund 1s established
solely by U... contributions and adminis. NA
tered by an international oroarization,

does Comptroller General have audit

rights?

FAA Sec. €20/n . Do arrangements

preciude promoting or assisting the No
foreign atg drojects or activities of
Communist-Bloc countries, contrary %0

the best interest: of tne U.3.?

FAA Sec. 636(1). s financing not pere Yes
mitted 10 be used, witnhout watver, for
purchase, long-term lease, or exchange

of motor venicle manifactured outside

the U.S. or quaranty of such transaction?
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50

Wil1l arrangements preclude use of
financing:

3. FAA Sec. 114. to pay for performance
of abortions or to motivate or coerce
persons to practice abortions, & pay 4or
performance og involuntary sternilization,
0A 0 coeree or provdde ganancial incentive
L0 any person o practece sterilizationt

D. FAA Sec. 620(g). to compensate owners
for expropriated nationalized p.operty?

c. FAA Sec. 660. to finance police traine
ing or other Jaw enforcement assistance,
except for narcotics programs?

d. FAA Sec. 662. for CIA activities?

e, Agg. Sec. 103. to pay pensions, etc.,
for military personnel?

f. App. Sec. 105. to pay U.N. assessments’

y. App. Sec. 10s. to carry out provisions
of KE Sections 209{d) and 251(n)? (trans-
fer to multilateral organizaticn for
Tending).

h. . See. M1, Lo {wnance the export
o exr equapment, fuel, oa technology
or L0 adn poregn natwnals » nuclear
flelde?

4 App. Se-. 501. to be used for publicity
ORr Dropagancs purposes within {.S, not
suthorized by Congress?

Yeas

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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6. FAA Scc. 320la), 8200415 App. Sec. L No. No.
TIE. I3 rccqpdent cowtiy @ vommuidl

Tountry? Wil assdstance be provdded
to the Socdaldiss Repuodde 0§ Vaetnam,
Camoodia, laos, Cuba, Uganda,
Mozambique, o0x Angofa?

7. FAA Sec. 520li}, Is recipient country in
any way invoived in {a! subversion of, or a) No b) No.
military aggression against, the United
States or any country receiving U.S.
assistance, or (0} tne planning of such
subversion or aggression?

8. FAA Se¢. €20{j). Has the country pere
mitted, or falied to take adequate No.
measures to prevent, the damage or
destruction, by mob action, of U.S.
property?

9. FAA Sec. 620{1). If tne country has
failed to 1nstitute the 1nvestment NA
guaranty orogram for the specific risks
of expropriation, inconvertibility or
confiscation, nas the AlD Aaministrator
within the past year considered denying
assistance to such government for this

reason?
10. FAA Sec. 620/rn}; Fishermen s Protective
Ace, Sec. 5. . country nas seized, or Not known for all 9 countries - Jamaica, Dom-
imposec any penalty or sanction against, inican Republic, Costa Rica, Ecuador, Bolivia
::{1';821' :;[:;29 actrvities in inter- Morocco, Indonesia, Thailand, and the
' Philippines.

8. has any adeductton required by Fisher-
men's Protective ACt been made?

b, has complete dertal of assistance
bean considerec ty AlD Administrator?

11, FAA Sec. €20(q), Anp. Sec. 503, (a) Is a) Not known b) Not known
the government cf the recipient country
in defaul: on tirterest or princtpal of
any AlD loan to tne country’ (b) s
country 1n cefau't exceeding one year on
tnterest or principal on U.5. loan uynder
program for which App. Act appropriates
funds, vnless dedt was earlier cisputed,
or agpropriate steps taken to cure defaull?

18, FAA Sec. 620(s;,. “lf contemplated assis- NA
tance ‘s development loan /including Allt.
ance loan) or security supporting assistance,
nag the Aaninistrator taken into account the
percentage of the country's budQet which {s
for military expenditures, the amount of
foreign exchange ipent on military equipment
ang the amount spent for the purchase of
sophisticated weapons systems?” (An
affirmative aniwer may refer to the record
of the %aking into account, e.g.: “Yes a8
reported in snnual report on implementation
of Sec. 620(%)." This repart 1§ Drepared
8t the time of approval by the Adminigtrae
tor of the Uperations! Yesr Buoget.




Part |

TRANS, MEMO NO,

'AID HANDBOOK 3, App 5C 3:22

EPFECTIVE DATE

April 12, 1978

PAGLR NO,

§C(1)-3

A2

13,

14,

15.

14.

7.

18,

Upward changes in the Sec. 620(s) factors
occuring fn the course of the year, of
sufficient significance to indicate that
an affirmative answer mignt need review,
should still be reported, but the statu-
tory checklist will not normally be the
preferred vehicle to do so.)

FAA Sec. 620(t). Has the country severed
diplomatic relations with the United
States? If so, have they been resumed
and have new bilateral assistance agree-
ments been neqotiated and entered into
since such resumption?

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 AlD
Administrator in determining the current
AID Operational Year Budget?

FAL Sec. 620A. Has the country granted
sanctuary from prosecution to any indivi.
dual or group which has committed an act
of international terrorism?

FAA Sec. 666. Does the country sbject,
on basis of race, religion, national
origin or sex, to the precence of any
officer or employee of the Y.S. there

to carry out economic developnent program
under FAA?

FAA Sec. 669, 670. Has the country,
agler Augusl 5, T977, delavenna on
Aececved nuclear enuschment ox wproced-
snng Qquapment, materdals, cr Lechwology,
withoul speccyacd arrnangements o4 4age~
guards? has <& detonated a nuclear
devdce agten Augusl 3, 1977 although not
g "nuclear-weapon S€xle” under the
nonproleieration twaty?

FAA Sec. 901, Has the country denied 1ts
¢itizens the right or opportunity %0
emigrate’?

8. FUNDING CRITERIA FOR COUNTRY

1.

Development Assistance Country Criterty

a. TAA Sec. 10°(c), {d}. Have criteria
heen 73tablisned, and taxen 1nto account,
to asiess commitment and progress of
country in effeccively involving the

poor in development, on tuch tndexes 43!
{*) small-farm laoor intenstive p3rie
culture, (2) reduced infant mortality,

(3) population growth, (4) equality of
{ncome distribution, and (5) unemployment,

No

Not known

Believed not

No

No

Yes, by AID nissions
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b, FAA Sec. 104(d)(1]. 1§ appropriate,

& th development lancluding Sahel)
activity desdigned 2o build motivation for
smallen gamilied in programd Au@1g4 educa~
tion in and out of scnool, nutaution,
disease contwl, mtenal and child health
servdces, aguicultunal produciion, aunal
development, and assislinc. Lo uiban poonrt

e, FAA Sec 201(b)(S5), (7) & (B); Sec.
208; 211(ajlda), /1. Describe extent to
which country 1s:

(1) Making appropriate efforts to increase
food production and improve means for
food storaae and distribution,

(2) Creating a favorable climate for
foreigrn and domestiC private enter-
prise and investment.

(3) Increasing tne public's role in the
developmental process.

(4) (a) Allocating available budgetary
resources to deveiupment.

(b) Diverting such resources for
unnecessary military expenditure and
intervention 1n affairs of other free
and independent nations.

(5) Making economic, socta), and political
reforms sucn as tax collection improve-
ments and changes 1n land tenure
arrangements, and making progress
toward respect for the rule of law,
freedom of expression and of the press,
and recoonizing the importance of
individua! ‘reedom, initiative, and
private enterprise.

(6) Otherwise responding to the vital
economic, polittical, and social cone
cerns of 1ts people, and demonstrating
a ¢clear cdetermination to take c!!ect'!’
se)f-nelp measures.

d. FAA Sec 200 InY, 2V1la}. s the
country among the (U countries 1n which
development a3sistance loan. may be rade
{n this f1scal year, cr amorg the 40 in
which development asittlance orants
(other than for sel¢.nelp projents) may
be mude’

. FAA Sec. 11U W)Y country be
yrnTehed, 1n seme flira' yesr, either
gecurity supper® g asvistance, or
Middle [ast pea‘e funas? [f 10, hib
Conprtas apecepacally aulhorczed suth udt
0 fuads, or 1t sssistance for population
programsg, humanitarian al¢ through intere
adtional orjanizattions, or reqiona)
programs?

Yas, for agricultural production

All nine countries are presantly striving
for field area frames for crop statistics.

All nine countries encourage private invest-
ment in their resources.

Not known in all countries
Most are expanding development activieies

All countries are not excessively purchasing
military arms at the expense of economic
development, and none are meddling in

the affairs of other countries.

Even those countries in Latin America, which
have had military regimes (such as Bolivia),

are moving toward free elections in the
next six months.

All are effectively moving toward self help;
this project is & cooperative effort.

Not known., Believe Indanesia and Bolivia
may be two.
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2.

Security Supporting Assistance Country
Criteria

3. FAA Sec. 5028. Has the country
engaged 1n a consistent pattern of gross
violations of internationally recognized
human rights? Is program in accordance
with policy of this Section?

b, FAA Sec. 537. Is the Assistance to
pe furnishea to a friendly country,
organization, or body eligible to
receive assistance?

C. FAA Scc. 533{c){?). will assdstance
unden Zne Southern African Specdial Requinres
ments gund be provided to Mozambique,
Angola, Tanzandia, or lamoda! 14 40, has
President detewvmined land rweponted Lo the
Congress| that such asssstance will {urther
U.S. goreign polucy <nterests?

d. FAA Sec. 60G. I[f commodities are 10

be granted sc that sale proceeds will accrue
to the recipient country, have Special
Account (counterpart) arrangements been
made?

. App. Sec. 113, Wl secundity ase b+
Lance oc paovaded gor the puapose 0f
aiding detectly the efgorts 0 the govens
ment 0f such country Lo repass Lhe
Legitumate agnts of the populiation 0§
SUCh country contrany Lo the Universal
Declaration of Human Rights!?

‘. FAA Sec. 620B. Wwill secutily dupports
g dasalance be fuuwsned Lo Mgentina

agler Septemben 30, 19747

NA




