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Executive Summary
 
This s ubproJect 
 was designed to s'trengthen researchcapabilities in amricultural meteor-ology in ICAR by providingequipment, training, and technical assistance. It directly
supports the ARP which states 
its purpose is 
". . . to strengthenIndian Ariculturalthe research system's ability to conductresearch on priority problems.... .The following objectives
were established: 
1.) Model the interactions between weather andcrops, 2.) Develop 'response farmine' procedures, 3. ) Developcrop yield forecasting models based on crop canopy spec! rnlmeasurements, 
1. ) Develop techniques to use agrometeorological

data for farm-level management decisions, and 5.) Assist in the
developmert of the CRIDA. 

The U.S. commitment to 
this subproject was 
$1,570,000, while
that of the ( was() I Rs. 6,999,000. Ob.ietive I re:,ePi vfd themost traininIm anid instrumentation. There has been no formaltraining on ob.ietive 2, but some of the iristrumentation andtraining for ob.jrotive I are applicable. Oh.jective 3 has not.received any formal training, but instrumentation was purchased.Objective 4 has received limited formal. training. Objective 5lins been stpjort nId by computer hardware, perPsO6niiel , arnd

meteorological 
instrumentation deployed at 
the CRIDA.

Consul t ants ale(qjuntely conducted training actIivities
workshops. arid

Appropriate instrumentation and training sites were
 
selected.
 

esearch progress for Objective I has been in the form ofempirical regression relationships between yield and measured orderived climatic pnrameters. Resenycch plans haivo been devtlo.I)edto quntiLify processes at work be!!tween crops and weather-. Resul tsfor objective 2 include analyzed precipitation data for a numberof locations anid will provide necessary input data for de-velopingresponse farmiui' procedures. For objective 3, experiments areongoing evaluatinc a yield model using reflectance measuremnril.s.Little formal progress has been made on objective 4, althoumh
results from objectives I and 2 will apply. 
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U.S. inputs of training, technical assistance, and equipment 
have been essen t.i ul for proart'ss to daute. Imlproved futLure 
cooperation with the U.S. is possible arid likely. With this 
subproject, ICRISAT personnel and facilities could and should 
take a greater role. The U.S. has established some of the
 
necessary requirements (e.g. training and equipment) that will
 

enable this interaction with ICRISAT to increase and be
 

productive.
 

Minor alterations are suggested in training activities. The
 
purchase of additional equipment is critical for maintaining and
 
improving subproject progress arid, importantly, for capitalizing 
on the existing investment in several important other areas. 

This subproject has made a good start. arid the additional 

equipment will be well-used and is important to enhance prospects
 
of cooperative research with 
U.S. adld ICRISAT scietitists. 
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I. Subproject Description
 

A. Purpose
 

1. Statement of Purpose
 

This subproject, approved in 
1988, was designed to
 
strengthen research capabilities in agricultural meteorology in
 
ICAR by providing equipment, training, and technical assistance.
 
For this subproject, USAID resources have been provided to
 
facilitate the introduction of proven technologies for increasing
 
both irrigated and dryland crop production by 1.) developing an
 
understanding of crop-weather and crop-soil-water-management
 

interactions and applications of these results, and 2.)
 
strengthenina the coordinating cell at the CRII)A, Hyderabad. 

2. Linkage to Higher Goal
 
Given the higher goals in India 
 to sustain natural rpsources 

and inerease production of agricultural crops; and the i mport.ance
 
ICAR has place on increasing 
 production and efficiency of
 
irrigated 
 farming (Rao, 1988), increasine the knowledge-brii on
 
the effects 
of weather on crops is critical. This improved
 
knowledge-base 
 will directly support strategic objectives for
 
national planning (e.g. allocatinig research resources, 
identifying key regions for introduction of new crops, etc.) 
and
 
tactical, on-farm decisions. This project. directly supports the
 
ARP which states its purpose is ". . . to st.rengthen the Indian 
Agricultural research system's ability conductto research on
 
priority problems.... ".The ICAR haq sel i hieh 
 pri o niyon 
increasing agricultural production in 
the 'less-fRvourablp' 
environments o f Inii a wh(,ro enther and biotic otherand th iotic 
factors ,i,y sluhshintially limit. production (1.p. Abro], 1990, 
personal omnii l1t ion ). Quantifying the effeets weatherof on 
agricultural crops 
will assist in this effort.,
 

H1. Spc i fr i, OhJ nc t. i y,.e
 

1. Statement of Problems/Constraints
 
Soil wat.er availability is 
a major eiivironmental factor
 

affecting crop production, especially drylandin agriculture 
where soil levels are primarily dependent upon the supplywater 
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(precipitation) and withdrawal 
(evaporation) of water. 
This 
subproject. focused ont the initeraction betwoon crops arid weather, 
with special emphasis on soil water, and on providing assistance 
to 
farmers for overcoming production constraints through 
the
 
development and dissemination of agricultural weather advisories.
 

2. Descriptive Statement of Objectives
 
The following objectives and related methods were
 

established for this subproject (ICAR, 1987):
 

a. 
Objective I (Crop-Weather Relationships):
 
Study and model the influences of and interactions between crop
 
genetic characteristics, weather' parameters, soil 
properties and
 
management decisions on watercrop requirements, actual
 
evapotran5spiration, growth, 
 and yield. This ob.ioctive wi ll be
 
accomplished by establishing line-source 
 irrigation experiments
 
which -simulate dryland to fully irrioated soil water 
 conditions
 
and by conduct ing 
 detailed. microelimatie studiv s quanritifyiTIL 
Tela tion sh)ips |)etwve:)l filltt.IIJI 1)164-F1 .l 1i.,i,''o ir, i ,,lr,,,,ritk
 
Neat.ron probe inoas ur.ments of soil water w ill h e 
 used for" wi ter
 
balance caluleatlotiois. Water 
 production fuitetiotis, i.e. linear
 
relntionship. between crop yield and 
 actual Pvalpotrantspirat.ion
 
(ET), as eff!ct..ed by fertilizer rates, plant 
 populations , ete.,
 
will be determined from 
 line-source irrivation experiments. 

b. Objective 2 (Response Fairmin): Response 
farming means making strategic r)re- and within-season management 
decisions (e.g. genotype, plant populat. i (Ut, fe'!t ility) brin.sd upon 
expected crop yield. Procedures will be developed using : 1.) 
analogue modelling of historical rainfall patterns, accurate 
d,,y forenstcs from DST , arid/or ncurate si-.onal monsoon 

Irectists to .From I. I) e:sti"Ia )-ojir ble Soil water conditions in 
approachin.g cropping andseasons 2. ) results obtained unider 
oli,j e't ivv I . T? I I. i ('shi ps wi1 1 le f'ord(eN (- Iled , exarimp] , 
between the date of monsooni onset or monsoon duration arid total 
seasonal preeipi LaLion. The'sh- proci p it nt..iiii tunlIysesS i011 hr. 
hastened by the establishment of computerivod afrometeor-oiogica] 
data bases and analytical capabilities at subpro~iect locations. 

3-10 



Objective 3 (Spectral Models): Develop crop
 

yield forecasting models based on crop canopy spectral

measurements as 
affected by crop growth and development,

incidence of pests and diseases, and moisture stress. 
 Spectral

measurements will be made at Jodhpur, New Delhi, and Hyderabad.
 
These,, in.conjunction.with':agronomic measurements (e.g. leaf
area, above ground dry:matter, etc.), would le used to develop
 
the relationships.
 

d.. 
 bjective 4 (Agricultural Weather Advisories):

Develop techniques to use agrometeorological data for tactical
 
farm-level management decisions. This objective wili be
 
accomplished by combining research findings from weather
 
forecasting (e.g. 3-10 day forecasts from DSTI and modelling

studies 
(e.g. yield-ET relationships) to formulate
 
recommendations to 
guide farmers and advisors on tactical
 
management practices to achieve maximum production from specific

crops in localized areas. 
 Working linkages will be created with
other ICAR projects engaged in on-farm trials and demonstrations.
 

e. Objective 5 
(Assist CRIDA): Assist in the
development of the CRIDA as 
the center for data compilation,
 
analyses, and dissemination.
 

C. Input/Output Matrices by Objective
 
1. Specification of Inputs
 

a. U.S. 
 The U.S. money commitment to
subproject was $1,570,000. 
this
 

This total was divided into training

($408,000), consulting services 
($260,000), 
and equipment

($917,000). 
 Training and instrumentation allocated to each
 
objective are summarized in Table 1.
 

Appropriately, objective 1, quantifying relationships

between crop production and weather, 
 received the most 
training

and instrumentation. 
The workshop by Dr. Taylor provided an
introduction to crop models and PCs, while the workshop by Dr.

Hanks provided training on establishing line-source experiments,

calibrating neutron probes, operating data loggers, and
 
developing yield-ET models, all of which are essential for
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progress on objectives 1 and 2.
 

There has been no formal training on objective 2, but
 

training and a workshop should be provided (see Recommendations).
 

The PCs could be used for data analyses. Results from *line.­

source experiments and analyzed precipitation data could be used 

to develop software, probabilities., and data bases.
 

Objective 3 has riot received any formal training, but is
 

indirectly supported by t.rainina 6n objective I arid directly
 

supported by the spectral radiometers.
 

Objectivo :iwas partially covered in the training received 

at Iowa Stat e Universi ty arind Un ivrsi ty or Nrobraska , but, 

additional training on this objective is needed (see 

Recommendat ions).
 

Objective 5 has been supported by the computer hardware, 

personnel. and meteorological instrumeit.ation deployed at the 

CR I DA. 

b. G 0 1. The G 0 1 com.mitmint of monv to this 

subproject was Rs. 6,999,000. This total was divided into pay 

and allowances Rs. 5,528,000), T.A. (Rs. 257,000), r'ecurring 

contingency (Rs. 914,000). arid non-recurriig contingency (Rs. 

300,000). 

The 1 0 1 deploy.d per'sonnel for training on objectives 

and 4 an(d on delineation u f avroeco lovi .a] environments arid 

(eographical Iinorit.a t.i ni SY't.em sof'Oi lre. Traininut is planned on 

the spatial dynamics of insect pests; crop growth modelling and 

ilS t ti n and I i lI,-s(o lI'c(' iil |)iO-l',)tict.i olru' ll i ()n: i: iT 1. ill$ water 

ril i ' I(Ili,. :1iil i list.i'llne l Iai(lIII. Tlvi Iat.te r of t.hisl . hoii ld he 

de1tted ind traiiitig ind itworkshop ol aericultura.] went.her 

iidvisori es should be com pl' tod. 

2. Specificatiori of Linked Outpu t.s 

Tbo combi natio n of tx p0sure t.o ( rop sinitilatiin no l(le1s and 

micromptoorolog ical insttnumen tation v:ill provide il excellent 

opportuni t.y for enhalineini research cap;ibi lit es of Indian 

scientists.
 

II. Techiiical AssssmenI 

I 
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A. Input/Output Progreps by Objective
 

1. Assessment'of Inputs )rokviled
 

a. U.S. (Appropriateness, Timeliness, Quality)
 

1.) Expert consultants for workshops. 
Consultants hired for workshops were good scientists and were 
capable of developing and conducting the workshops. There WaB, 

however, uncertainty on their part regarding responsibilities of 
the U.S. and Indian leaders for the first two workshops (e.g. 
what materials consultants were to bring to India and who was
 
responsible for 'leading' the workshop). This uncertainty has 

been clarified. 

2.) Instrumentation. Appropriate 
instrumentation was purchased (Table 2). The following points 

are relevant: 

a.) Delayed instrumentation delivery
 
caused minor problems with successful completion of the first two
 

workshops.
 

b.) Some instrumentation suggested in
 
the design team report (Stewart and Dugas, 1988) has not been
 
ordered (e.g. line-source irrigation systems). However, the G 0
 
I has allocated resources for their purchiase; field research
 

should begin in 1991.
 

c.) Additional instrumentation is
 
needed (see Recommendations).
 

d.) Calibration standards have not been
 
ordered and procedures have not been established for periodic re­
calibration of radiation and humidity sensors at research
 
stations. Instrumentation was compared at 
the CRIDA before field
 
deployment. Procedures for repeating this need to be
 
established. For example, annual checks ought 
to be made to
 
ensure that sensoro are within IMD specifications. Procedures
 
for comparing temperature, precipitation, and wind speed
 
measurements from instrumentation associated with this subproject
 
and from IMD sensors at subproject locations need to be
 
developed. 
 Without both of thene efforts, instrumentation will
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likely be useless in the near future@
 

e.) Scientists have received training
 
on use of most of the instruments at the workshop led by I)r.
 
Hanks. Training should be continued on this activity (see \
 
Recommendations). 
 The purchase of this equipment provides an
 
important opportunity'to utilize this relatively small investment
 
to bring much greater returns. This equipment, for example,
 
provides for the possibility of closer linkages with crop
 
modelers, inexpensive measurement of other important
 
meteorological elements (e.g. UV-B), 
and possible interation with
 
other disciplines (e.g. animal science, plart pathology, etc.).
 
These oppourtinities should not be missed. 
Efforts need to be
 
put forth to ensure it is used efficiently and properly.
 

f.) Appropriate software has been
 
ordered for the subproject (Table 2).
 

g.) Computers purchased for the
 
subproject are in line with those recommended by Hatch (1989) 
and
 
are sufficient for subproject tasks.
 

3.) Training venues. U.S. training sites
 
agreed with those re4commended by the design team (Stewart and
 
Dugas, 1988) and were appropriate.
 

b. G 0 I (Appropriateness, Timeliness, Quality)
 

.1.) Personnel. Staffing of ICAR centers
 
needs to be completed quickly. Without proper staff, returns on
 
instrumentation and training investments will not be maximized.
 
At present, 54 posts out of 
a total of 72 have been filled
 
(Ramana Rao, 1990b).
 

2.) Training workshops. Workshop success
 
has inreased with each one. Success of first two was 
limited by
 
access to 
a sufficient number of adequate computers. This was
 
less of a problem in the third workshop. This problem needs to
 
be resolved by deploying at a location, either temporarily or
 
permanently, a sufficient number of computers for workshop use.
 
Pre-workshop training courses on basic microcomputer skills
 
should be provided for workshop participants. The level of
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computer skills of workshop participants varies markedly.
 
Therefore, workshops are not as efficient as 
they could be in
 
accomplishing goals because 
'background' material on
 
microcomputer basics needs 
to be covered.
 

3.) Trainees.
 

a.) Trainees have varied in their
 
background and capabilities for training activities. 
This has
 
affected success of training activities. A common problem has
 
been the lack of basic computer skills.
 

b.) Trainees should be given a pre­
training course on microcomputer basics.
 

4.) Coordinating Committee. 
 This committee
 
has provided important guidance on training venues, trainee
 
selection, instrumentation purchases, and project direction. 
 It
 
is essential for effective communication within India and between
 
the U.S. and G 0 I.
 

2. Assessment of Outputs Achieved (Qualitative)
 
For the purposes of this subproject, outputs consist of
 

research results or 
plans. Research plans should identify sites,
 
timetables, objectives, methods (instrumentation, personnel,
 
facilities, analytical procedures), expected results, and,
 
perhaps most importantly, publication plans. 
 Adequate research
 
plans are especially important for objectives 1, 2, and 4. 
Some
 
research plans have been developed (Ramana Rao, 1990b).
 

Research activity has varied for each objective:
 

a.) Objective 1 (Crop-Weather
 
Relationships). 
 Research results have primarily been empirical
 
regression relationships between yield and measured or derived
 
climatic elements. 
Although these are reasonable first efforts
 
and useful to a limited extent, these results can 
be site-, crop­
, and location-specific. Additional research 
is needed to
 
quantify fundamental processes that are operating.
 

Several experiments have been and are 
being conducted which
 
could be used to develop/describe these processes, but they often
 
have been limited by the lack of critical measurements of
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radiation, canopy devwIbpment, and soil water. This has been
 
eliminated with equipment delivery.
 

Also, plans have been made to conduct future research
 
wherein-data could be collected to quantify these processes
 
(Ramana Rao, 1990a). Appropriate crops have been selected and
 
uniformity has been established on datp collection, storage, and
 
analyses, and experimental procedures. The latter includes
 
number of replications, and measurements of phenological stages,
 
yield components, soil moistdre, and canopy development
 
(determined from radiation interception measurements and measured
 

leaf area). Subproject participants are to be commended for
 

detailing such an thorough program.
 

Field experiments using line-source instrumentations will
 
begin in 1991. ICAR funds have been provided for purchase of
 
irrigation equipment for five centers following guidelines put
 
forth by Stewart arid Dugas (1988). Research plans similar to
 
those described in the preceding paragraph need to be developed.
 
Progress on 
this effort is critical to complete the 'response
 

farming' package.
 

b.) Objective 2. Results for objective
 
2 include analyzed precipitation data for a number of locations.
 
Primarily descriptive, these results (e.g. probabilities of
 
weekly precipitation amounts) do, however, provide necessary
 

input data for developing 'response farming' procedures.
 
Extensive work has been completed, for example, on probabilities
 
of precipitation amount and growing season 
length as a function
 

of the timing of monsoon onset.
 

c.) Objective 3. Experiments are
 
ongoing at Anand, in conjunction with the SAC, evaluating a yield
 

model which requires inputs of canopy reflectance measurew,ents.
 

Experiments will be conducted at three subproject locationj in
 

1991 in conjunction with .the SAC.
 

d.) Objective 4. Little progress has
 
been made on this objective. Significant progress 'on this
 

objective in India is dependent upon establishment of the
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necessary data bases, models and associated software, and
 
communications facilities.
 

e.) Objective 5. 
The coordinating cell
 
at the CPTDA has been strengthened in terms of personnel and
 
equipment.
 

An assessment of the progress made in training,

instrumentation, and workshops provided by U.S. 
funds will be
 
discussed individually. 
Most subproject activities have been
 
concentrated in the past two years 
(Table 3).
 

a. Training in the U.S.
 
1.) 
 Success of U.S. training activities
 

depended upon trainee background and initiative and upon the
 
'fit' between trainee researcl objectives and training

objectives. 
 Trainees need to be encouraged to 
share experiences
 
with others'in subproject upon return to India 
(see
 
Recommendations).
 

2.) 
 Pre-trip briefing of Indian scientists
 
on training objectives and activities has been insqfficient.
 
Timely pre-training briefings would enable them to prepare, for

example, data sets for use 
in training activities. 
 This lack of
 
pre-training briefings has reduced the efficiency of training
 
activities.
 

b. Workshops. 
Workshops have been successful and

the success has imprpyed'with each one. 
 This is partially due to
 
increased awareness 
in. India regarding logistics (computers,
 
facilities, etd.) 
and to increased familiarity of workshop

participants with microcomputers and sbftware. For the first 
two
 
workshops, misunderstandings existed on the part of the technical
 
experts concerning teaching material required and
 
responsibilities, respectively.
 

c. Expert consultants. Consultants have provided

needed subproject i.put for planning (Stewart and.Dugas, 1988)

and directing workshops. A lead consultant should be retained to
 
provide continuity, serve as a 
'point of contact' for the ICAR
 
coordinator, assist in the U.S., 
and provide technical guidance.
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d. Instrumentation. Instrumentation purchased was
appropriate, was needed, and could have a large impact on
 
research in India.
 

B. 	Progress toward Objectives
 
1, Appropriateness of Objective Priorities
 

a. ICAR/SAU System. 
The ICAR system is ideal for

this activity. It has the advantages of direct linkages with the
 
state agricultural universities, working relationships with other
 
government agencies (e.g. DST) and a history of interaction with
 
U.S. 	universities.
 

Objective 1 (Crop-Weather Relationhsips).

Quantification of the fundamental processes at work in
 
relationships between weather and crop yield is critical. 
 This
 
quantification will allow research in India to go beyond its
 
current level of descriptive climatic qnalyses (,,neans 
and
 
deviations of particular elements and agronomic measurements) and

of developing empirical relationships (typically using least
 
squares regression analyses) between yield and a number of
 
climatic elements. 
Therefore, ICAR was correot is eBtablishi.r
 
objective I as 
a high priority.
 

Objective 2 (Response Parming), 
 The
application of 'response farming' to 
Indian agriculture is worthy

of pursuit. If ICAR is interested in making rapid progress, it
 
should involve Dr. Ian Stewart, an individual who knows the
 
subproject, knows the response farming concept well, and is
 
committed to its implementation. 
 This activity should procred

after the first line-source results are available.
 

Objective 3 (Spectral Models). 
 The

importance of work on objective 3 is of lower priority. 
 The
 
relationship between spectral responses from crops and yield (or

other agronomic parameters) is often not straightforward arid
 
equipment sophistication also complicates the task. 
 Excessive
 
resources 
(money and people) should not be expended on this
 
marginal activity.
 

Objective 4 (Agricultural Weather
 



13 
Advisories). 
 ICAR was 
also correct in attempting to relate
 
research to on-farm use. 
 This objective needs more support by

research, training, or workshops. 
There are several locations in
 
the U.S. where operational agricultural weather advisories 
are
 
being developed and disseminated (e.g. Clemson, SC; 
Raleigh, NC;

Lincoln, NE; Urbana, IL). 
 One or more of these locations should
 
be integrated into the subproject. 
Given the existing
 
relationship with the DST concerning use 
of 3-10 day forecasts in
 
advisory develor!-ent, the U.S. venue 
should be 
one where active
 
National Weather Service participation exists. Investment of time
 
and money on 
this objective need not wait until significant
 
progress is 
made on objective 1.
 

Objective 5 (Strengthen CRIDA). 
 The current
 
effort to 
transform the AICRPAM coordinating cell 
into a National
 
Research Center on Agrometeorology deserves consideration. Many

of the efforts of this subproject are directly supportive of this'
 
effort.
 

b. Indian System. 
Non ICAR/SAU participants in
 
this subproject include-ICRISAY, DST, and SAC.
 

Objective 
1 (Crop-Weather Relationships).

This objective has a high prirority in the Indian system and most
 
of the linkages are in conjunction with this objective. 
These
 
are appropriate and should be expanded. 
For example, currently a
 
peanut growth and leaf spot disease model 
are b!ing evaluated by

ICRISAT and subproject scientists at Anantapur and Anand (Ramana
 
Rao, 1990b).
 

Objective 2 (Response Farming). 
 This
 
objective is marginally appropriate outside of ICAR/SAU.
 

Objective 3 (Spectral Models). 
 This
 
objective has relevance to the SAC because of the efforts to
 
develop relationships between spectral measurements and crop
 
response (canopy development, water deficit stress 
level, etc.)

and the interests of SAC in satelitte observations, although

direct linkages with and use of satellite observations are not a
 
part of this subproject at present. 
 9
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Objective 4 (Agricultural Weather
 
Advisories). 
 This objective is appropriate to IMD and DST. 
 IMD
 
is currently involved in developing agricultural advisories and
 
as 
this subproject begins to generate information for them,
 
interaction with IMD will be important. 
 DST will interact by the
 
possible future integration of the data sets and crop-weather
 
relationships developed from this subproject with their 3-10 day
 
forecasts.
 

Objective 5 (Strengthening CRIDA). This
 
objective links with IMD. 
 There should be close cooperation
 
between ICAR and IMD on 
this effort.
 

2. Importance of' U.S. Interests.
 

a. Current.
 
For all objectives, U.S. 
inputs of training, technical
 

assistance, and equipment have been essential for progress to
 
date. Additional input would be useful 
in developing arid
 
evaluating research plans (e.g. by 
the lead consultant).
 

b. Future.
 

Improved cooperation is possible and likely in the future.
 
U.S. interests could again be essential. However, with this
 
subproject, ICRISAT personnel and facilities could and should
 
take a greater role. 
 The U.S. has set up some of the basic
 
requirerents (e.g. training and equipment) that will enable this
 
interation with ICRISAT to be beneficial and increase.
 

3. U.S. Role and Advantage in Cooperation
 
For all objectives the U.S. role 
(equipment, training, and
 

technical assistance) has been critical for progress toward
 
objectives. 
 In terms of advantages for cooperation, the
 
following can be summarized:
 

Objective 
1 (Crop-Weather Relationships) arid
 
Objective 3 (Spectral Models). 
 The advantage of U.S. cooperation
 
on these objectives is access 
to Indian data sets 
for model
 
development, validation, and calibration.
 

Objective 2 (Response Farming), Objective 4
 
(Agricultural Weather Advisories), and Objective 5 (Strengthening
 



15 

CRIDA). No significant advantage in U.S. cooperation.
 

C. Progress toward Purpose
 

I. Relevance
 

a. ICAR/SAU System. Progress toward
 

strengthening research cnpabilities has been excellent and on
 

schedule. The instrumentation, increased computer expertise, and
 

familiarity with crop simulation models are integral parts of
 

this progress. It is now critical that this strengthening be
 

translated into application. A detailed plan of work needs to be
 

developed which outlines the steps by which agricultural weather
 

advisories will be developed from this research. Some of the
 

steps in the process would include the Pollowing:
 

1. Development of dath bases (historical data and
 

probabilities) for locations (Objective 2,' estimated completion
 

in about 12 months).
 

2. Development of crop-weather relationships (Objective 1,
 

completion, 24 months).
 

3. Collection of 'real-time" weather data and weather
 

forecasts for locations for which advisories are being developed
 

(In conjunction with IMD and DST, 12 months).
 

4. Preparation of agricultural weather advisories (18-24
 

months).
 

Trainees in the U.S. have had excellent opportunities for
 

exposure to U.S. science. For example, trainees at Texas A&M
 

Univ. visited research locations in Lubbock, TX, Amarillo, TX,
 

Davis, CA, and Mexico City and attended two scientific
 

professional meetings. These two individuals probably interacted
 

with about 30% of the agricultural meteorologists in the U.S.
 

b. Indian System. Non ICAR/SAU entitites are
 

also conducting research which assists in-progress toward this
 

purpose. The assistance and training by ICRISAT is noteworthy
 

here. Additional interaction and cooperation is needed between
 

this subproject and IMD (e.g. data, advisory development and
 

dissemination, etc.) to assure efficient use of resources.
 

2. Mutuality of Interests
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a. Current.
 

1.) 
 Data 	for model validation and
 
calibration. 
 Most simulation models developed in the U.S. have
 
not been developed using nor tested against non-U.S. data. 
One
 
of the strengths of the existing agrometeorological program in
 
India is 
the multitude of locations collecting agronomic and
 
meteorological data. 
 (The latter is essentially complete given

the instrumentation deployed in conjunction with this
 
subproject). There is an 
excellent opportunity for 
a 'two-way'

synergistic exchange here: 
 U.S. expertise (models) toward the
 
Indians and Indian data toward the U.S. 
 Most model developers

would welcome ,the opportunity to 
test their models in these
 
different environments 
(physical and biological). 
 The Indians
 
benefit by increasing their knowledge of these models and
 
applying them to 
Indian problems.
 

b. 	 Future.
 

1.) Real-time weather data for crop

assessment. With the ostablishment of satellite communication
 
facilities between 
some of these centers and DST and with the
 
addition of the instrumentation associated with this subproject,

there could be a large increase in the amount and quality of
 
real-time' weather data available for India. 
 Government arid
 

private agencies in the U.S. could use this data.
 
2.) 
 -Access to unpublished information. With


participation in this subproject, data, relationships, and
 
results in notebooks or on computer files would be 
more 
accessible to reseazrchers, government action agencies, and, to a
 
lesser extent, private interests.
 

3. Follow-On Cooperation
 
a. Scientist 
to Scientist. Cooperative research


between U.S. and Indian scientists could result because of the
 
training activities of Indian scientists in the U.S. and
 
workshops led by U.S. scientists in India. 
 This activity could
 
be enhanced by a follow-up visit by the management team to 
the
 
U.S.
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b. Inter-Institutional. 
Possible linkages exists
 

here following the 'gateway'imodel, wherein a U.S. university
 
could utilize the Indian'contacts to apply, test., 
and develop
 
research products. 
Examples of specific linkages that could be
 
developed include:
 

1.) SAU/U.S. university. 
Given a similar

interest in a commodity (e.g. groundnut) linkages could be set up

wherein the Indian scientists would conduct the agronomic
 
experiments in the field and they, in conjunction with the U.S.
 
university scientists, would analyze the data to evaluate crop
 
models.
 

2.) SAU/National Weather Service. 
When the

Indian activities on developing and dissemination agricultural
 
weather advisories develop, there could be linkages here also.
 

c. Within India. Significant potential exists
 
for expanding the good existing interaction between subproject
 
participants and ICRISAT. 
 ICRISAT staff serve as 
valueable
 
resource persons for training and workshop activities.
 
Currently, there is & cooperative project underway betwe,,n 
Dr. D.
 
R. Butler, ICRISAT, and subproject scientists at Anand and
 
Anantapur. 
This activity, validating and calibrating groundnut
 
growth and late leaf spot simulation models, is exactly 
the type

of cooperationthis subproject should generate. 
Subproject
 
scientists are conducting field research and are becoming
 
familiar with the simulation modelsm while ICRISAT gets the
 
opportunity to field test the models. 
 The likelihood of success
 
of this cooperative research has been substantially enhanced due
 
to the instrumentation and training provided. 
This project would
 
be further enhanced with the purchase of additional
 
instrumentation (see Recommendations). 
 The potential exists for
 
additional cooperation verifying and developing other crop

simulation models with the Natural Resources Planning group at
 
ICRISAT.
 

Recommendations
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The following recommendations are respectively suggested for
 
action by USAID on this subproject:
 

A. 
Funds from this subproject or other subprojects should
 
be provided to purchase the following additional equipment (Table
 
4):
 

I. Two additional data loggers per location 
(CRL0s, a
 
total of 32 at $1,000 per in the U.S.). These are
 
needed because the one existing data logger at
 
each location will be used for the automated
 
weather station and another data logger is needed
 
for intermittent measurements of light under and
 
above crop canopies in various experiments. The
 
latter measurements 
are critical for estimating 
canopy development. Without the second data 
logger, the light sensors will be essentially
 
useless. The second additional data logger per
 
location would serve as 
a back up and and for
 
other miscellaneous purposes. 
Data loggers do
 
break and meteorological sensors purchased are
 
useless without a data logger. My experiences in
 
the U.S. confirm that with experience and exposure
 
the needs for and utility of these data loggers
 
will increase dramatically. The second data
 
logger was recommended by Stewart and Dugas
 

(1988).
 
2. 
 Disk-based tutorials for training on microcomputer
 

basics (e.g. spreadsheets, DOS, and word
 

processing).
 
3. Standards for radiation and infrared tiermometer
 

measurements (e.g. Eppley PSP pyranometer, cost
 
ca. 
$5,000, and standard infrared thermometer,
 
cost ca. $2,000). Instruments should be kept at
 
the CRIDA..
 

4. Instrumentation spare parts including: 
batteries
 
for data loggers, belts for leaf area meters, and
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disks, computer paper, etc. 
for computers. A
 
specific current need exists for floppies for
 
training workshops (ca. 20 /participant).
 

5. 	 Leaf wetness sensors (approximately 100 total,
 
made in India, total cost ca. 
$330), temperature
 
humidity sensors 
(approximately 5 at 
$500 each),
 
and spore traps (2 to 3 at approximately $500
 
each) for supplementing instrumentation required
 
for the cooperative project with ICRISAT
 
evaluating ground nut models.
 

6. 
 Given the importance of environmental change on
 
agriculture and society, it is appropriate to add
 
the measurement of UV-B at about 2-3 subproject
 
locations. 
 These sensors (cost ca. 
$700 per)

would be invaluable for expanding the global
 
network of measurements of this agriculturally
 
important element and, importantly, would provide
 
an excellent opportunity for cooperation with U.S.
 
scientists.
 

B. Encourage trainers in the U.S. 
to have Ilidian scientists
 
present seminars and conduct mock training activities while in
 
the U.S to better prepare Indian scientists to be active
 
participants in workshops held in 
India.
 

C. Involve Dr. 
Ian Stewart for training on 'response

farming'. 
 Without his participation, this 
important objective
 
will not be fully completed.
 

The following recommendations are respectfully suggested for
 
action by ICAR on 
this 	subproject:
 

A. 
Send two Indian scientists for training on development

and dissemination of agricultural weather advisories.
 

B. 
Ensure that adequate number of computers and acceptable
 
facilities are available for future workshops.
 

C. 
Establish detailed research plans for line-source
 
experiments.
 

D. Assist scientists at all locations to have daily
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format.
 

E. 
 Organize another training activity on simulation models

and on instrumentation 
use, especially re-calibration and
 
maintenance.
 

F. 
 Maintain and improve administrative mechanisms to ensure

close cooperation between the AICRPAM and other relevant ICAR
projects (e.g. the dryland project). This is 
important to ensure
 
that relevant applications of the research results 
from this
 
research are made.
 

G. 
 Encourage IMD to provide daily .meteorological data for
subproject locations to 
coordinating center at 
the CRIDA.
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Table 1. 
Allocation of training and instrumentation to
 
subproject objectives.
 

Objective 
 Training/ 	 Instrumentation Comments
 .	 Workshop
 

1. Yield-ET 
 Hanks (UT), Neutron probe, Hanks:
relationships 
 Taylor (IOWA), leaf area 
 line-source
 
and Kanemasu meter, PCs, 
 Exp., data
(GA) 
 Met. Equipt. 	 acquisition
 

systems;
 
Taylor: PC
 
use;
 
Kanemasu:
 
Mft.
 
Instrumenta
 
tior)
 

2. Response Hanks (UT) PCs
 
farming
 

3. Spectral None 
 Spectral

response of 
 radiometers,

canopies 
 PCs
 
4. On-Farm Taylor (ISU) 
 PCs 
 Limited
 management Hubbard (NEB)
 
decisions
 

5. CRIDA None PCs 	 Training

strengthening 


not
 
applicable


Climatic Dugas (TX) and 
 PCs

character, and Hubbard (NEB) 	

Not
 
original
GIS software 

ohjPP tive.
 

climatic
 
chinract.
 

and G6S 
software,
 
llibbard: 
data base
 
management.
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Instrumentation and software purchased for subproject.
 
Name Appr. Del. Vendor Comments 

'-.Cost -
(1000 

date 

Met.. Stations 16 179 13/4/90 Campbell 

Sci. 
Data logger, 

Leaf area 
meter 

• 

113 

Inc. 

C.I 

stads,geiorl , ar d spare parts 

Soil moisturegauge 

Portable 

Sprectro-
radiometer 

Infrared 

thermometers 
'/ 

Computers and 
software 

7 

16 

120 

29: 

198 

7 /160 
3/11/90 

7/10/90 

/9ca. 6/90 

Troxler 
Li-Cor 

Tele-temp 

Local 
(Comp.) 

Model 4302 
Model 1800­

01OI 

Model AG42 

DOS 
Wordperfect 

5.1, Lotus 
3.0, I1 tSE 
Ill Plus, 
Direct 
Access 5.0,
Nort on
Utilities 
5.0 Adv., 
Harvard 
Graph i cs,nrd S.rSS/.'c+ 
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Table 3. Major events in subproject history.
 

Date 

Event
 

6/87 
 PAMC approves proposal.
 
6/88 Design team 
(Drs. Stewart and Dugas) 
to India to
2
prepare 
 -yr. work plan.
 

7/88 
 PIL issued.
 
4/89 3 -member management 
team from India to U.S. for study


t o u r twanU
 

6/89 Trainees to 

8/89 

Iowa State Univ. (ISU).
Trainees 
to Utah State Univ. 
(USU).
 

1/90 Trainees to 
Univ. of Nebraska (UNEB).
 
2/90 
 TSU workshop in India 
on introduction to PCs and crop


models.
 
5/90 
 USU workshop in 
India on 
line-source experiments.
 
6/90 Trainees 
to Blaekland Research Center 
(BRC).
 
10/90 Trainees to 
Univ. of Georgia (GA).
 

10/90 
UNEB workshop in 
India on 
data base management.
 
11/90 
Technical assessment of subproject by Dr. Dugas.

3/91 
 BRC workshop in 
India (tentative) on 
climatic
 

characterization and GIS software.
 
7/91 GA workshop in 
India (tentative) on
micrometeorological 


instrumentation
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Table 4. Recommended new instrumentation.
 

Items 	 No. of Unit Cost I Total Cost Comments
 
Items
 

CR10 Data 	 32 1,000 32,000 C.S.I.
 
logger
 

DOS 20 100 2,000 Local
 
Tutorials
 

Pyran- 1 5,000 5,000 Eppley
 
ometer Lab.
 

Infrared 1 2,000 2,000 'leIe-temip
 
Thermom.
 

Spare 	 16 sets 300 4,800 MiRc.
 
Parts
 

Leaf 100 5 500 Contact:
 
wetness Dr.
 
sensor But 1(2 r,


ICRISA'i 

Spore' 5 500 2,500 Contact:
 
traps I)r.
 

Butler,
 
ICRISAT
 

Temp./R.H. 5 500 2,5C0 Vaisala
 
sensors from
 

____ ___ ____ ___ ___ ___C.S.I. 

UV-B 3 700 2,100 ]nternat­
sensors nl Light.,
 

Newberry,
 
Mass.
 
Mode] SUD
 
240/UVB­
_/W
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Appendices
 
1. 
Terms of reference
 

To review progress of work done so 
far under the
respective subproject vis-a-vis that originally envisaged;
 
to make a technical assessment of the 'results obtained; 
to
 
identify constraints if any; and to make recommendations for
 
feasible action aimed at maximising the outputs during the
 
remaining life of the subproject.
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27 .3. Itinerary and persons visited
 

10/11/90: Travel via Pan Am from Killeen, Texas to New Delhi,
 

India.
 

11/11/90: Continue with 
travel.
 
12/11/90: Arrive in New Delhi. 
 Visit with Colil McClung, Maharaj
 

Singh, and John Becker regarding assignment at Winrock
 

offices.
 
13/11/90: Visit in 
a.m. with M. Singh and C. McClung at 
Winrock
 

office. Travel with M. Singh to 
ICAR and visit Drs.
 
Abrol, Bhatia, and G.B. Singh. Back 
to hotel 
to work.
 
In p.m. visit with Drs. R.K. Datta and Dr. 
J. Bahahur,
 
Dept. Sci. and Tech. and Dr. D.R. Sikka, Indian Inst.
 
Trop. Meteorol., 
at Dept. Sci. & Tech. regarding short
 
range weather forecasts and their relationship to
 

subproject efforts.
 
14/11/90: 
Work on 
report in hotel. 
 In p.m. take IC *540 
flight
 

to Hyderabad.
 
15/11/90: Visit with Mr. Ramana Rao at 
the CRIDA regarding
 

subproject progress and plans.
 

16/11/90: 
Visit with Drs. Butler, Virmani, and Monteith at
 
ICRISAT regarding interactions between ICRISAT and
 
subproject. 
Work on report in afternoon at the CRIDA.
 
Visit with Dr. Chetty, Acting Chief, CRIDA.
 

17/11/90: Visit with Dr. Virmani, ICRISAT, on 
subproject
 
assessment. 
 In a.m. 
take IC#440 to Delhi. 
 Work on
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report in afternoon at Winrock offices.
 

18/11/90: Work on report in a.m. and in p.m. at hotel.
 

19/11/90: Work on report at Winrock office. 
Visit with Colin
 

McClung regarding report.
 

20/11/90: Submit draft copy of report to Winrock. 
 Continue
 

working on report.
 

21/11/90: Work on report. 
Review draft with Colin McClung and M.
 

Singh at Winrock. Meet with J. Becker, C. McC]urig, M. 

Singh, and J.S.P. Yadav to discuss report. Prepare bio 

sheet and brief on report for circulation at seminar. 

22/11/90: Work on report. 

23/11/90: Submit final report to Winrock. Give seminar at USAID, 

S. Bldg. and at ICAR on report. 

24/11/90: Leave on Pan Am at 0330 for U.K. 

25/11/90: Holiday
 

26/11/90: 
Visit with agricultural meteorologists at Institute of
 

Hydrology, Wallingford, U.K., regarding ET modeling arid
 

crop-weather relationships.
 

27/11/90: Travel on Pan Am 
from U.K. to Killeen, TX.
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