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INTRODUCTION:

The purpose of this report is to discuss modeling efforts currently
going on in Bangladesh, to indicate additional model development that
could beneficially be carried out at BARC, and to consider the need for
a modeling capability at BARC,

There are two significant modeling efforts that are underway in
Bangladesh to assist in the development of the Third Five Year Plan.

One of these models is the Investment Analysis Model of the Master Plan
Organization (MPO), which is providing a substantial new resource for
agricultural economic analysis. This report focuses primarily on the
MPO model because that model provides a significant contribution to
agricultural analysis. Additionally, this model could have a great
impact on the way that ecconomic analysis related to water resource
development is conducted. Also the model could have a great impact upon
hcw agricultural economic analysis is conducted in Bangladesh, generallv.

Another model is being constructed at the Planning Commission, and
in the Netherlands, but is at o stage where there is not a current
write-up available. The model, however, does give special emphasis to
agriculture. The model has 18 scectors that represent crop production,
livestock production, and forestry, out of a total of 42 sectors in the
model, which does provide congiderable emphasis on agriculture. At a
later time this model ceould be an important resource for agricultural
economic analysis. However, it is not now an operational model that is
available tec BARC and, therefore, it will not be analyzed in this report.

Chapter Ii contains a deacription of the MPO model. Chapter III
proposes several models [or use at BARC in the near future and discusscs

the relationship of these models to the MPO model. Models are suggested
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for the determination of the impact of irrigation on foreign ex.hange
requirements, on labor use, and on regional development. Also Chapter
IIT considers a modél for evaluating agricultural development alterna-
tives other than those addressed by MPO. Chapter 1V addresses the nced
at BARC for the capability to usce available models and to use models for
agriculturai rescarch. A plan is developed for an initial capabilicty

at BARC where participants would understand and use the MPO model and be
in a position to do further model development. The Conclusion supgests
that BARC establish a capability for model use and development and that

its first project should be to understand and use the MPO model in

addressing agricultural rescarch problems.

BRIEF DESCRIPTION OF THE PO MODEL:

This is a description ol the Investment Analysis Model that has been
developed by MPO. This description is to provide BARC personnel with an
understanding of what the model does and how the model does it.

This descrintion of the model provides background information that
is relevant to the consideration ol cstablishing a modeling capabilicy
at BARC. The description of the médel will enable BARC personnel to be
able to (1) consider how the model could be cmployed in addressing acri-

cultural research questions and (2) consider, in a general way, the

framework that the model provides for future agricultural research.

Overview
The Investment Analysis Mode! is a cowmputer programming svstem. The

computer program enables the systematic evaluation of ¢ large number of
investment alternatives. The alternatives are ovaluated one by one,
starting with the investment alternative that has the highest benefit-

cost ratio.



The computer program keeps track of the budgetary resources required
for this alternatave and subtracts them out of the total. What remains
alter this subtraction will be the amount available when the next invest-
ment alternative is introduced. The computer program also keeps track
of the amount of land required for this alternative (still the one with
the highest benetit-cost ratio) and subtracts this total from the total
amount of land; once the amount of land required for this alternative is
subtracted, the remaining land will be available for the next highest
alternative investment (concerning the land discussed above, the model
considers land of a particular soil tvpe, under particular flood condi-
tions).

The computer program considers water resources in the following wav.
For the investment alternative with the highest benefit-cost ratio, that
we are still considering, the quantity of water required per hectare it
a known quantity (separate requirements will exist for surface and
ground water).

The program will determine the totnl requirements of ground and
surface water used by this investment alternative and subtract it from
the total amount that is available.  The remaining quantity of water will
be available when the invesiment alicernative with the next highest benefit-
cost ratio is considered by the cemputer program. Actually, the water

.
constraint is converted to a land constraint by the program, but its
effect is as described above.

The computer program theii poes on o consider the investment alter-
native with the next-highest benefit-cost ratio and will go through the
same process ali over awain,  The computer progtin will determine the

financial resources that are dvailable and test to see that they are
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sufficient to fund this alternative. The program will then compute the
remaining financial resources that will be available when the investment
alternative with the next highest benefit-cost ratio is considered. The
land requirement of this investment alternative and the water require-
ment of this alternative ave handled in a way that is generally similar
to the way that {inancial resources arce treated. Once this investment
alternative is considered the program begins considering the investment
alternative with the next highest benefit-cost ratio. In this way the
computer program evaluates a sct of investment alternatives, arvraved
according to their benelit-cost ratios,
'

The investment alternatives that arc considered by the model are
only in the agricultural sector. Fisheries, inland waterway transporta-
tion, and industrial usc, however, do have an impact on how much water

will be available for agriculture.

Alternatives

As indicated above, the model concerns itself with the evaluation
of investment alternatives that relate to the agricultural sector. The
model considers the following investment alternatives: LLP, STW, and
DTW irrigation, a number of major irrigation projects, and a number of
major flood control and drainage projects. These types of investments
were considered for land having (a) flve Jdifferent flooding conditions
(b) two different crop production technoiogy levels (¢) five irrigation

categories and (d) 60 different regions (Third Interim Report, Vol. VILI,

Appendix C).
For example, a particular investment alternative would be providing

LLP irrigation (1]) for non-Tlood Jand (Fo) in a location where high



technology in crop production is assumed (T]) in planning areca 25.
Another Investament alternat jive wuﬁld boe providing STW irrigation (r.,)

to this some land (F,) with the same technology pattern (Tl) in planning
area 25. For each of these investmoent alternatives, as well as all
other alternatives, estimates must be made of the following in order for
it to be\proporly cvaluated by the model:

1) estimated benefits

2) estimated costs

3) land required

4) ground water requircments

5) surface water requirements.
Investment alternatives were prepared for various proposed projects.
It should be noted that throughout the report investment alternatives
are referred to as "modes of development' and "transitions." Tach
transition or mode of development is the equivalent of a movement of a
particular area ol land out of one hydrological-crop mix=-technology

combination into a mare productive one (Second lnterim Report, Chapter

3, page 1).

Benef it-cost ratins

Four benefit-cost ratios are calculated for each alternative, cach
to reflect a different level of government subsidy. The model can be
operated when all the investmept alternal ives considered are computed
using the same definition for the henefit-cost ratio. Annex A of The

5@ benei it

v

[nterim Report, page 16, provides the various definitions of the

cost ratios.

Benefggg

The procedure for estimating for cach investment alternative or mode
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of development is given in the Annex of the Third Interim Report, page 8.

Because the model focuses only upon crop production in agriculture, the
gross benefits figure for cach investment alternative results from
increased net farm income in crop p.oduction. FEach investment alterna-
tive has an associated benefit stream that indicates the benefits related
to a project in various vears after start of construction (Annex, Third

Interim Report, page 60).  There is also a cost stream associated with

cach investment alternative, which is discussed below. setting back to
the benefits side, the value of benefits at market prices are recomputed
using shadow prices. These shadow prices are designed to estimate the

true cconomic value of poods and services. (Annex, Third Interim Report,

page 22).

Costs
For each alternative investment that is going to be considered by
the model, it is necessary to develop estimates of costs. The various

elements that were considered in the estimation of costs are provided

in section 3.1.2 of the Sccond Interim Repore, specifically items:

(¢}, (d), (e), (), (i), (j) and (k). The procedure employed is similar
to those typically used in ecopowmic feasibility studies. There are,
however, several procedures that chould be noted specificalty.

LLP, STW, and DTW irrigationwere considered after the procedures
that are shown‘in Section 3.1.2. were developed. With respect té these
types of irrigatfon, costs are developed in the usual way, cexcept that
they are phased, as are @1l costs oy alternative investments. Both
capital costs and operition and maintenance costs are phased; for example

phasing for capital costs for major flood control, drainage and irrigation
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projects (FCDI) and flood control and drainage projects (FCD) are shown

in the Second Interim Report, Vol. VIIl, page 45. One final point is

-—

that estimated financial costs are adjusted to reflect the cconomic values

using shadow prices (Annex, Third Interim Report, page 23).

Review of MPO Model

In review, MPO has a model for evaluating alternative investments.
They have evaluated a large number of alternative investments prior to

completing the Third Interim Report. The model has been used to address

specific "modes of development" for particular soil types, under parti-
cular flood conditions, in particular planning areas. MPO has obtained
detailed soil information and has the potential to know the amounts of

land of each soil tvpe in cach of 60 planning areas. Furthermore, MPO
appears to be working with cropping patterns for a particular soil tuvpe

in a particular region. Therefore, this is a powerful svstem for analv-
zing various investment strategics. The system can consider non-irricated
investment alternatives as vell as those involving supplemental irrigzatien.

It has the potential to be a very uscful analytical technique in manv

areas of agricultural rescarch,

PROPOSED MODELS FOR USE AT BARC:

Relationship of the MPO Model to Model Development at BARC

The MPG model, aiso known as the Investment Analysis Model (T1AM),
is the centerpiecce of mﬁdel development that is here being proposed for
BARC. The models that are suggested for development at BARC require
that the full Investment Analysis Model pe operated, with all its

constraints, whencver analysis is undertaken. By doing this tvpe of



analysis, with the full MPO model, an efficient agriculture can be identi-
fied. Although MPO does not claim that their model optimizes, the compo-
nents selected should be looked upon as the most efficient set of those
considered. If a better method is developed it can be used, but until
this better method can actually be employed, the MPO model provides the

best avenuce to quality cconomic analysis of the water sector at BARC.

Suggested Models for use at BARC

There are several arcas where the MPO model contributes to further
model development. The first two models that will be discussed involve
the impacts of irrigation modes of development on (1) foreign cexchange and
(2) agricultural labor. Joth of these formulations begin by using the MPO
model to identify an efficient agricultural pattern and then go on to
analyze the impacts that would result. The next model that was developed
utilizes the end-product of agricultural labor model and then goes on to
consider questions of regional income change and nutrition, through the use
of economic base models, models of town and eity growth, or input-output
models. Finally, a model is discussed that can be used to examine the
impacts of various agricultural iuvestment alternatives, not necessarily

related to water resources develorment.

Foreign Exchange

Figure | presents a flow chart of the MPO Model. It is presented
here in order to emphasize the strong relationship between this model and
the models that were developed.  Also, the inclusion of this flow chart
will enable the comparison of poxes {n the various models with those in the

MPO model, which is referred to in the flow charts as IAM.



Figure 2 describes the model designed to trace the impact of various
development scenarios on the balance of payments. It should be noted that
the thfee top boxes all come from the IAM: two from the top line and the
one at the bottom line.

The model utilizes a solution of the IAM as its starting point. The
model then goes on to trace the consequences of activities and investments
specified by IAM on forcign exchange requirements. The quantities of various
imported inputs would be computed using the data already convained in the
IAM. The foreign exchange requirements of these purchases would be estimated,
using appropriate prices and transportation costs.

On the far right of the flow chart, a sequence is shown for the computa-
tion of foreign exchange earnings of the agricultural activities selected by
the IAM. Estimates would be made of the quantities of each commodity that
is sold in foreign trade. Prices and transportation costs would then be
used to estimate the foreign exchange carnings.

In the middle of the flow chart, the process is ‘hown for estimating
the reduction ot foreign exchange required to import food grains. It would
be necessary to estimate the reduction of the quantity of grain imports
that would be consistent with a particular scenario. Then, prices and
transport costs would be considered, and savings in foreign exchange would
be estimated. Finally, the three elements are brought together to estimate

the impact of the scenarfc on the balance of pavments of Bangladesh.

Labor Use and Income

This model (shown iv Figure 3) examines consequences of @ particular
scenario cf activities an dovesgments sclected by IAM. It should be

observed thac the top two ‘xes arce ! "en from the IAM. The labor use
]
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pattern of a particular scenario will yield a requirement for labor in each
region (second box down from the top on the right). This labor requirement
will in turn generate a labor demand in that region, which will interact
with the supply of labor in that region to generate a wage rate. Tﬁc exis=
ting wage rate, called "old wage rate" in the flow chart, may also have
some impact on the wage rate for the region.  The amount of hired labor and
the wage rate combine to yicld the direct income of agricultural workers.
Direct income of agricultural workers is a key variable for estimating food

“cbnsumption and nutrition, shown at the bottom right of the flow chart.

Regional Development

A model to estimate the direct and indirect effect of an IAM scenario
on regional income is outlined in Figure 4. This flow chart starts with
the change in family income (direct), one of the intermediate boxes shown
in Figure 3, and the change in farm income. In order to estimate the
indirect effect of incomes ecarned in agriculture on a region's economy, it
would be necessary to emplov one of the models listed in the second box
from the top. These models will vield the multipliers by which farm income
plus fafm labor income would be multiplied in estimating total recional
income. Total regional income woulu then be used along with the marginal
propensity to consume food to estimate changes in food consumption and
changes in nutrition. Also, regional income is an important index for

estimating other welfare parameters.

Alternative Apricultural Developmont

The flow chart provided In Figure 5 concerns the utilization of the
IAM to examine alternat.e agricultural development possibilities other than

those addressced by MpPo Ais flow o' et starts with three boxes, which
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are similar to three boxes that 1AM starts with (Figure 1) and which
contain the data describing the additional agricultural development
project. For this model, the additional agricultural development projects
would be synthesized and their benefit-cost ratio and other requirements
estimated. The TAM w‘:’)nlnl then be operated with the inclusion of these new
development projects and a new development scenario would cmerge. A com-

parison could then be made between this and other scenarios, which would

vield the impacts shown in the bottom box.

THE NEED FOR A f‘i()])l'il,lN(I CAPABTLITY AT BARC:

There is a general need within the agricultural rescarcn community
world-wide to do better professional work.  Appropriate computer-basecd
models are helpful in doing better professional work, and so models shentd
be understood and utilized., There are recent developments in computer-
based models in Bangladesh. There s a need to understand these models, now
only at BARC but throughout the apiicultural research community.

This chapter considers the necd for a modeling capability at BARC and
presents a plan for BARC to make a first step toward establishing a capa-
bility to undertake modebing activitvies. This (irst step is to sain an
understanding of the MPO mode! and hew to use it.  The next step would be

for BARC to use the MPO model and some of the models that were developed

in Chapter 11T,

A A Plan to have the HPPO dodel Understood and

Utilized by Professionals in Bangladesh.

' )

Proposal: A Teag Approach ot BARC

A team of rescarchers and analvsts can be formed to undertake and curry

out this project. The plan is that the team will work together at BARC for
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Figure 3. Flow chart of model to cexamine impact of irrigation develonment
on labor use and on income ol apricultural workers
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Figure 4. Flow chart of model to examine dirrct plus indirect impact of
alternative irrigation development on repional development
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Figure 5. Flow chart of model to examine impacts of investment alternatives
not considered, as vet, by MPO
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a period of time and learn to uﬁilize the model. After completing this
phase, team members would continue to be a source of information and
knowledge when they return to their institutions. Team members should have
the necessary background to actually utilize the model in problem-solving.
The team members should plan to return to their institutionsand continue Lo
work in the arca of analvsis unA‘résuurvh, utilizing the [AM and other
models. Team members will have a reasonably long-term velationship with
the modeling erforts ot BARC and will be considered wvhen working proups and
committees are {ormad in the arca of water policy analysis, modeling, and

resecarch.

Work required: General

The Team would establish at BARC the capability to run the IAM. The
Team would work closely with the MPO personnel so as to obtain up-to-date
versions of the model as thev become available. A close relationship with
MPO personnel will be necessary as BARC scientists develop their under-
standing of the model. (BARC will internally consider the best means tor
transmitting informatvion and expertise from the MPO staff to thosc at BARC.
Also, BARC will consider what tyvpes of time commitments might be required
of MPO personnel in order to efficfently educate the BARC team.)

The BARC Team would establish the capability to analyze the rescarch-
related components of the TAM at the computer center at BARC. The Tean
will make various computer runs [n order to pet hands-—on expericence in (1)
introducing inputs into the model and (2) in interpreting the model's
output. TIn brief, the team will become Intimately familiar with the model.
Once the team has developed a detailed understanding of the nodel, it will
analyze the model's sensitivity to various parameters.  The Team will,

further, explore the impacts of various alternative hypothetical policies.



The team would also analyze the implications that the model has for
agricultural rescarch.  The 1AM divides Bangladesh into 60 catchment areas
and there are some paramcters that arce used by the model that relate to
ieach of these arcas. This breakdown into tlwsu‘()() qreas has sienificance
foF agricultural rescarch in Bangladesh it the results of the rescarch are
going to be used to improve the 1AM, There will be many similar implica-

tions of the model upon agricultural rescarch that the team would consider.

Report

The team would produce a report that will be directed towards agricul-
tural researchers in irrigation and water management. The report would
describe the model and how it can be utilized. The report would indicate
the types of questions that can be addressed by the model.  The report would
contain examples of how the wodel was used in the analvsis of specific
studies. The report would provide a description of the parameters contained
within the model and describe the data that have been used in estimating
those parameters.

The report would also focus on how the researcher can use the model.
The input requirements of the model will he specifically addressed. The
report would also discuss the model's output.  The report would discuss the

format of the model's output and rhe interpretation that should be given to

the various outputs.

Course

The team would present a course dirccted toward agricultural researchers
that will extend the knowledge that they have developed. The idea of the
course would be to provide kev porsonnel from around Bangladesh with int. .-

sive, hanc' -on expericnec with the midel.  Those who complete the course
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weuld be in a position to make immediate use of the capability housed in

the computer center at BARC.

B.. Use of Other Models at BARC

In Chapter III models were presented that extended the MPO model.

Once the capability has been established at BARC to utilize the MPO model,
these models should be employed to examine the various impacts of alterna-
tive scenarios of water resource development. Agricultural development
options not considered by MPO should be analyzed using the model. These
could include such wide ranging alternatives as supplementary irrigation
programs, speciality crop development, up-graded agricultural extension
services, etc.

It is suggested that, at the earliest possible time, birth rates and-
other appropriate population-growth parameters be considered by BARC scien-
tists in models of food self-sufficiency. It will be beneficial to govern-
ment policy generally if an appreciation can be developed for the enormous
negative impact of small changes in population growth parameters on food
self-sufficiency. The MPO model was used to estimate the extent to which,
under certain assumptions, agricultural and related resources were sufficient
to produce the food needed by a growing population. It is suggested that a
similar formulation be used by BARC on the production side (the MPO model)
while disaggregated paramcters are used on the population side. Sensitivity
analysis could then be carried out to determine what the impact would be of

changes in birth rates and other population growth parameters.

CONCLUSION:

This paper has briefly described the MPO's Investment Analysis Model.

Models were developed to analyze labor use, foreign exchange requirements,
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and regional development aspects of various development scenarios. The
models required that the MPO model be run and that a constrained optimum
set of projects be identificed. Then, the labor use consistent with that
particular solution can be estimated, through the models described. 1In a
similar way, the forcign exchange impact of a scenario would be examined.

The analysis of regional development impacts of a particulir scenario
are estimated in a similar way. ‘The MPO model would be run, and the
constrained optimum set of agricultural activities or projects would be
identified, and the direct income effects identified. Then, through the
use of various regional multipliers, estimates rould be nade of direct and
indirect regional economic effects of the scenario.

These types of impacts could be examined for various scenarios and
compared. For example, a scenario that cmphasized deep tubewells might be
compared with a scenario where shallow tubewells were the principal irriga-
tion method employed. A scenariop that emphasized irrigation could be com-
pared with one where low-water-usging crops were investigated. A scenario
that emphasized manually operated pumps could be compared with one where
manual pumps were not considered. A scenario that examined the impact of
supplementary irrigation could be run. A wide range of scenarios could be
evaluated, but each scenario first has to be developed through the use of
the full MPO model. When the result is available through the model, various
aspects of the scenario can be evaluated further. Therefore, the models
that were developed in Chapter IIT cannot be operated separately from the
MPO model.

Chapter 1V examined the requirement at BARC for a capability to use
existing models and to develop additional models that will benefit agricul-

tural research. A team approach Is suggested, with the team learning how
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the MPO model operates and analyzing the agricultural research~related
components of the model.

The author has ccucluded that BARC wouid benefit from an enhanced
capability to address modeling issues. BARC could establish contact and
support among analysts that are interested in various phases of model
building for economic and other social science analysis. Computer systems
analysts, computer programmers, mathematicians, statistical analysts,
econometricians, economists, demopraphers, and sociologists all will be
needed to develop a multi-dimensional understanding of the impacts of
government, donor, and industrial policy.

BARC has received several proposals from individuals who are interested
in modeling. There arc at BARC people who have training in one of the above
areas who would like to participate in modeling work. BARC now has the
computer facilities to begin the modeling efforts suggested.

This paper suggests that BARC begin the process of model use and develop-
ment by understanding and using the MPO model. It is further suggested that
BARC then goes on to use sceveral models that were developed during this
consultancy, within the framcework of the MPO model. Finally, it is suggested
that BARC move promptly to build this capability, especially at this time

when the MPO model is just starting to reach its potential.
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