Additional Help: 200-203
File Name: 200sab_092200 cd20
Last Revised: 09/22/2000

| ntroduction to Food Security Analysis

The Wrld Food Sunmit in 1996 established a target of
reduci ng by the year 2015 the nunber of undernouri shed,
food insecure people in the world to one-half the | evel
that existed in the early 1990’ s.

Wthin the United States, an |Interagency Wrking G oup
(W5 was created after the Wrld Food Summt to prepare an
Action Plan in support of this target. Such an Action Plan
requi red an anal ysis of the preval ence and causes of world
undernutrition and food insecurity. It also required
systemati c projections about whet her and how food
insecurity and undernutrition would be affected by various
i nterventions.

To conplete this analysis in 1998 USAID s G obal Bureau' s
O fice of Economc G owh and Agricul ture Devel opnent
(EGAD), contracted with the Association for International
Resources and Devel opnment (AIRD) to conplete such an
assessnment. (APAP Il1 Research Report 1039; USAID Contract
No. LAG C- 00-93-00052-00).

Reproduced below is a portion of AIRD s food security
analysis for this report. Wile this section does not
provi de a step-by-step nethododol ogy or “howto” guide to
country-level food security analysis, it does describe
clearly the nost critical questions exam ned during their
anal ysis, key data elenents and sone results of such an
anal ysi s.

Most inportant it summari zes how t he several
“interventions” mght affect food insecurity. These
“interventions” include the follow ng:

- Political Instability
- Denocratization

- Econom ¢ Openness

- Food Tariff Reductions
- Rural Roads

- Agriculture Research



- Targeted Food A d
- Househol d I nterventions
- Access to Safe Water



FOOD SECURI TY MODEL DESCRI PTI ON

The Food Security nodel seeks to evaluate for a set of
specific interventions the inpact of each intervention on
the projected popul ati on of undernourished in the year
2015. The analysis is conducted separately for 14 countries
or sub-regions of the world. These are: China, |Indonesia,
the Rest of East/South East Asia, Bangl adesh, |ndia,

Paki stan, the Rest of South Asia, Nigeria, Ethiopia, the
Rest of War Tom Africa, Least Devel oped Africa, the Rest of
Devel oping Africa, Latin America and the Rest of the Wrld.
The quantification of variables related to undernutrition
for each region is derived froma subsanple of 98 countries
of the world. (Appendix Table A 7 provides a list of the
countries grouped into each region).

Measuring the nunber of undernourished

The assessnent of the total nunber of undernourished relies
on ant hroponetnic estimates of the proportion of children
0-5 years who are underwei ght in each country. These data
have been assenbl ed by the WHO gl obal database on child
gromh and are reported the Sixth Wrld Food Survey (1996).

Projections of the nunbers undernourished are estimated
based on I FPRI's gl obal food nodel entitled | MPACT
(I'nternational Mddel for Policy Analysis of Agnicultural
Commodities and Trade). The | FPRI nodel, reported in
Rosegrant, Leach, and Gerpacio Guly 1998), relies on the
following variables to project child malnutrition.

 per capita kilocalorie availability,

 percent of social expenditures as a share of tota
expendi t ures,

e percent of fenmles with secondary education

» percent of households with access to clean water, and
e a dumy variable for South Asia to estimate child
undernutrition.

The projections to the year 2015 rely on changes in each of
t hese variables. The projection of changes in kilocalorie
availability is evaluated directly by IFPRI's | WACT nodel

| MPACT includes 18 commodities (all major cereals,
soybeans, roots and tubers, neats and dairy products) and
covers 37 countries and regions. Each country or region is
defined by a series of supply and denmand equations and is
linked to the rest of the world through trade. Crop prices
and projected rates of productivity growth determ ne food



supply growth in each country. Food demand is a function of
food prices, *inconme and popul ation growh. Details of the
basi ¢ met hodol ogy of the nodel are described in Rosegrant
et. al. (1995). For countries not included in the |FPR
nodel , we have relied on projections by the FAO of food
avai lability to the year 2010.

' The text of this report discusses the relative merits of this measure.]

Proj ected changes to the year 2015 for other vari abl es of
the | FPRI /RvlI PACT child undernutrition nodel where
unavai l abl e. Therefore, assunptions were made reflecting a
continuation of trends in each variable between 1970 and
1990. These trends are reported below, as is the assuned
curmul ati ve change by the year 2015.

Table 1: Assuned increases in underlying variables
bet ween 1995 and 2015

Food availability Access to safe
Fenmal e secondar, v ( DES) Water (%
enrol |l ment Rate %
East and Sout heast Asi a 18% 41%
Sout h Asi a 15% 82%
Sub- Saharan Africa 27% 49%
Latin Anerica and Cari bbean 5% 19%
Rest of World 15% 25%

The extrapol ator to the total nunber of undernourished in

t he popul ation fromthe projected nunber of children

under nouri shed assunes that the percent of undernouri shed
in the larger population is proportionate to the percent of
children under 5 who are undernouri shed. However, the
proportion used is not a one-to-one ratio, but rather
assunes that the rate of undernutrition of people over 5
years old is 50% of the child undernutrition rate. This
proportion is used for two reasons. First a conparison of

t he percentage of underweight adults to the percentage of
underwei ght children in a small sanple of surveys for which
both are avail abl e suggests that the nean ratio of adult to
child rates of undernutrition is roughly 50% This
enpirical evidence is admttedly very weak both because the
sanple of countries is small, (6 surveys) and because the
range in the ratio sought is quite | arge between countri es.
Secondly, using this neasure, the current total nunber of



total undernourished in 1995 (915 Billion) is roughly

equi val ent to the FAO nunber of total undernourished in
1990-92 (840 billion). This simlarity is expedient, even
if not entirely accurate, because it allow us to argue
that, using this neasure, we are addressing the sane

magni tude of problemin 1995 that the FAOidentified in the
Wrld Food Summt of 1996. As the discussion in the text

poi nts out, however, the regional distribution of these
nunbers is substantially different, with South Asia show ng
much greater nunbers of undernourished, while sub-Saharan
Africa shows fewer undernouri shed.

Assessing the inpacts of interventions

For each intervention eval uated, the nodel analyzes the
direct inpact of a change in the proposed intervention on
undernutrition. This involves several sinplifying
assunpti ons.

First the analysis of each intervention is conducted

i ndependently of all other interventions. This inplies that
interventions are not conplenentary and do not have either
synergi stic or contradictory effects on undernutrition.
Thus, for exanple, inprovenents in rural roads are not
assunmed to inprove the efficacy of agricultural research.
Thi s assunption al so i gnores any preconditions that may
exist with regard to sone interventions.

For exanple, open trade policy is likely to be an inportant
factor in determ ning the extent of incone effects
generated by sectoral investnments such as agricultural
research or investnent in rural infrastructure. It should
be noted, however, that while the nodel's construction

i gnores these obvious relationships, they are addressed
explicitly in the scenario anal yses, which put together the
packages of interventions that are expected to be nost
effective in specific regions or countries.

A second set of assunptions concerns the tenporal elenent
of the nodel. In each case, the analysis seeks to estimte
t he percent change in the nunber of undernourished in the
target year (2015). The nodel does not devel op growth paths
of each inpact over the interval between the introduction
of the intervention and the target year. Thus, while the

i ntervention may occur progressively over the 15-year
interval between the introduction of the intervention in
2000 and the target date of 2015, the only neasure of



inmpact is in 2015. Moreover, the ultimate inpact is

cal cul ated as a reduction in the percent of the projected
nunber of undernourished people in that year in each region
or country evaluated. This inplies that the intervention
has no i npact on denographi c projections of population to

t hat date which m ght change the base | evel of
undernutrition in the target year.

A rel ated assunption is that regardl ess of when in this
interval each intervention occurs, it is assunmed to have

| asting effects on the nunber of undernourished through the
target date and into the future. As such, each
intervention's effects are assuned to be 46 permanent"” over
t he horizon of the analysis.

To establish links to undernutrition, all inpacts (except
the Political Stability and Targeted Food A d
interventions) are traced through various pathways to three
underlying variables, which Smith and Haddad (1997) have
found to be nost influential in explaining child
undernutrition. These underlying factors are - food

avai lability, fenale secondary education, and access to
safe water. The interventions operate per-capita inconme
which in turn affects each of these variables. This pat hway
- fromintervention, to inconme, to food availability,
femal e secondary education, and access to safe water, and
finally to child undernutrition - is the nechani smthrough
whi ch all other national and sectoral |level effects are
assuned to operate. Household and intra-househol d

i nterventions on the other hand, inpact one or several of
these directly. Table 2 bel ow provides the nultipliers and
el asticities for each of these relationships.



Table 2: Parameters Used In Relating Underlying Variables To Child Undernutrition

| mpact of Inconme on | mpact of Underlying variabl es
Under | yi ng vari abl es Child Undernutrition %
Under | yi ng vari abl es Par aret er El asticity Parameter El asticity
Access to Safe Water 0. 000092 0. 343 -0.085 -0.164
Fenal e Sec. Ed 0. 000083 0. 528 -0. 168 -0. 202
Food Avail. (DES) 0.1414 0.124 -0. 00081 -0.0732

Source: Smith and Hadad, (1998, draft), updated as explained in note (B)



a) These paraneters are expressed by Smth and Haddad as
percentage points. In the Mddel, these are expressed as
fractions and therefore each paraneter is reduced by a
factor of 100. b) These paraneters have been updated from
the original text by Smith using the |latest data fromthe
1998 version of the World Devel opnent Indicators. Estinmates
in the draft paper used 1997 data.

The inpact of each intervention on the broader popul ation
of undernourished is extrapolated fromthe inpact on child
undernutrition. As with the relationship in the general
popul ation, no literature could be found which exam ned
this relationship for any of the interventions used in the
nodel . The nodel therefore nakes the foll ow ng assunptions.
First, it assunmes a one to one rel ationship between the

i npact of each on older children (between the ages of 5 and
15 years old) and the neasured inpact for children through
4 years old. This relationship is assunmed, because children
affected by interventions at the beginning of the
intervention period will be 15 years old by the end.
Interventions are therefore assuned to have had the sane

i npact on each age cohort.

Wth respect to the adult popul ation, on the other hand,
interventions affecting children are assunmed to have four
tinmes as great a percentage effect on adults. This
assunption derives fromthe different character of
undernutrition in the adult population. A | arge conponent
of underwei ght adults are underwei ght because of stunting
at an early age (nearly all stunting occurs before the age
of five). Stunting in adults is not renedi able. What is
remedi abl e, however, is wasting in the adult popul ation,
which is the ratio of weight to height. The facility of
correcting for this problemis assuned to be reflected by
the ratio of wasted to underwei ght persons 'in the
popul ati on. Lacking specific nmeasures for adults, the ratio
fromchild malnutrition surveys is used. This ratio is
consistently dose to four for nost devel opi ng countries of
the world. 2

Lastly, the cost of each intervention is assessed based
upon unit cost data for quantifiable '"interventions.

Nati onal Level Interventions



At the national level, four (4) policy-based interventions
have been exam ned. These address political stability,
denocrati zati on, and openness and trade tariff reform |In
addition to the direct and/or indirect effects that each
has on undernutrition7 all are also considered to be
necessary conponents of a policy environnent conducive to
i nterventions which are nore closely linked to the

under nouri shed. Sone interventions, particularly at the
househol d and intra-househol d | evel may be feasible, but
interventions at the sectoral level are not likely to be
worthwhile '"in the absence of these reforns.

Before turning to the details of each intervention it
shoul d be noted that because each intervention at this
level is of a policy nature, the costs difficult to
quantify. An approach to this problemis proposed for al
interventions at the end of this section rather than for
each intervention individually.

[Cf. Sixth World Food Survey Table 8.]
Intervention 1: Political Stability

Logic: The well-known direct negative effects of civil war
and strife on physical security are assuned to reduce
people's ability to access food. In addition, food
production and therefore availability is disrupted.
Furthernore, during periods of war the general |evel of
public services is curtailed both because of difficulty in
accessing and the general shortages of funds to provide
them Finally, incone reductions and asset | osses due to
war reduce people's entitlenent to food.

Data and Assunption: The intervention analysis exam nes
the i npact of establishing peace before 2015 in each region
or country where war and civil strife have been present in
the last ten years. To assess this effect, a cross-country
COLS regression was used to evaluate child undernutrition

| evel s between 1990-92 as a function of the country having
been a war torn country in the last ten years, as well as
ot her underlying vari abl es associated with child
undernutrition. The results consistently show a highly
significant increase of about 8 percentage points in the

| evel of undernutrition of children, holding other
under |l yi ng vari abl es constant (region, female education,
access to safe water, fermale status), due to the presence
of war. Regression results on the inpact of war on



undernutrition in children are presented in appendi x Tabl e
A. 6. The War variables for each of the focus countries and
regions in the analysis is presented 'in Appendi x Table A
1

Qobvi ously, the costs of achieving peace in these countries
are difficult to assess. However, the scal e of
interventions are not necessarily high if proactive
nmeasures to avert conflict can be taken. Budgets sufficient
to engage conflicting parties in sustained dial ogue are

i ncluded. This dialogue would rely on conflict avoi dance
and resol ution techni ques. These efforts would necessarily
be coupled with a heightened and concentrated effort by the
world community to apply sustained pressure on opponents to
use these procedures to resolve their differences. The
process of estimating costs *involved *in this process are
exam ned at the end of this section.

| ntervention 2: Denocratization

Logic: The effect of denocratization on reducing
undernutrition is traced through its inpact on creating a
nmore equitable Location of public resources to conponents
of the popul ati on where the undernourished are
concentrated. The nodel relies on neasurenents of this
effect by Smth and Haddad. Specifically, they neasure a
direct link between the degree of denocratization and the
Location of public resources to provide access to safe
drinking water. Safe drinking water, in turn, directly
affects the health of individuals and therefore their
capacity to absorb nutrients. This link is discussed
further under Intervention 8 bel ow

Dat a and Assunpti ons. Measur ement of the current status
of denocratization uses the arithmetic average of two
nmeasures of rights that are typically attributed to
denocraci es. These neasures are scores of civil and
political liberties. The assunption in the analysis is that
this index | inproves over the interval berweenl995 and
2005 by 30 % of the gap between the current |evel and the
optimum level, which is seven. This assunption reflects a
rate of change of roughly twi ce the historical rate of

i nprovenent it. the index over the past twenty years.

This change is related to access to safe water using Smith

and Haddad's finding that a 1-point gain in the denocracy
i ndex i ncreases water access by 3.51 % Access to safe
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water is then related to child undernutrition through the
mul tiplier reported in Table 2.

This approach is likely to underestimate the inpact of
denocrati zation on undernutrition to the extent that
denocrati zation al so i nproves access and raises the quality
of other public services to the undernourished as well.
These may include such things as health care Servi ces,
education, transport and tel ecommuni cations infrastructure.

I ntervention 3: Econom c¢ Openness

Logic: The inpact of open policies on the volune of trade
and on economic growth is now well established. Qpenness
has both a direct inpact on GDP growh and indirect effects
through its effect on trade and investnent, each of which
al so i npacts income growth. These conbined effects are
assunmed to have an annual conpoundi ng effect on per capita
income growh for the period 'in which openness is
sust ai ned. | nconme accountability, in turn is assuned to
have inpacts on the three underlying variables affecting
child undernutrition - food availability, fermale secondary
education, and access to water - as ,indicated 'in Table 2
above.

Dat a and assunptions: The definition of econom c openness
uses a variabl e devel oped by Sachs and Warner (1995). This
vari able classifies countries as open according, to cut-off
| evel s of the black market exchange rate premium the

i nfluence of export narketing boards, the | evel of coverage
of quotas on inports of internediate and capital goods, and
t he absence of a socialist government. A country is

consi dered open when all four conditions are net in a given
year; otherw se the variable equals zero.

The direct relationship of trade openness to income growh
and the indirect relationship to inconme via its inpact on
trade has been neasured by Stryker and Pandol fi. These
conbined effects all estinmated by Sachs and Warner to add
on the order of 2%to growh rates for devel opi ng
countries. This paraneter is therefore assuned in the

anal ysi s.

The openness status of countries or regions in 1995 is
assunmed to be the base condition from which changes can be
obtained. In the analysis, it is assunmed that open status
can be achieved by the year 2005 for countries that are not
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open, and that this status can be maintained through the
target year. For re ional groupings covering nore than one
country, the openness paraneter represents a popul ation-
wei ght ed average of the openness paraneter.

As noted above, the inpact of these effects on incone
growt h are conpounded annually for successive years of
openness (15 years). Appendix Table A 1 presents the |levels
of openness, their inmpact on 'incone growh and the
conpounded effect on per capita incone |levels at the end of
the projection period for each country and sub-regi on.

I ntervention 4: Food Tariff Reductions

In addition to these incone effects, a related effect of
the i npact of trade openness is traced through the effect
of reduced trade restrictions on the cost of food. This
applies in particular to policy reforns that renove
guantitative restrictions and lower tariff barriers to food
imports. The justification of this inpact Is that for
countries which currently tax or otherw se restrict food
staple inports, a reduction in the |level of protection of
these inports will reduce the donestic price of food
stapl es by roughly the sane percent. The percentage price
change for staples is translated into a change in food
caloric availability Using a long-run price elasticity of
demand for calories. The inpact of food caloric

avai lability on the nunber of undernourished is then traced
through its relationship to child undernutrition using the
equations provided by Smth and Haddad (see above), and
then to total numbers of undernouri shed.

Wth regards to the inpact of price changes induced by
changes in trade policy, current |levels of Inport
protection were estimated from producer prices taken from
the Worl d Bank Devel opnent | ndicators and gl obal prices in
1993. Both world prices and | ocal producer prices where
adjusted to a conmmon urban whol esal e point, inclusive of

i nternedi ate processing margins. Rates of protection were
al so adjusted by deflating by the ratio of the nomnal to
the real, econom c exchange rates. These show that, wth

t he exception of South Asia, all country/sub-regions had
net nom nal protection coefficients substantially in excess
of One. The assunption in the analysis is that these are
brought down to a target |level of 1.0 by the year 2015.
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To eval uate the inpact on caloric availability, a long run
price elasticity of demand for calories of -0.2 was used
for all countries and sub-regions. This estimte denotes
from conpari sons of estimates used in a variety of sources.

[Footnote: 3C.F review of literature by Sebastian Edwards, 1993, "Openness, Trade Liberalization and
Growth in Developing Countries, " Journal of Econo7nri LzteraWre, 31 135S5-1393; and more recent
research by Stryker and Pandolfi (1997), Sacks and Warner, 1996 , :Sources of Slow Growth in African
Econorru*es," HIM Development Discussion Paper No. 545.

Stryker and Pandolfi (1997), Sachs and Warner (1996)

Costs of Policy Interventions

The costs entailed in achieving political stability,
denocrati zation and trade openness are difficult to
quantify since nost of the difficulty in effectuating these
reforms is not the direct cost but rather costs entailed in
the political and econom c repercussions on diverse
interests within society. As policy decisions, the marginal
costs of each intervention are arguably close to zero)
since op, - action of the policy apparatuses in each
country is likely to be incurred whether: the correct
policies are introduced or not. On the other hand, it may
be argued that choice of correct policies will require
training of policy nakers to understand the |ogic and

requi renents of sustaining openness. Direct
training/techni cal assistance costs have been roughly
estimated from past technical assistance contracts that
have focused on national trade and macroeconom c policy
change. Costs are assumed to be proportionate to the

magni tude of the policy change required, and to increase

wi th the popul ation of the country, but at a | ess than
proportionate rate. Appendix Table A 5 presents assuned
trai ning/techni cal assistance package costs for each
country or region to achieve the desired goals.

Both political inertia and opposition to policy changes are
certain to require pressure to overcone them To sone
extent this pressure may naterialize as the val ue of these
policy changes becones better understood. Moreover, to the
extent that the sectoral and subsectoral level initiatives
of the food security initiative are contingent on these
policv changes, the 'incentive of these prograns will also
provi de i nducenent to change. However, past experience has
denonstrated that external forces cannot orchestrate this
pressure, rather, donestic policy makers nust back policy
reform

13



Sector-Level Interventions
Intervention 5: Rural Roads

Logic: Rural road density has been shown to be anong the
nost inportant contributors to productivity growth
agriculture. This is due, first, to the inpact that better
roads have in reducing the transport conponent of i nput
costs and transaction costs of marketing products. In
addi ti on, however, roads inprove the flow of information on
mar ket conditi ons, new technol ogi es, and potenti al hazards
and risks to their enterprises. Rural roads al so inprove
the conpetitiveness of nonfarmrural activities and

i ncrease access to public and private services that support
the rural econony. Thus through these nultiple and diverse
ef fects, numerous studi es have found that good rural roads
are a necessary conplenent to the success of other
activities in rural areas.

[Cf. Assumptions of ERS. , International Agricultural Baseline
Projections to 2005. May, 1997, USDA/ERS. | Strauss and D. Thonas,
Ch34. Human Resources: Enpirical Mdeling of Household and Family
Deci si ons, Handbook of Devel opment Economics, Vol. 3. A (Ansterdam
North Hol |l and 1995) pp. 1894-1895.]

The nodel traces only the nost inportant of these |inks,
the act of rural road investnent on agricultural |abor
productivity. This, in rum is assuned to have a

mul tiplicative effect on aggregate national inconme. |ncone
growh is then assuned to

The cost of reforns is nodeled by a function that rel ates
the square root of the population to a standard techni cal
assi st ance package cost. The basic technical package
assunes that a country with a population of 100 mllion
peopl e would require 100 mllion dollars over the fifteen-
year period to inplenent a conplete set of policy reforns
in political stability, denocratization or economc
openness. Each function is also weighted by the extent to
whi ch the country has al ready converged with the sought
after reforns. Thus countries or sub-regions which have the
furthest to go make the nost cost-effective progress in
policy reforminfluence child undernutrition through the
three underlying effects nmeasured by Smth and Haddad
(Table 2).
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In addition to incone effects, inprovenents in agricultural
productivity are also expected to directly increase food
avai lability, as a function of the share of agricultural
productivity inprovenents, which are assuned to accrue to
food crops. This direct effect is therefore added to the
*income effect on food availability and then transl ated
into an inpact on undernutrition.

Dat a and Assunptions -- Appendi x Table A 2 presents
estimates of rural road densities, and agricul tural
productivity fromwhich inpacts are derived.' Craig, Pardee
and Rosebl oom (1997) have neasured the i act of rural roads
on agricultural productivity fromcross-country data for
devel opi ng countries. Their data Vl1*elds a road density

el asticity of agricultural |abor productivity of .09. In
this analysis, this elasticity has been to .2 to

i ncorporate the contribution of roads to the efficacy of

ot her factors which contribute to agricultural productivity
(animal and tractor traction, fertilizer use), but which
have not been included in this analysis. Evidence of a
stronger effect is corroborated by Fan, Hazel, and Thorat
(March, 1998) et al, for India, who find very high
multipliers for total factor productivity due to road
density. Using the data for the subset of
countries/subregions for rural road densities and for
agricultural productivity, 'an intercept paraneter was sub-
estimated for a function relating the two series.

As noted above, the inpact on agricultural |abor
productivity is assuned to translate directly "into an
‘increase in agricultural product. This in turn is assuned
to inpact on general income in the econony. Various studies
have evaluated this nultiplier for different countries of
the world."” Spencer summarizes this evidence, givVing

mul tiplier ranges of 1.5 to 2.7 for Sub-Saharan Africa and
1.5to 2.4 for Asia. Based upon his assunptions, the nodel
assunes a nultiplier of 2 for all countries.

Transl ating agricultural productivity into changes in food
availability is nade by a paraneter, which assesses the
share of inprovenents in agricultural productivity, which
can be assunmed to accrue to food crops. Because investnents
in agricultural research are expected to go to cash crops
as well,the assunption nade in the analysis is that the

i npact on food products is half the effect on overal

agricul tural output
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[ Footnotes: 8)Data on rural road density is taken fromthe Wrld Bank
Wor |l d Devel opnent Indicators, 1998. Agricultural Productivity data is
taken from Ti mer (1997) and, where absent from his estimates,
interpolated fromdata on the agricultural share of GDP and the rura

| abor force.
9) This techni que evaluates the intercept b, as foll ows:

bo - 1/n 1 [In (A - b, IN(R | where n is the nunber of observations
in the series, Ais the agricutlural product per capita rural |abor, R
is rural road density and bl is the known partial elasticity relating
the two. Qbviously, the equation assunmes that bi is a genera
elasticity, however, what is inportant is that it yields an intercept
that is representative for the sanple chosen such that in the nodel,
the inmpact of large changes in Rresult in realistic changes in A
(10)" See Dunstan Spencer, 1994, and al so Bl ock and Ti mrer, 1994.].

Cost: Rural road construction costs were obtained fromthe
Worl d Bank for construction of rural roads."” Costs per
kilonmeter of laterite roads range between 10 and 80

t housand dol lars (1998) depending on terrain, distance to
sources of material and other factors. However, as a
general nean, $20, 000/ km was assuned, representing an

all -weather laterite road built for savanah zones
sufficient to accommpdate 10 to 40 veliides per day.

Intervention 6: Agricultural Research

Logic: Agricultural research is crucial to sustaining
agricultural productivity growh in the mediumto |ong
term As wth rural roads, its inpact on undernutrition is
traced through its inpact on agnicultural productivity,
which then has a nultiplicative effect on national CDP
Per/capita inconme gromh then affects the underlying causes
of under-nutrition.

In addition to these effects, as with rural roads,
agricultural research is also assuned to increase caloric
availability directly through its inpact on food
producti on.

Data and Assunptions: The |evel of current agricultural
research has been taken fromestimates by Pardee, et, al,
for Sub-Saharan Africa. For other regions and countries,
this data was not available and therefore a rough estimte
was derived from Wrld Devel opnent Indicator data. The
derivation assuned that .6% of GDP goes to research and
devel opment *in each country/region. This paraneter is an
average for a subsanpl e of devel oping countries in the data
set for which the "information exists. The share going to
agriculture was then assuned to be proportionate to
agriculture's contribution to GDP in each country. The
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resul tant absol ute anmpbunts and anounts per capita are
reported in Appendi x Table A 2 for each country or region.
Dat a assunptions for agricultural productivity, and inpacts
on national *incone and then on underlying causes of
undernutrition are identical to those used for the rural
roads analysis (Intervention 6).

An el asticity of .1 was used to link agricultural research
to agricultural productivity growth in all countries. This
paraneter was borrowed fromthe analysis by Craig, Pardee,
and Rosebl oom (1997).2 As 'in the case of rural roads, an
"intercept paraneter was estimated to adjust the elasticity
effect to the specific data used in the analysis. The

| i nkage between agricultural productivity and natural

i ncome, and between natural inconme and child malnutrition,
was assuned to be the sane as for rural roads.

As with rural roads, increases in agricultural output
are assuned to have half as great an inpact on food
production in percentage terns.

Cost: Investnents in agricultural research represent their
costs directly. Regarding the timng of these investnents,
however, there is typically a substantial |ag between the
instigation of agricultural research and its inpact on
productivity. For this reason, all agricultural research

i nvestnments are assunmed to be invested in the first five
years of the initiative, allowing ten years for themto
come to fruition. In addition, it is assuned that research
is adaptive 'in nature and targeted to facilitating

technol ogy transfer, so gestating periods are not | ong.

Househol d Level Interventions
Intervention 7. Targeted Food A d

Logic: The targeted food aid intervention is assunmed to be
a direct transfer to populations at high risk of
undernutrition who are participants in maternal and child
health care prograns. To eval uate the inpact of these
transfers, the analysis assunes that the transfer nust be
sufficient to permanently renove an individual fromthe
ranks of the undernourished. To do so, the transfer nust
contain an investnment conponent sufficient to sustain the
individual’s income in perpetuity at a | evel above the
threshol d of food security. The anal ysis does not specify
what these investnents m ght be; they m ght include
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i nvestnment in human capital through education (Intervention
7), access to water or other infrastructure which
permanent|ly reduces the risks of undernutrition
(Intervention 7), or direct investnents in productive
activities such as agriculture. It is assumed that NGO s
will be heavily involved 'in deciding how these transfers
are to be spent. While this approach substantially

i ncreases up-front costs, it also assures sufficient
transfer per capita to insure that the inpact will be

per manent .

Data and Assunptions: To determ ne the annual incone
transfer necessary to renove a person fromundernutrition,
the analysis relies to the poverty gap neasure. This
measure is the aggregate average daily shortfall fromthe
poverty line of people belowthis line. Myving a person
above the poverty line is assuned to al so renove the
"individual the ranks of the undernourished since the line
is defined to be the *inconme | evel bel ow which an

i ndi vi dual does not have sufficient entitlenment to the
basi c necessities of life."

The anal ysis assunes that the transfer noves one-half of

t hose bel ow the poverty line to a position above the |ine.
The capital requirenents to generate the annual cost of
doing this is estimated using a capital -output ratio of
three. Appendi x Table A 3 presents assunptions regarding
t he poverty gap, and the necessary incone transfer needed
to reduce the undernourished by one person for each
country/ sub-regi on considered 'in the analysis.

In addition, the incone transfer is discounted by a factor
(0.75) to reflect the inefficiencies involved in using food
aid to transfer inconme to targeted groups. This efficiency
paraneter is projected to be higher than has been the case
in the past (.6) due to two expected i nprovenents in
targeted food aid transfers. First, the rapid devel opnent
of information technol ogi es such as smart cards,

t el ecommuni cations, and the internet are expected to

i ncrease the efficiency of conducting and nonitoring incone
transfers, to inprove targeting of the transfers to the
under nouri shed, and to reduce | osses due to fraud that are
typically associated with such subsidy schenes. Second, the
sale of food aid to generate income for transfers is
expected to be handled to a much greater extent by |arge
experienced nultinational grain traders. These traders are
expected to be nore efficient than the NGOs who currently

18



nmoneti ze nost food aid because the grain conpani es can
exploit econom es of scale in storage, shipnent and
mar keti ng, and can obtain better prices on world narkets.

Intervention 8: Femal e Secondary School Education

Logi c: The inpact of female education on undernutrition
operates through a variety of channels. First, better-
educat ed wonen know better how to care for their children,
with respect to health and diet. Secondly, they are nore
likely to practice famly planning successfully, which
allows for better birth spacing and ultimately smaller
famlies. Both of these effects inprove the food security
prospects for the children which are born. Moreover,
schooling, particularly secondary education, inparts
greater status on wonen, and therefore enpowers themwthin
society to nmake greater demands for their famlies.
Finally, education has the obvious effect of inproving the
i ncome earning potential of the famly and thereby
increases its entitlenent to food.

Data and Assunptions -- Smth and Haddad have found that
for every 10-percentage points of increased female
secondary school enrollnent, child undernutrition falls by
1.7 percentage points. This relationship is used directly
in the nodel. (See Table 2.)

The timng of investnents in femal e education are assuned
to occur in the first five years in order to allow greater
education to inpact househol ds as better educated girls
becone nothers. Investnent costs are assuned to be
recurrent in order to sustain the percentage increase in
femal e secondary school educati on.

The cost of femal e secondary school education assunes
S52/femal e /year in SubSaharan Africa and $35/fenual e/ year
in Asia and the rest of the world. These data are taken
from Sunrners, 1994.

| ntervention 9: Access to Safe Water

Logic: Safe water is known to dramatically reduce exposure
to a variety of debilitating diseases that directly
obstruct the intake and utilization of food by the body.
These di seases include dysentery, and internal and external
parasites anong others. In addition, easier access to safe
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wat er reduces the tinme of hauling water, and therefore

i ncreases the productivity and ultimately the status of
wonen, whose work typically included, providing water to
t he househol d. Inprovenent in access to safe water
therefore has both direct and indirect effects.

Data and Assunptions: Smith and Haddad found that a
ten-percent inprovenent in access to safe water reduces
child undernutrition by 0.8 percentage points. Investnents
in safe water are assuned to be feasible at any point in

t he planning horizon to 2015. Mreover the inpact on the
under nourished is assuned to be permanent because
investnments in safe water infrastructure are assuned to

| ast for nore than the 15 year inpact period.

Data on current rates of access to safe water are provided
in Appendi x Table A 3. The Wrld Bank has estimated the
cost of providing safe water at $15/person in rural areas
of devel oping countries. These costs cover well digging or
provi sion of accessible water point sites, which provide
uncontam nated or treated water. Investnents to provide
access to safe water for purposes of food security are

limted in the nodel, however, by the fact that by the year

2015, even w thout exceptional investnents by the donor
comunity, nost countries are projected to have provided
safe water to nore than 80% of their househol ds."

For safe water, as with fenmal e education, the nodel

i ncl udes an override such that investnents M nproving saf
wat er cannot exceed the nunber of people who | ack safe
wat er .
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