43886

@_

-

Economic Commission for Africa

Population Environment
Development Agriculture Model

Technical Manual

Addis Ababa, Fthiopia
May 2007



Table of Contents

I The PEDA model: an advocacy tool modeling the interrelationships between
population, development, the environment and agriculture........ ternerersneeresannas rererrrrsreenans |
L1 Background ...ttt ssss s esess s s seseensees |
L2 PEDA IR BLIEF ..ottt bbb s semsesn e s et e een 2
1.3 “Iwo approaches in modeling the nexus iNtEractions .........ovvevecveecereeivsieriiiiiiiesee e e s 3
L4 AN adVOCACY T0O0Lu.uuiiiiicceccieccritre et sess b sas s b ce e sttt see e e e enenes s s ees e e 4
L5 TWO USEE JEVELS....iuiiiiiciiicciicicctce ettt e e e enanens s e r s rens 5

2 A substantive description of the PEDA model.......coorvvrererennes SO — ST — 6
2.1 Theoretical foundations and the structure of PEDA.......cooovoceeevinisi e esvesnes oo meons 6
2.1.1 The theoretical inspiration for PEDA ......c.coiuiminiurereseiieecceeeeece st eesseeesssessesessssneseeees 6
2.1.2 The structure of the PEDA model ........cvvvmeervrenieniseissieiiinseeeeeeessesesesessesseseessesed ]
2.1.3 Vicious versus virtuous circle dynamics .......coocovvvirieieiieieeeeseevessie oo eses e 8

2.2 The pOPUlATION SEGMENT .....vcvercisecreiereceieeeentie st essemss oo sssss e sesemaeeseeesessseesasesseneesssesesssD
2.3 LAD oottt et eeneseenassesen e seranns L2
G WALET ittt e e b b ettt e e enr s 14
2.4.1 Rain- fed agrictulture. ... et ss s et se et e n s aeen 16
2.4.2 Irrigated agrCUlEUE. ........ccurirererccriicrneceeersssessseesnses e sesset st s eeeseneseersseenseseesrenses 7

2.5 Agricultural production SEZMENE .........ccceiiiiieemr e eeeee st seseeseeeeseeees s ess s ees s 19
2.6 Food availability and distribution ...ttt 22
2.6.1 Food availability ...ttt et es e et s s e 22
2.6.2 Food diStrIBULION .u.veveeveecetr st st sene et nee 22

2.7 HIVIAIDS in PEDA . oot e sss e et s s e e ee e s e st ebesesse e 24

3 An overview of the user-defined scenario variables and output variables ....... PP 29
3.1 Model parameters and scenario variables .........cocviiiiiiuiriieieeeeeeeeeeee e 29
3.1.1 General model SEttings ........ccccomceiniimnncneie e OO 29

3.1.2 Sub-population Parameters.............oiercereeenisresinmmnnansssns st ssessssessosseseenesemeese s s essenes 32

3 I 4 Parameters for food supply ............................................................................................... 34

3.2 Output variables.................... BT U PO SO TSTUTUROOPRPOURNINE. ¥4
3.2.1 Multple lnterfaces to access the output of the pro;ecnons ................................................ 37

3.2.2 List of iNdICATOTS .1ovvuvivoerreiriiitceiciecee ettt e e ee e e s e sae s e es s ses e 38

3.2.3 Lirerate Life Expectancy (LLE) ..ot eeeee s s ee e sesssssssen 39

4  Structure of the software, underlying data bases and spreadsheets................. OV 42
4.1 Introduction.............. UV VPV OT USROS - .

4,2 'The structure of thc apphcatlon and databascs ...... e bbb st en 43
4.2.1 FoUr databases......vuucuuuecerceesimersiens s ses et es e sese e e ee s 43

4.2.2 The integration of the databases in the PEDA application ................couvveveeemerereorsrosseresnrnn 49

4.3 The EXCel SPIEaSheets........c.urivrevureereereens st tees sttt ceeseseseeesesess s eees s s 52
4.3.1 The Params’ WOorksheer ..........occouvriiiriiiirniees st eese s esessesssss s eeeeess oo 53




4.3.2 The ‘Params]” Worksheer ....oooiciiceeieiescirre et s 53

4.3.3 The ‘SetScen’ WOrKSHEET ..ooviiciirris oottt bt e s 54

4.3.4 The NDSCED WOTKSREE ..oc.ovivvieireceeererereseeesercesn e s s s sasasanm s semns e bbby 54

4.3.5 'The DistribE WOrKShEet ..vcicieeeiieriicererrrcc ettt s 55

4.3.6 The ‘St1’ through ‘St8’ and “Total’ spreadsheets........oovicnrincniiiiiniminie 55

4.3.7 The TPop’ spreadshect . i 55

4.3.8 The ‘Main’ WOrKSHEET ....oveveeeiiirr ettt st bt 56

. 4,3.9 The ‘Results’ Worksheer ..ot rss s e ssssa s 56

5 Methodological support for the initialization of PEDA for new countries ......cccooeeneee 57

5.1 TIULPOAUCTION e veieeeisrisassers e sesesseseesesesaenenrere et shs e s s e s emsamnseshsab b b aAbabe e sb e s a ke s s s e e e e st b a4 PR s e n s 57

5.2 'The food-distribution FUNCHON ...t bbb s s s 58

5.3 The age and sex distribution of the population for each of the eight states coooviniviinierrirerrnns 61

5.4 Age- and sex-specific death rates (mx) for each of the eight states ... 63

5.5 Age-specific fertility rates (ASFR) for cach of the eight states....ooooiiiniiinciiiis 65

5.6 Initializing the model for a new COURLEY vevvanrrerenseensnemsessancrasiassssssesssnssmssssssesssssssssnesensssccenss 09

6 References....... S seerasirsaisnns — vensssasrererens caresarsesearens cersearernan 74

Annex I: Deleting scenarios and projection results.......... S corsesssrerarernn S 76

Annex 2: Using Spline for interpolating the population age structure............. ersssanserarerarens 77
v




| The PEDA model: an advocacy tool modeling
. the interrelationships between population,
development, the environment and
agriculture

I.I Background

In the last two decades, Africa experienced a severe crisis, manifested in the constant decline of its economic
growth rate, among other indicators. Since 1994, the economic situation of the continent has improved
steadily, but this resumption is still below the necessary level to have a significant impact on poverty. Although
the proportion living in extreme poverty in Africa may have declined with a few percentage points in the
last couple of years', high population growth rates mean that the absolute number of poor still increases
dramarically on a daily basis. Additionally, Africa’s economic performance seems to be highly dependent on
the international economic environment and on weather conditions - two exogenously determined factors

that do not embody any guarantee for future growth (ECA, 1999).

Two basic pressures account for the continued deterioration in the quality of life in Africa. First, the population
growth rate exceeds that of economic growth and food production in most African countries (Table 1-1).
Additionally, the rapid deterioration of the environment on the continent prevents the desired increase in
agricultural productivity. Today, over three-fourths of sub-Saharan African countries produce less food per capita
than they did in the 1980s. Daily calorie availability is well below the recommended minimum and as much as
30-40 per cent of the popularion is undernourished. Malnutrition affects even more people. Food insecurity,
rapid population growth and environmental degradation constitute a very important challenge for public policy
in Africa today.

Table I-1: Africa’s economic performance vs. population growth, 1965-98

Years
Indicator 196573 | 197479 | 1980-85 | 1986-89 | 199094 | 1995.1998
Population growth rate 2.6 27 28 27 25 24
Growth rate of GDP (average) 57 35 1.8 2.5 1.9 3.3
Growth rate of per capita GDP 3 0.7 -1.1 -05 -1.1 0.7
(average)
Growth rate of agricultural 27 3 1.5 27 21 6.2
output (average)

Sowrce: ECA Secretariar

1 Currently, around 52 per cent of Sub-Saharan Africans are living on less than $ 1 a day (ECA, 2001).




Inspired by the notion of sustainable development as reflected in the series of United Nations conferences during

the 1990s, there is increasing understanding of the necessity to go beyond the traditional sectoral approach

to national development to one that captures the interaction between sectors and interdependencies between
policy objectives. It has been demonstrated that, at least in the medium to long run, a country’s economigime
petformance and the food securicy of its citizens are closely related to its demographic and educarional trends

as well as to the health of the natural environment. Since these issues are closely interconnected in the real
world, they should also be viewed together in national politics and development planning. Not considering

this inter-sectoral nexus could have serious repercussions in the furure.

The scientific understanding of mutual interdependencies is, however, not yet sufficiently reflected in the
political institutions of individual countries. There is tremendous inertia in such systems, partly due to the
traditional training of experts thar is often characterized by compartmentalization of disciplines, and partly to
the fact that the impact of developments in one sector is often invisible in another sector in the short term.

Hence, convincing policy makers and country experts of the negative synergy arising from the interconnections
of population growth, environmental deterioration and declining agricultural production is a major objective
of the Sustainable Development Division (SDD) of the Economic Comumission for Africa (ECA). With that
goal in mind, the SDD engaged itself to develop 2 computer simulation model intended to illustrate the
interactions between population changes (P), the environment (E), socio-economic development (D) and
agriculeure (A).

The first prototype of the model was formally presented to a group of experts including invited scientists
from member States and affiliate international organizations in November 1998 at the ECA in Addis Ababa.
Provisional data for three countries (Burkina Faso, Madagascar and Zambia) have been prepared to test the
assumptions and structure of the model and the evaluation and revision of the model since then has eventually
led to the version that is presented herewith. From here onwards, PEDA can be used and customized by
researchers, universities and policy makers for policy-making and analysis. The ECA will continue to support
the model and any effort for its further application.

1.2 PEDA in brief

PEDA is an interactive computer simulation model (developed for MS-Windows environment), demonstrating
the medium- to long-term impacts of alternative national policies on the food security status of the population
(Lutz & Scherbov, 2000). Through the manipulation of scenario variables, the model enables the user to
project the proportion of the population that will be food secure and food insecure for a chosen point in time.
As food security is a factor of developments in the field of population, agriculture, the environment and socio-
economic development, the model demonstrates the relationships berween these fields as well. The first official
version of PEDA software (hereinafter called v1.0) includes the results of the first experiments to introduce
an HIV/AIDS component and to illustrate its impact on the other variables in the model. As such the PEDA
model is able to give answers to a wide range of policy questions regarding the nexus interactions (Box 1-1).




Box 1-1: Policy questions

1.3 Two approaches in modeling the nexus interactions

In the field of population-environment models we can distinguish between two kinds of approaches:

{a) Comprehensive models that try to assess the full range of population-environment interactions
for a specific region; and

(b) Models that limit their focus 1o a specific chain of causation and therefore tend to be more
focused and theory-driven. Both approaches can contribute to the better understanding of this
complex field of studies. Both have their strengrhs and weaknesses.

The more comprehensive (holistic) approach, which tries to evaluate all relevant factors, can help us to better
understand the relative contribution of specific factors to the full picture. The series of PDE (Population-
Development-Envitonment) case studies conducted by the International Institute for Applied Systems Analysis
(ILASA, Vienna) in different parts of the world are a good example of such comprehensive studies. Recent
applications on Namibia and Botswana, which originally planned to focus primarily on population growth
and water scarcity, had to be modified because the HIV/AIDS pandemic turned out to be of paramount
importance. Since around one-third of the population of these two countries is estimated to be HIV positive,
[1ASA has decided to dedicate a big share of the effort to HIV modeling,

The PEDA model follows the other, substantively more focused, strategy. It attempts to quantify one specific
causal path, which actually is an assumed loop, or circle that follows a clearly defined theoretical model.
It is restricted to portraying factors that are relevant to that specific mechanism, leaving out many others.
This approach is more in line with the tradition of economic modeling that tends to make cereris paribus
assumptions on all factors that are not directly relevant to the hypothesis studied, even though such factors
may be very significant for the future of a country under a mote comprehensive approach. For planning
purposes and science-policy interactions, both the more comprehensive and the focused approaches have their
virtues and shortcomings. In an ideal world a comprehensive super-model may incorporate several focused
models, but this is difficult to achieve and may, indeed, suffer from some of the well-known shortages of
mammoth models.




Having dwelt on this difference, it is worth noting thar both approaches, i.e., the IIASA-PDE approach and
PEDA, have important features in common, namely an emphasis on:

(a)  Interdisciplinary scientific analysis and projection; and o~
(b)  Science-policy communication.

Interdisciplinary scientific analysis and projection lies at the heart of both approaches. In dealing with cross-
cutting issues such as the effects of education on fertility and population structure and in turn on agricultural
productivity and food security, the model necessarily needs to refer to the state of scientific analysis in a
number of different disciplines, ranging from demography to economics, agricultural sciences, land use analysis
and even water engineering. By putting information down in quantitative terms and specifying the specific
quantitative inter-dependencies such a computer model can also help to contribute to overcome traditional
disciplinary boundaries that have been characterized by specific research paradigms and approaches.

Such models can contribute to improved communication between the disciplines by inviting scientists from
the different disciplines to add to the model the specific structure and data they consider appropriate without
losing the interaction with the other segments of the model. Specific empirical case studies (at the national or
sub-national level) seem to be the right strategy to advance this goal and they are also the most useful under a
policy perspective when the model is used to produce alternative projections under alternative policy-relevant
scenarios.

Science-policy communication. Similar to science being broken down into different disciplines, government
policies tend to be compartmentalized according to the competencies of different ministries. This works well
for some areas where the issues are limited in scope and require specialized treatment, but it does not work
well for crosscutting problems. Issues such as food security have to do with population, the skills of the labour
force, agriculture production technologies and environmental issues such as soil quality and water availability.
These diverse aspects do not fall into the responsibility of a single ministry in any country of the world. For
this reason new ways need to be found to support inter-ministerial connections to reflect the fact thar in the
real world things are also interconnecred.

An inter-sectoral model such as PEDA can help to demonstrate the usefulness and even the necessity for
several ministries to work together on these issues. Furthermore, specific quantitative figures showing the
outcomes of alternative policy choices over the coming decades are an efficient means of communication
between scientists and policy makers. When using such models scientists do not only provide policy makers
with vague opinions or unproven recommendations, but they can clearly and quantitatively demonstrare
what alternative outcomes are to be expected, given of course that the specific assumptions of the model
are accepted. Bur if the assumptions seem inappropriate, they can be changed and the new results can be
compated to the old ones.

1.4 An advocacy tool

As 2 model with a focus on a specific chain of interactions, the mission attributed to PEDA at its corception
was one of advocacy: illustrating the negative development spiral resulting from high population growth,




environmental degradation and decreasing per capita agricultural production. It is to demonstrate the
magnitude of existing interactions and suggest alternative policy strategies to break this vicious circle in Africa.
With this v1.0 of PEDA, the ECA has reached the point where the model can be effectively used as such.

Since its conception and after several rounds of evaluation and review, the different components of the model
have grown and have been refined steadily to support ambitions that may exceed its advocacy function.
However, the degree to which PEDA can actually be used as a prediction tool to concretely support policies
of a given country is not yet clear. For that purpose more sensitivity analysis is needed and more, better and
country specific data need to be collected and fed into the model. This is an effort for which the ECA invites
research institutes and universities to collaborate in an effort to improve the value of the PEDA model for
concrete policy support.

1.5 Two user levels

The model can be used at two different levels. Initializing the model for a new country would ideally be the
job of a team of experts with specializations in demography, agriculture and natural resources modeling and
with sufficient computer skills. However, once the model has been initialized for a specific country, persons with
basic computer skills can easily make projections themselves and test the effect of alternative policy scenarios on
the food security status of the population.

The two different user levels are also reflected in the software structure. Most users will restrict themselves to the
options available in the standard user interface. For mote advanced tasks such as initialising the model or for
manipulating some of the parameters, the user needs to go beyond the user interface.

This manual is designed for both users. Those initialising the model for 2 new country or changing some of its
assumptions will find the necessary information and guidelines in the procedures to follow. Others, only interested
in carrying our projections for already initialised countries will find in the first three chapters information on
the model’s assumptions, its possibilities and limitations, the manipulation of the scenario variables and the
interpretation of the outputs.

The rest of this manual is divided into a substantive account of the model, a more technical section with a
description of the structure and content of the databases and excel spreadsheets underlying the user interface
and a chapter that gives some methodological support in initializing the PEDA model for a new country.




2 A substantive description of the PEDA model

2.1 Theoretical foundations and the structure of PEDA

2.1.1 The theoretical inspiration for PEDA

A theoretical construction, often labeled the “vicious circle model,” has recently become a very influential
paradigm in the discussion around population, poverty, food security and sustainable development. It
essentially assumes that high ferriliry, poverry, low education and status of women are bound up in a web of
interactions with environmental degradation and declining food production in such a way that stress from one
of the soutces can trap certain rural societies, especially those living in marginal arcas, into a vicious circle of
increasingly destructive responses. One possible illustration of this assumed mechanism is the parable of the
firewood (Nerlove 1991). In many countries the collection of firewood takes a lot of time, and more children
can help to collect more firewood. But this leads to less firewood near the villages, increasing degradation of
the natural resource and the desire for more children to go help collecting firewood from greater distances,
also depriving the children of educational opportunities. Dasgupta (1993) presents this argument in a more
generalized form.

The condition of poverty and illiteracy of the households concerned prevents substitution of alternative fuel
sources or alternative livelihoods. A gender dimension is added through the fact that the low status of women
. and girls worsen because of the increasing amount of time and effort that they must devote to daily fuel wood
gathering (Agarwal 1994; Sen 1994). The education of girls is blocked because girls are kept at home to help
their mothers. ‘The result is faster population growth, further degradation of the renewable resource base,
increasing food insecurity, stagnating education levels, and yet a further erosion of women’s status.

From a theoretical point of view this vicious circle model is a useful contribution towards a more general
framework in causally linking ferrility, poverty, low female status and environmental degradation. It is
also attractive because it explicitly addresses equity concerns. Its multi-dimensional structure helps to view
different possible interventions in reproductive health, education, environmental conservation and agricultural
efficiency in a unifying context rather than in isolation from each other. Each of the interventions may, under
certain conditions contribute to breaking the vicious circle, but a comprehensive strategy viewing all these
aspects together and recognizing their interdependencies is likely ro be more successful (O’Neill ez 4/, 2000).

In terms of its empirical relevance, the vicious circle assumption is more controversial. Because the economic
reasoning of this model largely operates at the household level, empirical studies on the issue have been mostly
confined to that level and reached mixed results. At the macro level of different population segments this model
could potentially be very relevant —particularly in the African context-- although some of the assumptions of
the stricter version of this model are empirically unconfirmed and controversial. Especially the assumption
that environmental degradation may actually lead to increases in fertility is difficulc to be defended at a time
when fertility rates are rapidly falling all over Africa within a context of degrading environmental resources.

This does not necessarily imply that the assumed effects are entirely absent, but it seems to imply thar if
they operate, the powerful and dominating processes of the demographic transition overlay them. Hence, it




may be reasonable to alternatively assume that food insecurity is associated with a slower decline in fertility,
although under certain conditions and in the short run famines may well induce declining fertility. Whatever
the position on this issue, the PEDA model as outlined below is general enough to represent alternative
assumptions through alternative parameter choices and scenarios.

2.1.2 The structure of the PEDA model

As illustrated in Figure 2-1, the PEDA model consists of three sub modules or segments: a population
module, a natural resources module (fand and water) and an agricultural production module. Although not
immediately visible to the user of PEDA, the model contains an additional food distribution segment that
accounts for the inequality in the access to food.

Figure 2-1: The structure of the PEDA model

Food
distribution &
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Investments,
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The vicious circle in PEDA operates through the negarive impact of a fast growing (food insecure) population
on the natural resources stock, which in its turn decreases agricultural production and that again induces more
food insecurity. This negative chain of interactions is, however, not part of the model structure itself, As it
will be highlighted in section 2.1.3, the user can easily change the assumptions of the relationships between
population growth, the natural resoutces stock and agricultural production.

In the population segment of PEDA, multi-state population projections are carried out to determine the size
of the population by urban-rural place of residence, literacy status and food security status.

The food production and availability in PEDA is influenced by a set of endogenous and exogenous variables.
An important resource for agticultural production is land. In the model it is treated in index form combining
the quantity and quality of land. Although the user can omit this effect, the model by default assumes a




negative impact of population growth on natural resources. The size and qualification level of the labour force,
the availabilicy of water, and efforts in irrigation and ferrilizer and machinery use further influence agricultural
production.

‘The contribution of water to agricultural outputs is dependent on climatic conditions bur also on the status of
the land degradation and efforts in irrigation and water management (building of reservoirs).

In addition to the produced food, the model allows to account for post-harvest losses and for food imports
and exports to estimate the net food availability. In the last step the available food is distributed over the
population following a non-lincar food distribution function to determine the proportion of the population
that is food insecure.

Recently, an HIV/AIDS component has been added to PEDA to account for its demographic impact through
excess mortality and for its negative impact on agricultural production through the reduction of the labour
force because of HIV/AIDS related illnesses.

The different segments in the PEDA model touched upon briefly above are treated more in detail in the
sections 2.2 through 2.7.

2.1.3 Vicious versus virtuous circle dynamics

Although the PEDA model is flexible with regard to the underlying theoretical assumptions, by default it is set
to be compliant with the main principles of the vicious circle at the macro-level described carlier; i.c. that the
growth of the (illiterate and food insecure) population in rural areas contributes to the degradation of land,
thus lowering agricultural production and furcher increasing the number of food insecure. If not broken, this
vicious circle would lead to ever increasing land degradation and increases in the food-insecure population.

The model does not assume increasing fertility as an automatic response to food insecurity, which is the most
problematic part of some vicious circle models. Rather, the food secure and food insecure fractions of the
population are assumed to have different fertility levels (subject to exogenously defined trends) and hence, the
aggregate fertility level only responds to changes in the food insecurity through the changing weights of the
groups in the calculation of the overall fertility.

The vicious circle can be broken through several possible interventions in the field of food production, food
distribution, education, environmental protection and population dynamics and thus also allowing for more
Boserupian visions on the nexus of population, the environment and agricultural production. The power of
the PEDA model is that these assumed positive or negative interactions are all part of the scenarios that can
be set by the user and not hard-wired in the model.

There are several ways to carry out optimistic projections. This can, for example, be done by defining scenarios
that assume:

e No negative (or even a positive) effect of increasing population densities on natural resources;
o Increasing technological inputs in agriculture (e.g. fertilizer, machinery or irrigation);
* . Increased net food imports;




A greater equaliry in the food distribution;

Increased efforts towards human development through betrer access to education, health care, etc;
A better natural resource base management in densely populated areas; and

A lower fertility level for the food-insecure segments of the population.

2.2 The population segment

PEDA is different from most macroeconomic models in that it uses a population-based approach. The
popularion-based approach views human beings with their specific characteristics (such as age, sex, education,
health, food security status, place of tesidence, etc.) as agents of social, economic, cultural and environmental
change. But the population is also at risk of suffering from repercussions of these changes and of benefiting
from positive implications.

In chis sense, human beings are seen as a driving force of these changes and the first to be affected by the
outcomes and consequences of these changes. Economics, if it comes into the picture, e.g., through the
importance of markets in distributing goods, plays only an intermediate role and economic indicators are not
seen as an end in itself or the primary objective of the modeling exercise. In this sense, the population-based
approach chosen here differs from much of the development-economics literature.

The population-based approach does not assume that population growth or other demographic changes are
necessarily the most important factors in shaping our future. Instead, the phenomena that we want to model
are studied in terms of different charactetistics that can be directly attached to, and (at least theoretically)
measured with individual members of the population. Characteristics such as age, sex, literacy, place of
residence and even nutritional status can be assessed at the individual level, The sum over these individual
characteristics makes up the distribution of the total population. In using these individual characteristics,
PEDA distinguishes itself from models that rely on other frequently used economic indicators such as the GNP
per capita. Although the GNP per capita is indicative of the average amount of money that an individual has
in his/her pocket, it cannot be directly measured at the individual level. It results from aggregated indicators
of national accounting with vatious conceptual and measurement problems.

Although many of the powerful quantitative economic tools (such as general equilibrium models) cannot be
applied due to this choice of approach, other very powerful but less well known tools of demographic analysis
and projection can be applied. The tools of multi-state population analysis allow for the projection of the
population by several characteristics (such as age, sex, education and place of residence) at the same time.
Multi-state projections group all individuals of a given population into different sub-populations which are
then simultaneously projected into the future, while at each time interval, people can also move from one sub-
population to another {e.g., from rural to urban or illiterate to literate for each sex and age group).




Figure 2-2: The population segment
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In PEDA, the population of a country under consideration is broken down into cight sub-groups according
to urban/rural place of residence, educational and food security status (Figure 2-2). Place of residence and
food security status are core elements of the vicious circle reasoning as mentioned earlier. Education, or more
precisely literacy status, has been introduced into the model as one of the assumed key sources of population
heterogeneity, which is related to both agricultural production and land degradation. Significant educational
fertility differentials give the explicit consideration of education in the model a strong rationale, but education
has many other important effects. There is abundant literature on the significance of literacy in population-
development-environment interactions (e.g. Lutz, ed., 1994). The potential of explicitly including education
as a demographic dimension in multi-state population projection models has recently been evaluated, and is
strongly recommended in the case of educationat fertility and productivity (see Lutz, et al. 1999).

Each of these eight sub-groups is further subdivided by age (in single-year age groups) and sex, i.e., every one
of the cight groups has its own age pyramid. During each one-year simulation step, a person wilt move up the
age pyramid by one year within the same sub-group, or move to another sub-group while aging by one year (or
die). It is also possible for some people to make multiple transitions within one time step, e.g. from rural/food
insecure/illiterate to urban/food securefilliterate.




Arrows in figure 2-2 show the movements that are possible between groups. For education and rural/urban
migration, the model is hierarchical, i.e., people can only move in one direction, from lower to higher education
and from rural areas to urban areas. Movement berween food security states can happen in both directions,
depending on the food conditions in the relevant year and the food distribution function.

This PEDA population module is in itself a useful piece of software for multi-state population projections.
As part of the initialization process, the user can set for each of the eight states, age and sex-specific fertility,
mertality and educational transition rates. As scenario variables, dynamic future paths can be defined for
fertility and mortality. 'The model automatically adjusts age-specific fertility and mortality parterns according
to the levels of the total fertility rate and life expectancy chosen for each year.

The methods of multi-stare population projections are well described in the literature {e.g. Rogers, 1975;
Keyfitz, 1979 and Scherbov & Grechucha, 1988). Here it is sufficient to mention that the mult-state
population projection model is a generalization of the one-dimensional cohort-component model of
population projections that takes into account transitions that occur between different states.

Education and rural-urban migration are defined in terms of the proportion of male and female cohorts
thar will become [iterate and move from rural to urban areas. While education is concentrated in childhood,
rural-urban migration tends to follow a typical pattern with highest migration intensities in young adulthood.
For this a standard internal migration schedule has been applied (Rogers and Castro, 1981). In the current
version of the PEDA model, both education and internal migration are treated statically. That is, the user
can set a specific transition rate and that remains constant throughout the projection period. With respect to
education, the model allows for sex and age specific educational transition rates.

Generally, before specific scenarios can be calibrated for a chosen country application, this country first
needs to be initialized in terms of setting all empirical data for the starting conditions. This initialization is
a significant task to be done outside the PEDA application environment, and requires more demographic
skills than the use of the initialized model. More information on the initialization procedures can be found _
in chapter 5.

Due to the great challenge that the HIV/AIDS pandemic poses to many African countries, the most recent
version of PEDA also explicitly deals with this issue. The user can exogenously define assumed future paths in
HIV/AIDS morbidity and their impacts on the course of life expectancy for each of the population groups.
This procedure considers the fact that the age pattern of mortality is very different for countries with high HIV
prevalence. In addition to this direct impact of AIDS on the population segment through excess mortality,
AIDS morbidity also affects agricultural production through a reduction of the rural labour force as is outlined
in section 2.7,

2.3 Land

Land (arable land and pasture) is a key environmental resource for agricultural production in a given climate
zone. It can be positively and negatively influenced by human activity.




Like many of the variables that affect agricultural production, land is treated as an index variable set to 1.0
in the starting year. This value must be seen as describing both the quantity and quality of land. Since the
dynamics described below apply to both interpretations, it is not necessary to distinguish berween the two
aspects at this stage. In many applications one will have to deal with combinations of both aspects (e.g.,
erosion affecting both the quantity of the total arable land and the quality of the remaining land).

The user should, however, be aware that an imaginary constant value for the land index throughout the
projection period may be interpreted in different ways: on the one hand, it could mean that the land under
cultivation has been extended while the overall quatity of the land has diminished; on the other hand, it could
mean that the arez under cultivation remained the same while there has not been any reduction in the quality
of the land because of proper land management.

In a more general manner, one can label the land variable as ‘the natural resources stock’. The change in the
stock of natural resources R(?) is the tesult of a combination of indigenous growth or regeneration g(R(#)) and
a reduction through population induced environmental degradation (D(2)):

R(1) = g(R(1) —D(1)
Whereby R(t) for the initial year is equal to 1 and indigenous growth or regeneration is defined as:
g(R(t) =a(R—R(1)

Herein, parameter a reflects the speed at which the resources recover'. However, it is assumed that the pace

of resource recovery diminishes as the saturation level (R ) is approached. The saturation level stands for the
stationary solution of R if the resources are not degraded. The saturation level has to be chosen in accordance with
the specific conditions in the country of application and remains constant over the whole projection period.

‘The degradation (D{t)) of the resource stock depends on the stock of available resources and on the increase in
the rural illiterate food insecure population as well as on changes in the overall population density.

As mentioned earlier, the mode! allows the user to assume that it is especially the rural illiterate food insecure
segment of the population that depletes natural resources in their quest for survival. The growth of this
subgroup thus leads to the degradation of resources. As this is often used as an assumption in natural resources
modeling, this impact diminishes as the stock of resources decreases. In mathematical form this is given by:

R(t)

B0 o

1 TIfwe consider the area under cultivation, the term & { R -R(%)) stands for new cultivared land, where the cultivation is performed with
constant intensity independent of any economic or social forces. Bilshorrow notes thar the increase in demand due to population
growth “can be met by an increase in the land under agricultural use or an increase in the intensity of use of existing land or an
increase in both (...) The greater the land resources available and potentially arable, the more likely is extensification instead of
intensification.” (Bilsbotrow, R.E., 1992}




Whereby P, (1) stands for the relative change in the number rural-illiterate-food insecure population compared
to the starting conditions. 1 is a constant factor that has default value of 1, but can be adjusted by an advanced
user of the model if there is good reason to assume a different pattern of diminishing impact.

The scale of environmental degradation is also a function of the change in the overall population density.
Mathematically, this is expressed as:

P(f)

R

Whereby P(t) stands for the relative change in the total population compared to the initial year. The
denominator reflects the upper limit of the natural resource stock and has a constant value that is country
specific and reflects the relative status of the resource stock in the year for which the initial data are prepared.

The complete mathemarical expression for environmental degradation is thus:

D)=y 2D p (R

R R(t)+n

The only parameter not yet described i this function is y. This parameter is called the land degradation
impact factor in PEDA and influences the intensity of the effects described above. The value of ¥ can be
adjusted in the PEDA user interface. Although the value of 7 is subject to country specific conditions, by
default it is set to equal 0.02. Setting the value of ¥ to 0.00 implies thar there is no assumed negative effect of
increasing population densities on the narural resources stock. For experimental purposes, the user could also
set a negative value for Y, meaning that increasing population densities have a positive effect on the natural

resources stock, but in thar case the natural resources uppet limic { R ) may be easily exceeded.

The expression of land degradation used here implies that if resources are completely degraded (i.e. R ()=0),
the value of D (t) will be automatically zero as there is nothing to be depleted. Similarly, if the stock of rural
illiterate food insecure population is zero, environmental degradation will be zero as well.

In each year, the adjusted index value of current land enters the agricultural production function with the
elasticity described below (see section 2.5).

In Table 2-1, we have summarized the different parameters of the land module and their default values. For
advocacy purposes, the user could work with these values. For in depth country applications, however, the
user should seriously reconsider the values of these parameters. Preferably, they should be determined on the
basis of empirical evidence.

Of these parameters, only the land degradation parameter (}) can be changed from within the user interface.
If considered necessary, the other parameters can be manipulated from the Excel spreadsheets underlying the
user interface and saved as part of the scenarios (see section 4.3 for instructions on how to change information

in the Excel spreadsheets).




Table 2-1: The parameters of the land module and their default values

ngcrlrigatar” | Description - _ befau_lt value
Land recovery Determines the speed at which the natural resources recover. This 0.0175
parameter, 9 parameter also captures the clearing of new land for cultivation. .
Land degradation Reflacts the assumed negative impact of population growth on 0.02

impact factor, Dfz) the natural resources stock. The higher D) the higher wil! be the

. degradation of the natural resources (D). The value can be adjusted
from the PEDA user interface and remains constant over the projection
period.,
Natural resources A measure of the saturation level of the natural resources illustrating 1.60
the stationary selution of the natural resources if they are not
degraded. This value has to be determined during the initialization
process, reflecting the difference between the natural resources stock
{R (t)) and the natural resources upper limit in the initial year. By default
it has value 1.5, meaning that the actual natural resources stock is
delivering a productivity of 2/3 of its potential.
Natural resources This parameter regularizes the behavior of the function. It has a 4.00
diminishing impact | constant value of 4.00 by default but can be cautiously changed by
the advanced user. Combined with R (t) in the denominator of the

upper limit, R

factor, expression, it reduces the degradation of the natural resourcas (D) if it
is higher than 1 and vice versa.
Natural resources This is the output variable of the land module. it is treated as an index 1.00
stock, or the current | variable having value 1, which reflects the conditions in the initial year
land stock R {t) and describing the quantity and quality of the land under cultivation.

2.4 Woater

Water is a key resource for life and human development. Fresh water is a renewable resource that is unevenly
spread over the planet. The development of any civilization is closely associated with the management of
water, be it in the distribution of scarce water or the management of regular floods. To human life, water is
directly necessary for drinking and more indirectly for producing food. Water is also an important factor of
personal hygiene and health and a necessary input to many industrial processes in modern society. For its
key role in food security and sustainable human development, water deserves particular attention in models
dealing with the nexus issues such as PEDA. '

In the PEDA model, water is treated in a separate module wich an eventual muldiplier effect on agricultural
outputs. In its current form, the water module contains two externally defined scenario variables (water and
irrigation) that can be changed dynamically and two user-defined parameters: the reservoir capacity effect
(RCE) and a parameter specifying the impact of land degradation on water availability (subsequently labeled
as the water impact factor, WIF).

The value of the latter two parameters should ideally be determined during the process of initialization
although an advanced user can still define different values as part of the scenario settings. The water segment
in PEDA also relies on the input from other variables in the model such as the quantity and quality of land
and calculates a number of intermediare variables. This input is completely endogenously determined and
cannot be manipulated by the user.




Figure 2-3:The water module
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'The water module essentially has two parts, one referring to rain fed agriculture and the other to irrigated
agriculture. The scenario variable water, W (t), is relevant for both segments and covers the general climatic
conditions in year t particularly with tespect to rainfall and evapo-transpiration. It therefore can be used
to simulate both short-term or cydlical droughts and longer-term climate change. Unlike most of the other
scenario variahles, water will not be set to 1.0 in the starting year, but its initial value will be defined in terms
of its position on a nonlinear curve that describes the relationship between water availability and agricultural
production (Figure 2-4). This definition of the initial value depends on the specific climate conditions of the
country in the initial year and is to be part of the initialization procedure.

2.4.1 Rain- fed agriculture

For calculating the impact of the scenatio vatiable ‘water’ on rain-fed agriculture, a nonlinear transformation
into a water multiplier (WM (t)) is introduced because an increase of one unit of water does not always have
an equal impact on agricultural production. The assumed relationship that is derived from the hydrological
and agricultural literature is presented in stylized form in Figure 2-4. The specific shape of this non-linear
relationship greatly depends on local conditions and the kind of crops and/or livestock under consideration.
For in-depth applications of PEDA, the definition of this curve requires serious attention. In the current
version of PEDA a hypothetical curve has been assumed. Its general features are that in case of serious droughe
nothing can grow, but after this point small increases in water availability can produce great returns. With
further increases in water availability the curve flactens to evenrually reach a saturation level, starting from




which more water will adversely affect agticultural outputs. Beyond this point, flooding starts to be harmful
to production and may ultimately destroy all production.

The assumed non-linear relationship of water on agricultural outputs, however, only holds if other relevant
determinants of soil moisture remain constant over time. Unfortunately, land degradation and land erosion
tend to increase the runoff of rainwater and therefore decrease the moisture that will be stored in the soil thus
negatively affecting agricultural productivity. Since land degradation is explicitly modeled in other parts of
PEDA, the impact of land degradation can be directly taken into account. To do this in quantirtative terms,
another user defined input parameter has been introduced, i.e. the water impact factor of land degradation or
short WIE. WIF is defined in the form of an elasticity applied to current land (defined as R (t) in the previous
section). This results in an effective water multiplier (EWM) for rain fed agriculture:

EWM (t) = WM (t)*R(e)™*

“Values bigger than 1.0 for WIE increase the effect of the status of the land or resources in the calculation of
the effective water multiplier; values smaller than 1.0 decrease its elasticity.

Figure 2-4: The water saturation curve for rain fed agriculture
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2.4.2 Irrigated agriculture

For irrigated agriculture the dynamics in which water availability and irrigation efforts have a joint effect
on agricultural outputs are even more complex. The functional relationships defined here are a greac
simplification but should still be able o capture the most important dynamics. The formula given below
creates an intermediate variable, effective irrigation (EIR), which enters the agricultural production function
as a multiplier. To determine the value of EIR, PEDA makes a distinction between the situation where warter
availability is already at or above the saturation level of 1.0 and when it is still below (see Figure 2-4). If the
water supply is above the saturation level, efforts in irrigation do not make any difference in agricultural
production. If, on the other hand, the water supply is below the saturation level, the positive effect of irrigation




efforts further depends on the level of the water supply, and the reservoir capacity effect. The reservoir capacity
parameter stands for the potential to stock water for later use in irrigated agriculture.

In the mathematical expression, W (t) stands for the value of the scenario variable water at time t and IR (t) for
the value of the irrigation variable. Frt is the elasticity of fertilizer in the production funcrion thar is applied to
irrigation as wefl because of the lack of better data on the effect of itrigation on agricultural production.

LifWiy 21
ER@ =1 5 CE* R W)

Lif Wi < 1
R (0) W(0)

'The second line of the above formula may require some explanation since it is an approximation of several
more complex mechanisms. The main reasoning is that even under high irrigation efforts, there needs to be
water available in order to have any effect and that even high reservoir capacity does not help if it does not
rain for a long time. Ideally, this would require the calculation of cumulative water storage effects over time.
A simple approximation is obtained through the multiplication with a ratio of current water over initial warter
in case that current water availability is still below saturation level. This also implies that if there are no extra
irrigation efforts but simply more water, it also generates positive recurns in terms of agricultural outputs. This
can be interpreted as an additional direct effect of water on production that is weighted by improvements in
irrigation and reservoir capacity.

Both effective irrigation (EIR (t)) and the effective water multiplier (EWM (1)) are then added to the
agricultural production function as additional multipliers. It is worth noting that in this setup, the two water-
related variables and current land enter the agricultural production function rwice but in two different forms
and after transformations as outlined above. The water variable enters both through rain fed and irrigated
agriculture as discussed. Land degradation as captured by current land enters as a regular production factor
with a given elasticity (as described in the next section) and through the impact of land degradation on
increasing runoff and therefore decreasing soil moisture. Depending on the other settings of the model and
the specific parameter choice, this indirect effect of land degradation through declining soil moisture may be
even more relevanc than the direct effect through the production function.

In Table 2-2, we have summarized the different variables and parameters of the water module, and their
default values. For advocacy purposes, the user could work with these default values. For in depth country
applications, however, the user should seriously reconsider the values of these variables and parameters. The
list summarized in Table 2-2 contains dynamic scenario variables, intermediate variables and parameters, ‘The
value of the scenario variables can be changed for each year in the projection period from within the user
interface. ‘The intermediare variables exist for calculation purposes only and cannot be manipulated by the
user. The value of the other (static} parameters can be manipulated from the Excel spreadsheets underlying
the user interface and be saved as part of the scenarios (see section 4.3 for instructions on how to change
information in the Excel spreadsheets).




Table 2-2:The parameters and variables of the water module and their default

values
Indicator Description Default Value
Water, W (t) Scenario variable. Reflects the change in weather/climate 0.7
conditions. This variable has an impact on both rain fed and
irrigated agriculture.
Irrigation, IR{t) Scenario variable. Stands for relative changes in irrigation efforts. 1.0
Set by default as 1.0 for the starling year. This value enters
a function to determine the impact of irrigation on agricultural
outpuls.
Water multiplier, Wi Endogenously determined and intermediate variable. Itis the
output of the non-linear transformation of the water scenario
variable (W ()} through the water saturation curve (see
Figure 2-4}. The underlying logic is that an increase or decrease
of one unit water does not always have an equal impact on
agricultural production.
Waler impact factor of A measure of the impact of land degradation on water availability. 1.0
land degradation on rain | The value is predefined as 1.0, but can be changed by the
fed agriculture, WIF advanced user. Values bigger than 1.0 increase the elaslicity of
land degradation, values smalier than 1.0 decrease the effect of
lang degradation (on rain fed agriculture).
Effective water multiplier | An intermediate variable that represents the effect of water
for rain fed agriculture, availability on rain fed agriculture. It enters the agricuitural
EWM (1) production function as a multiplier.
Reservoir capacity Stands for the capacity to stock water for later use in irrigated 1.0

effect, RCE

agriculture. This is a static model parameter can be changed
from the Excel spreadshests.

Effective irrigation,
EIR(t)

An intermediate variable that represents the effect of irrigation on

-agricultural outputs (see section 2.4.2). It enters the agricultural

production function as a multiplier.

2.5 Agricultural production segment

The rtotal agricultural production in one year, measured in total calories produced (in index form), is
calculated in PEDA through a Cobb-Douglas type agricultural production function. Many agricultural
production functions exist, but most of them do not consider the labor force and the skills of the labor force
as a production factor. In stead, they largely focus on physical and financial inputs. The chosen production
function is a notable exception. Based on pooled data scts of time series for most countries of the world,
Hayami and Ruttan (1971) estimated a large number of Cobb-Douglas type production functions with
different combinations of input factors for different groups of countries.

The equation that seemed most appropriate for PEDA Africa is the Principal Components Regression for
developing countries including educational variables. These estimated elasticities are given as default values in
PEDA. Should the user have more recent estimates or ones that are more appropriate for the country under
consideration, the elasticities should be changed accordingly.




The total production is a result of the inputs in terms of the human labor force by educational level, land and
technological investments in fertilizer use mechanization, etc. In PEDA, the other segments in the model
endogenously determine some of these inputs and others are treated in terms of externally defined scenario
variables because these factors are not assumed to depend directly on other variables of the PEDA model

(Table 2-3),

The population by age and sex in the eight defined categories affects total agricultural production in two
different ways. First, the population projections produce an estimate of the size of the rural labour force.
Their productivity is affected by the proportion of literates within that category (endogenously determined)
in addition to their technical training (externally defined scenario variable). The values for all these variables
directly enter the agricultural production function as discussed below.

The other chain of causarion is a reflection of the vicious cycle reasoning;: the factor land is degraded as a
function of the relative change in the rural illiterate food insccure segment of the population and of the
population density in general as has been discussed above. Other main factors influencing the agricultural
output of a country such as mechanization and fertilizer use need to be specified in externally defined scenario
variables. If, however, a user wants to make for example the rate of technological investments in agriculture
dependent on population growth in either a positive or negative way, it is not difficult to define corresponding
scenarios and study the alternative results. As discussed in section 2.4, water is treated in a separate module
with an eventual multiplier effect on the total agricultural outpurs.




Table 2-3:The elasticities and the specific variable definitions in agricultural
production function as taken from Hayami and Ruttan (1971, p. 145,Q 19):

Variable Description Default elasticities |
Labour force, LF(t) Total rural adult p.o'pulation aged 15-60, calculated from | os34
combining the appropriate age groups in all four rural sub-
groups
Total agricultural land, R {t} | Endogenously determined by the land segment 0.088
Fertilizer use, FERT () Exogenous scenario variable 0.162 :
Mechanization, MECH (t} Exogenous scenario variable. In the original production 0.072

function of Hayami and Ruttan, this variable stood for the
use of tractors; in the PEDA model it is considered to cover
mechanization in general.

Literacy of the labour force, | Specified as the proportion literate of the total rural population 0.276
LITLF () aged 10-45, (both male and female). The value is determined
endogenously by combining both the food-secure and the
food-insecure rural literate sub-populations.

Technical education , TE(t) | In addition to literacy, this variable represents the technical 0.158
education of the labour force. In the current version this
variable is still treated as an exogenous scenario variable.
In a later stage it may be related to the educationa! efforis
parameter.

All these inputs to agticultural production are considered on a relative scale, i.e., their values are set to 1.0 in
the starting year and change over time as a result of effects emanating from the other segments in the model
or as defined in the scenario settings for the exogenous variables. If, for example, we assumed an increase in
fertilizer use of 20 percent by 2005, this would mean that the value of that variable is set to increase 1o 1.2
by that year.

ProdIndex = LF(t)%5 * R(2)*% * FERT(t)*'< * MECH (1) *
LITLF ()6 * TE(1f1* * EIR() * EWM(?)

In sum, total agricultural production in terms of total calories produced is calculated in the following
multiplicative manner, in which the last two factors are water multipliers that have been discussed earlier:

Although the variables of the agricultural production function and their elasticities are by default distributed
with the model and applicable to all countries, a thorough initialization of the model for a particular country
should include estimating new elasticities or even consider the inclusion of other variables. Much will depend
on the mix of crops under production and the share of livestock in the total outpus.




2.6 Food availability and distribution

2.6.1 Food availability

Not all food that is produced in a country will be consumed by its citizens. A fraction will be lost during the
harvest, transportation, storage and processing and a part of it may be intended for use as seeds in the next
cropping season or for export. On the other hand, imports may complement the food that is produced locally.
Mathematically, the net food available (FA) can be expressed in the following manner:

FA = FP *(L- LT} + imports *FIE,

Tn this expression, the net food production is equal to the gross production (FP) times the proportion that
remains after the deduction of the post-harvest losses and scedlings (LT). The post-harvest losses are expressed
as a proportion of the total production and can be manipulated in a dynamic scenario variable.

The net food imports are added to the net food production to obtain the net food availability. For the initial
year of the projection period, absolute values of the net food production and the net food imports have to be
specified by the user in terms of daily Kcal per capita. This is usually done as part of the initialization process.
FIE is 2 dynamic scenario variable that has the default value of 1 for the inirial year and that allows the user to
account for fluctuations in the volume of imports.

2.6.2 Food distribution

Afier the correction for post-harvest losses and net imports, the estimated amount of available food is distributed
over the population in two steps. First, an ‘urban bias factor’ (external scenario variable) determines which
fraction of the available food is consumed by the rural and urban population respectively. As wich the other
scenario variables this is done on a relative scale, with 1.0 reflecting a condition of equality between rural
and urban areas in the access to food. A value of 1.1 means that urban areas get 10% more than they would
have been attributed if food had been distributed proporrionally to the size of the population living in urban
areas,

In addition to the urban bias factor, the PEDA model also accounts for the inequality in the access to food
within urban and rural areas. The distribution of food is often unequal because some persons simply have
more purchasing power than others or have privileged access to food by other means. This will result in
the fact that some people remain food insecure even when the average total amount of food reaching the
population is theoretically sufficient to provide the necessary minimum diet for everybody. As the access o
food is usually more unequal in urban than in rural areas, PEDA works with two food distribution functions,
one for rural and one for urban areas.

There is abundant theoretical and empirical evidence indicating that the inequality in the food distribution
is at least as important as the total production of food in explaining food insecurity. Especially the wark
of Amarrya Sen (1994) demonstrated that some of the worst famines occurred under conditions in which
there would have been enough food for everybody, if the distribution had been appropriate. For this reason




it is evident that 2 model focusing on food security without paying attention to the distributional aspects
would be incomplete, if not misleading. ‘The main problem with considering such distributions, however,
lies in the fact that hardly any empirical data exist on distributive mechanisms in African countries of today,
and chat theoretical distributions are hardly appropriate because conditions tend to vary significantly from
one country to another. PEDA opts for another solution to approximate the inequality in the access to food
through household income distribution functions that exist for a number of African countries on the basis
of houschold expenditure surveys'. Hence, PEDA relies on the assumption thar the inequality in the access
to food follows a similar distribution to the inequality in the access to income in respectively urban and rural
areas.

In each one-year step of the projections, food is allocated to rural and urban areas following the urban bias
factor and within each of these areas the food distribution function determines the new sizes of the food secure
and insecure sub-populations. Figure 2-5 gives an example of such a food distribution function. It is a Lorenz
Curve with the cumulated proportion of the population on one axis and the cumulated calorics available for
distribution on the other. The available food is then distributed from right to left along the curve. In an ideal
situation, food should be distributed equally among each individual and the Lorenz curve would coincide
with a straight line, i.e. 45°-diagonal.

It means thar the slope of the curve is equal to 1.0 and everyone in the economy will have access to the mean
available calories; i.e. it describes a situation of perfect equality. However, because in the real world food is not
equally distribuced, it would be realistic to assume that a curve will be plotted above or below the straight line.
The convexity of the curve therefore measures the degree of inequality.

The given curve in Figure 2-5 indicates that in this case, the first (most privileged) 10 per cent of the population
consume 30 per cent of the available food. Going further down the curve, about 23 per cent of the population
consumes half of the food, and half of the population uses 75 percent of the food. The borderline between the
food-secure and the food-insecure population is then established by applying an externally defined minimum
calorie requirement per person. The iterations are carried out in steps of 1 percent of the population. Ar the
point where the food allocation of the percentile falls below the minimum food requirement specified, the
borderline for the population considered to be food insecure is established. In this example, the least privileged
34 per cent of the population has access to only 15 per cent of the food.

As this fraction of the remaining food is considered to be insufficient to fulil the necessary minimum daily
food intake (on the basis of a threshold level set by the user in a scenario patameter, not shown in the
illustration), 34 per cent of the population is considered food insecure. Over time the proportions food
insecure may change as a consequence of changes in the population size and food availability, or, possible
changes in the assumed food distribution function. In the current version of the PEDA model, however, the
food distribution function is assumed to remain constant over the whole projection period. Defining the food
distribution functions for rural and urban areas is part of process of initializing the model for a new country.
The food distribution functions cannot be scored as part of the scenarios; each new definition of the food
distribution functions would result in a new initialization.

I World Bank African Development Indicarors 1998/99. Section 15




Figure 2-5:The food distribution function
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2.7 HIV/AIDS in PEDA

As a model demonstrating the interactions between population, education, environment and food security,
PEDA has not been designed to explicitly cover the possible sustainable development and food security
consequences of HIV/AIDS. However, since the pandemic has become such a challenge for many African
countries and because it is not meaningful to talk about the future development path without explicitly
considering HIV/AIDS, this section will discuss the way in which HIV/AIDS is incorporated in PEDA. As
there is still relatively little empirical knowledge on the trends of the pandemic and especially not on its effect
on the different sectors of the economy, the model is necessarily expetimental in its conception and treatment

of HIV/AIDS.

The most obvious impact of HIV/AIDS on the nexus is through excess mortality and thus indirectly through a
reduction of the labour force. As the age pattern of AIDS mortality differs from the one observed in a population
without AIDS, it was opted to include that effect via a user specified scenario variable. In that scenario variable
the user needs to specify AIDS related morbidity rates, which is similar to prevalence information bur with
lower values than the widely available HIV prevalence rates (cft. infra). The morbidity rates are translared into
age specific mortality rates, which are added to the age specific mortality pattern of each of the eight different
subgroups in the population. The additional age specific mortality pattern due to AIDS has been estimated
on the basis of a simulation model for Botswana, This age-pattern of AIDS mortality has a typical shape with
very high rates in the early adulthood, and due to vertical transmission also in early childhood. The specified
age specific excess mortality due to AIDS is then scaled up or down depending on the morbidity level set by




the user in the HIV/AIDS scenario variable and superimposed to the mortality from other causes. If a user
wants to specify age specific excess mortality on the basis of country specific data, this has to be implemented
during the process of initialization. Figure 2-6 gives an illustration of the age specific mortality rates (m,} for
one of the subgroups in an imaginary population without AIDS and with a 10 and 20% morbidity level. The
figure clearly illustrates the above-mentioned concentration of AIDS related mortality in the early childhood
and young adulthood.

Figure 2-6: Age specific mortality rates (mx) in a population without and with
HIV/AIDS
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The user should also be aware that one cannort account for the demographic impact through manipulation of
this scenario variable alone since it only changes the age pattern of mortality but not the level. A consistent
scenario should include setting lower life expectancies than one would have assumed in the absence of AIDS
and the development of life expectancy over time will have to be set in such a way that it reflects the recent
and anticipated future rend of HIV prevalence and the resulting AIDS mortality (see Table 2-4 for some
guidelines in setting such scenarios) under the assumed absence of efficient medication.




Table 2-4: Reductions in life expectancy under different HIV/AIDS morbidity
levels (as specified in the top row)

Life ex- HIV/AIDS adult morbidity level

pectan- . : :

cies 000 | 002 | 0.04 | 006 | 008 | o0f0 | 012 | 014 | 016 | 048 | 020
w00 a0 382 | 264 | 346 | 328 | 310 | 200 | 287 | 276 | 264 | 253
410 210 | 3941 | 373 | 354 | 336 | 317 | 305 | 293 | 282 | 27.0 | 258
42.0 420 | 404 | 382 | 362 | 343 | 324 | 312 | 300 | 287 | 275 | 263
43.0 430 | 410 | 300 | 371 | 351 | 331 | 319 | 306 | 294 | 281 | 269
44.0 440 | 420 | 309 | 379 | 358 | 338 | 325 | 312 | 300 | 287 | 274
45.0 450 | 420 | 408 | 387 | 366 | 345 | 332 | 319 | 305 | 202 | 279
46.0 260 | 438 | 417 | 395 | 374 | 352 | 338 | 325 | 311 | 208 | 284
470 470 | 448 | 426 | 403 | 381 | 359 | 345 | 331 | 317 | 303 | 289
48.0 450 | 457 | 434 | 412 | 389 | 366 | 352 | 337 | 323 | 308 | 294
49.0 290 | 467 | 443 | 420 | 396 | 373 | 358 | 343 | 329 | 314 | 209
50.0 500 | 476 | 452 | 428 | 404 | 380 | 365 | 350 | 334 | 319 | 304
51.0 510 | 485 | 461 | 436 | 412 | 387 | 371 | 356 | 340 | 325 | 309
52.0 520 | 495 | 46.9 | 444 | 418 | 393 | 377 | 361 | 346 | 330 | 314
53.0 530 | 504 | 47.8 | 452 | 426 | 400 | 384 | 368 | 351 | 335 | 319
54.0 540 | 513 | 487 | 460 | 434 | 407 | 390 | 374 | 357 | 341 | 324
55.0 550 | 523 | 495 | 46.8 | 440 | 413 | 396 | 379 | 362 | 345 | 328
56.0 560 | 532 | 50.4 | 476 | 448 | 420 | 403 | 385 | 368 | 350 | 333
57.0 570 | 541 | 512 | 484 | 455 | 426 | 408 | 391 | 373 | 356 | 338
58.0 580 | 551 | 521 | 492 | 462 | 433 | 415 | 397 | 378 | 360 | 342
59.0 500 | 560 | 530 | 499 | 469 | 439 | 424 | 402 | 384 | 365 | 347
60.0 600 | 560 | 538 | 50.8 | 477 | 446 | 427 | 408 | 383 | 370 | 351
61.0 610 | 578 | 547 | 515 | 484 | 452 | 433 | 413 | 304 | 374 | 355
62.0 620 | 588 | 556 | 523 | 491 | 459 | 439 | 419 | 400 | 380 | 360
63.0 630 | 597 | 56.4 | 531 | 498 | 465 | 445 | 425 | 404 | 384 | 364
64.0 640 | 606 | 572 | 539 | 505 | 471 | 450 | 430 | 409 | 389 | 368
65.0 650 | 616 | 581 | 547 | 512 | 478 | 457 | 436 | 414 | 393 | 372
66.0 660 | 625 | 590 | 554 | 519 | 484 | 462 | 441 | 419 | 398 | 376
67.0 670 | 634 | 508 | 562 | 526 | 490 | 468 | 448 | 425 | 403 | 381
68.0 680 | 643 | 606 | 570 | 533 | 496 | 474 | 452 | 429 | 407 | 385
69.0 600 | 652 | 615 | 577 | 540 | 502 | 47.9 | 456 | 434 | 411 | 388
70.0 700 | 662 | 623 | 585 | 546 | 508 | 485 | 462 | 438 | 415 | 392




When interpreting this table one has to be aware of the fact that the AIDS morbidity rate of the adult
population aged 15-49 for 2 given population tends to be much lower than the frequently cited HIV prevalence
rate based on Sentinel Surveys. Due to the fact that the incubation period (HIV positive without symproms)
tends to be 5-10 years in Africa whereas the symptomatic period before death is much sherter (1-3 years) the
morbidity level tends to be less than a third of the HIV prevalence level. Due to this delay there may be cases
where AIDS morbidity is still low while HIV prevalence is growing rapidly. This dynamism of the discase can
be captured in PEDA through dynamic assumptions of life expectancy.

In the current version of PEDA, the scenario variable wherein the user specifies the AIDS morbidity rates is
applicable to the population as a whole. As of now, different morbidity rates (as implied by different morbidity
rates) cannot be applied to the cight sub groups separately. However, the user can make different assumptions
regarding the expected reduction in the level of life expectancy and thus account for a potential different
impact of HIV/AIDS in rural and urban areas, among literates and illiterares etc.

HIV/AIDS not only induces increased mortality with its impact on the population structure; it also seriously
affects agricultural production through different mechanisms. Most of these effects are not endogenized in
PEDA and need to be dealt with in the form of consistent user-defined scenarios. Similar to many other
possible future developments, such as droughts, climate change, wars, heavy new investmencs in technical
education ot in irrigation, etc., the user of PEDA has to choose the various model parameters and scenario
variables in such a way that chey describe consistent “stories” or scenarios of possible future trends.

If AIDS is assumed to be a major issue in a country, then AIDS mortality and morbidity should be assumed to
reduce the educational enrollment and technical education due to AIDS orphanhood, fewer qualified teachers
(they may die) and AIDS-induced financial and economic constraints. These likely negative consequences
of AIDS on the incomes of affected houscholds may also reduce investments in fertilizer, irrigation and
mechanical inputs in agriculture. The only endogenized feedback from the AIDS morbidity rates, as set by the
user, on agricultural production is the reduction in the productivity of the labour force.

Again, very limited empirical evidence on the issue exists, therefore an experimental solution had to be chosen.
By default the model assumes a linear decline in the productivity of the labour force at a rate of the morbidity
level. Put more simply, people who are sick, i.e. symptomatic with HIV/AIDS are subtracted from the labor
force. The rationale is that the capacity of sick people to work is greatly reduced and that some healthy
people will have to look after their sick relatives instead of working and thus reduce their productivity in
agriculture.

Taken together these different effects may have a drastic impact on agricultural outpurs and the development
of a country, but at the moment, hardly any systematic empirical evidence exists on these issues. Hence,
the assumptions need to be highly speculative at this point. If more empirical information on these effects
becomes available in the future, then PEDA could be expanded into a model that quite comprehensively
captures the impacts of AIDS on human development and food security.

While PEDA explicitly deals with HIV/AIDS, other discases like malaria, tuberculosis, measles are not
accounted for through distinct variables or relationships. The reason is that the latter diseases exist for a longer
time on the continent, and they are already captured in the standard age-sex specific mortality patterns of
African populations. Since the HIV/AIDS pandemic is relatively recent and because it has a very specific




mortality pattern with children and young adults being the most vulnerable, it had to be treated in a special

manner.

If necessary, the user could still capture an explosion of one or the other epidemic, as long as its effects do
not deviate too much from the standard mortality patterns, through the reduction of the assumed future life
expectancies for each of the sub-populations separately.




3 An overview of the user-defined scenario
variables and output variables

As mentioned earlier in this manual, working with PEDA can be done at two different levels. The initialization
of PEDA for a new country requires significant effort by -ideally- an interdisciplinary group of experts. Some
methodological support for initializing PEDA for a new country is given in chapter 5 of this manual, In
addition to the initialization, the need may arise to change some more advanced model parameters that cannot
be manipulated from within the PEDA user interface. Guidelines on how to locate and change information
in the Excel spreadsheets underlying the interface can be found in section 4.3.

Most users of PEDA will, however, work with already initialized countries and possibly pre-defined scenarios.
For them there is no need to go beyond the PEDA user interface. They can focus on a number of model
parameters and scenatio variables that can be set and adjusted in an easily accessible manner. In this chaprter,
an overview is given of the parameters and variables thart can be accessed through the PEDA user interface. In
a later stage the standard output variables are summarized.

3.1 Model parameters and scenario variables

3.1.1 General model settings

These include some of the basic model specifications that are set at the beginning of each simulation. They
are considered constants that cannot be changed over time or across sub-populations. In other words, these
parameters apply to the whole country and throughout the projection period {except the net food production
and the net food imports that apply only to the initial year). Figure 3-1 presents a screenshot of the window
wherein these parameters can be changed. In Table 3-1, a brief description of each of these parameters is given.

Figure 3-1:The general model settings window
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Table 3-1 : Parameter definitions of the general model settings

Parameter name_

Description

Initial yéar

The starting year of the projections. This is the yeéf to which the basefine data apbly.
Although this value could be changed, it is better not to do so as it corresponds 1o the
initial data.

End of projection period

The end of the projection period. All simulations will be run in single year steps up to the
year specified here and all results will be stored up to the end of the specified period.
Although there is no direct limit set to the value of this parameter, prejection periods of
fonger than 50 years will slow down calculations and are subject to increasing uncertainty.

Net food production in
the initial year (in daily
per capita Kcal)

Refers to the net daily per capita amount of food produced in the starting year. Food
production in PEDA is expressed in terms of its energy equivalent or calories. Note that
one has to specify this ‘net’ food production, that is the total production after deduction
of post-harvest losses and a fraction of the production, reserved to be used as seeds in
the next cropping season. From this information and the level of post harvest losses in
the initial year, PEDA automatically estimates the gross food production. Once the gross
production is determined for the initial year, PEDA projects it into subsequent years of
the projection period in single year steps using the agricultural production function (see
section 2.5).

Net food imports in the
initial year (in daily per
capita Kcal)

Refers to the net daily per capita Kcal imports in the starting year. Combined with the net
food production, it results in the net food available for consumption (see section 2.6.1).
Fluctuations in the net food imports during the projection period can be accounted for by
manipulating the scenario variable ‘Food imports and exports’ (see

Table 3-3).

Assumed minimum
consumption in kcal per
capita to be food secure

In the PEDA medel, calorie (energy) requirements are used as a proxy for food
requirements. “The minimum energy requirement is the amount of energy that is required
on average in a population to satisfy the basic physiological needs and the needs for light
activities of adults and the normal energy needs of children and adolescents (including
the extra needs for the growth). Two main factors determine the estimation of the energy
requirement of a population: the distribution by age and sex; and the body weight™* The
value of this variable may thus vary under different national conditions, or the user can set
the value to define different thresholds to evaluate its effect on the model interactions.

Land degradation
impact factor

This variable reflects the assumed negative impact of population growth on the natural
resource stock. See section 2.3, p.14 for more detailed information on the definition of this
parameter.

Proportion of cohort
moving to cities

This variable enabtes the user to set net rural-urban migration rates. A value of 0.2 means
that of every cohort born in rural areas, 20% will move permanently to urban areas over
their lifetime. These movements are distributed over the different ages according to
standard age-specific migration schedules (see section 2.2).

* This definition is taken from the African Nutrition Database Iniciative (ANDI) web site, at hetp://www.africanutrition.net/

3.1.2 Sub-population parameters

‘These variables allow the uset to make assumptions with respect to the future path of fertility (through the
"Total Fertility Rate, TFR), mortality (through life expectancy, e ) and literacy (through educational transition
rates). All these variables are directly related to the population projections segment in the model and can be
specified for the eight different subgroups independently. All these variables are summary measures that, after
adjustment, will influence age specific transition rates as defined during the process of initialization. Both
fertility and mortality are treated dynamically. Educational transition rates are assumed to remain constant
over the whole projection period.




The Total Fertility Rate (I'FR) is the mean number of children a woman would get throughout her reproductive
life (if she survived to age 50 and was exposed to the age-specific fertility rates observed or assumed for  given
year). TFR is treated dynamically in the model, i.e. it can be assumed to change over time. The pattern of
age-specific fertility rates is automatically adjusted accordingly. In addition to the TFR for the starting year,
the user can set two intermediate levels and one final assumed level of fertility to be reached ar the end of the
projection period. If the assumed values are different, the model will calculate a gradual change from the first
to the second value that is lincar over time. The TFR set for the starting year should ideally reflect the situation
in the year for which the data were initialized.

Figure 3-2:The sub-population parameter settings window
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Life expectancy at birth (e ) can be set for men and women separately for each of the eight sub-groups. Just as
fertility, life expectancy is treated dynamically. Note that, although the user may keep the TFR and ¢, constant
for experimental reasons, their aggregated values in the total population may change due o changing weights
of the different subgroups over time (this of course is only valid if different assumptions regarding fertility and
mortality are made for the subgroups in the population).

In addition to fertility and mortality, the user can make assumptions regarding the educational transition rates
{by default to be considered the transition rates from illiterate to literate starus). The educational transition
rates can be set for men and women separately and is treated as a constant over time. The number entered in
the model is the proportion of girls and boys in each birth cohort that will move over their lifetime from the
illiverate to the literate state. In the present form of the model, these transitions are concentrated around age
15 although more advanced users may specify a particular age pattern for che transition from the illiterare to
licerate status. Such an age specific pattern for the transition from illiterate to literate status {as opposed to
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an assumed total proportion to become literate) will influence the other variables in the model only to a very
limited degree.

As mentioned before, educational transition rates assumed by the user, remain constant over the whole
projection period, but a user may assume higher transition rates than those reflecting the conditions in the
initial year and these will then be applied from the first year in the projections and thus adding a dynamic
aspect to the treatment of education. In any case the future educational composition of the population of the
next few decades is mostly a function of past changes in educational enrollment reflected in the educational
distribution by age in the starting year. Since education is concentrated in young age, it will take quite some
time to have changes in enrollment reflected in the working age population. For the sub-groups that are
already educared, no educational transition rates can be set because PEDA doesn't consider movements back
from literare to illiterate.

3.1.3 HIV/AIDS

HIV/AIDS morbidity rates can be set in a user specified scenario variable that adds an age specific mortality
pattern to the mortality schedules for each of the eight subgroups. Just as mortality, HIV/AIDS is treated
dynamically but unlike life expectancy, this special age-specific mortality pattern can be specified only for the
population as 2 whole. Variations in the impact of HIV/AIDS on the different subpopulations can only be
accounted for through setting different life expectancy trends in these subpopulations.

In the HIV/AIDS scenario variable, the user is expected to set an HIV/AIDS related morbidity pattern over
time that is defined in terms of proportions of the young adult population, aged 15-49. A value of 0.02 for
this variable means that 2 per cent of the young adult population is assumed to be sick to an AIDS related
complaint. In any population this proportion tends to be lower than the HIV prevalence ratc because the
period of morbidity tends to be shorter than the incubation period. See also section 2.7 for more details on
setting comptehensive AIDS scenarios.

3.1.4 Parameters for food supply

Most of the (external) factors associated with food production and supply are treated in index form, which
means that their value in the starting year is set to be 1.0 and their levels in all the subsequent years are defined
on a relative scale. This treatment of scenario variables allows using the model even if one does not have
empirical information about the exact quantitative level of each factor since one only has to specify the relative
change as compared to the starting year. The variables considered in PEDA with respect to the food supply are
summarized in the tables below. The first set of variables will enter the agricultural production function (see
Table 3-2); the second set includes variables to account for post-harvest losses, food imports and exports, and
potential differences berween urban and rural areas in the access to food (see Table 3-3).
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Figure 3-3: The parameters for food supply settings window
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The model endogenously determines some of the variables that influence the agricultural production in a
country. Since the user through external scenario variables cannot directly manipularte their values, they are
not elaborated upon here. See section 2.5 for a more complete definition of the agricultural production
function and its components. The scenario vatiables related to the availability of water are -strictly speaking-
not parr of the agricultural production function, but are part of the PEDA-water segment with an eventual
mulriplier effect on agricultural outputs (see section 2.4},




Table 3-2: Variables of the agricultural production function

Variable name Description ' ]

Size of the rural labour force Endogenousiy determined variable

Literacy of the labour force | Endogenously determined variable

Land Endogenously determined variable

Fertilizer Tﬁei amount and productivity of fertilizer used in agriculture. The user needs to set a
value that expresses a relative improvement/worsening with respect to the conditions
in the starting year.

Machinery The amount and productivity of machinery used in agriculture. The vuser needs to
“set a value that expresses a relative improvement/worsening with respect to the
conditions in the starting year. '

Technica! education In,addition to literacy, the user can specify the technical capacity of the rural labour
force for agricultural purposes. As with Fertilizer and machinery use, one needs to
give a value that expresses a relative improvement/worsening of the conditions in a
particular year as compared to the starting year.

Water This covers the change in weather/climate conditions. Its initial value depends on the
climate conditions of the country at the time of initialization. The range of acceptable
values for the waler scenario variable depends very much on the definition of the
water saturation curve. In the current version of PEDA, values for the water scenario
variable can range from 0 to 1.5, with 1 describing a situation of optimal rainfall
conditions for agriculture. Values higher than 1 indicate a surplus of water and have a
negative impact on agricultural outputs.

Irrigation This covers the efforts made in irrigation, including pipelines, pumps, energy etc.
The value of this scenario variable expresses a relative improvement/worsening

of the conditions in a particular year as compared to the conditions in the year of
initialization.

With the exception of the three endogenously determined variables and the water scenario variable, all
variables in Table 3-2 are treated as indexes having a default value of 1 for the initial year. In setting scenario
assumptions, all values greater than 0 are allowed with values greater than 1 reflecting a relative increase in the
inputs as compared to the inirial year.




Table 3-3: Other variables influencing the availability of food

Variable name

Déscri ption

Loss in trahsport and
storage

Individuals will not consume all the food that is produced. Some of the food will be
lost during the harvest; the transport, storage or processing, and some of it will be
used as seeds for the next cropping season. For the initial year, one has to specify
the proportion of the gross production that is not available for consumption for one of
the reasons specified above. For the subsequent years in the projection, the user can
assume changes in the post-harvest losses by manipulating this variable. The range
of possible values for this scenario variable vary between 0 to 1, with 0 describing a
situation where there are no post harvest losses and 1 a situation where none of the
locally produced food is available for consumption.

Although one has to specify the net production in the initial year as part of the
initialization process, PEDA automatically recalculates the gross production. The

latter is the basis for the estimation of the food production in the following years of the
projection period and from which the post-harvest losses are deducted {see Table 3-1 ).
Note that post-harvest losses are only applied to locally produced food and not to net
imports.

Urban bias factor

This variable enables the user to allocate food disproportionally between urban and
rural areas. A value of 1.0 means that the food is distributed proportionally to the size
of the population living in urban and rural areas respectively (a state of ‘No bias’). A
value of 1.1 means that urban areas receive 10% more food than would be allocated
under conditions of equal access. The remaining share of the food is then attributed
to rural areas. By giving a value lower than 1, the user can assume a ‘rural-bias’ in the
access to food.

Food imports and exports
(net trade)

This variable allows the user to take changes in food imports and exports into account.
During the initialization process, one has to specify an absolute value for the net foad
imports (see Table 3-1). The dynamic scenario variable food imports/exports has a
default value of 1 reflecting the conditions in the initial year. By manipulating the value

! of this scenaric variable, the user can make different assumptions regarding the net

imports/exports. A value of 2 for example means that the amount of food imported has
doubled compared to the initial year.

3.2 Output variables

3.2.1 Multiple interfaces to access the output of the projections

PEDA has large numbers of output parameters and variables that can be accessed in different formats and
for different subgroups in the population. For each one-year step in the simulation every age and sex specific
population number for each of the eight different subgroups is stored in a darabase and can be accessed by any user
in a relatively easy manner. The same is also true for most of a wide range of other scenario and output variables. A
description of these databases is given in the following chapter. In addition, the PEDA model contains a number
of integrated and standardized output modules including (dynamic) population pyramids, and graphs showing
trends for a number of variables over time. The user can specify to compare sub-populations given for a particular
scenario and indicator or he/she can compare scenarios for a given indicator. Please refer to the PEDA User’
Manual for more information on these standard output modules.




3.2.2 List of indicators

Hereunder, we have listed the output variables available to the user with their explanation wherever they are not
self-explanatory. If no specification is given, the indicators can be generated for the eight different subpopulations
separately. Otherwise it is specified thar the indicator is only available at the country level. The standard output
modules in the PEDA model allow the user to request the values for most of the scenario variables as well. This
option was included for the user to be able to verify his/her assumptions for a given scenario while being in the
output module. In the table below, these variables are labeled as inpur variabie.

Table 3-4: Standard output variables in PEDA

| Variable

" Available food

T variable descripﬁﬁ ' T

This is the sum of the total amount of food produced in the country in a particular
year minus the post-harvest losses, +/- food imports and exports. It stands for the
net available food to the population for each year in the projection period and it is
expressed in terms of calories. This indicator is only available for the country as a
whole.

Births

Total number of births

Current land

The combination of the quantity and quality of land for each year of the projection
period. Index value summarizing the effects of land degradation and regeneration.
This indicator is only available for the country as a whole.

Deaths

Total number of deaths

Life expectancy (e0)

When requested for each of the eight sub-groups separately and sex specific,
this is the graduated value of the assumptions of the user. At the country level,
however, it is also influenced by changes in the relative weights of the subgroups
in the population (provided that different life expectancies have been set for the
different subgroups).

Literate Life Expectancy
{LLE)

Number of years a person is expected to live in a literate status from the age of 15
onwards. See section 3.2.3 for a more detailed description,

Fertilizer

Is an input variable.

Food import/exports

Is an input variable.

Food production

This fs the gross production for each year of the projection period, and it is
expressed in terms of calories, This indicator is similar to food availability, but it
does not account for post-harvest losses and importsfexports. This indicator is
only available for the country as a whole. :

HIV/AIDS morbidity rates

Is an input variable

Irrigation

Is an input variable

Loss in transport/storage

Is an input variable

Machinery

Is an input variable

Proportion food insecure

In addition to the population size that can be generated by urban/rural place of
residence, literacy status and food security status; the model has an extra output
variable that portrays the proportion food insecure in the country for any year of
the projection period. This indicator is only available for the country as a whole.

Total population

Population size. It can be generated for each of the eight subpopulations
separately and for both sexes separately. There is also a possibility to extract age
specific information directly from the databases (see section 4.2).

Technical education

Is an input variable J




Variable “Variable description -
TFR When requestéd for each of the eiﬁéuﬁg}oups seﬁé-t?y"this is lhe_grédlEed
value of the assumptions of the user. At the country level, however, it is also
influenced by changes in the refative weights of the subgroups in the population
{provided that different fertility rates have been set for the different subgroups)

Urban bias factor |s an input variable

|Water

Is an input variable

3.2.3 Literate Life Expectancy (LLE)

As it is a less well-known indicator, Literate Life Expectancy deserves particular attention in this manual. LLE
stands for the average number of years a man or a woman lves in the literate state; i.e. helshe is able to read and write
under the prevailing mortality and literacy conditions. Literate Life Expectancy (LLE) has recently been proposed as
an indicator of social development and quality of life. LLE is perfectly suited to fit the structure of PEDA which
gives projections of the population by age, literacy status and mortality levels (depending among others on the
food security status) and it may even have 2 number of advantages over another widely spread development related
indicator, namely the Human Development Index (HDI).

A single indicacor that comprehensively describes a population’s quality of life and can be used for comparative
purposes can be very useful if it has a clear interpretation. In the past, GNP per capita has almost exclusively been
used for this purpose, although it remains a highly problematic indicator for comprehensively measuring quality
of life and development. United Nations Development Programme offered a more comprehensive alternative by
introducing the Human Development Index (HD). This index combines indicators of life expectancy, educational
attainment and income in one figure on a scale between 0 and 1. HDI served an important purpose in giving more
attention to the social aspects of development but also has some shortcomings.

The fact that measures of income {through whatever concept of national accounting) are not reflected in LLE can
be seen as a benefit in terms of purity rather than a deficiency. Finding the right level of mortality and of literacy is
a largely empirical issue once an operational definition of literacy is applicd. In practice there are of coursc all kinds
of measurement problems, but figures for material wealth do not only have the measurement problem.

It is to a much higher degree dependent on the accounting framework applied, whether only the formal economy
is considered, whether the depletion of natural capital, whether real purchasing power, or distributional aspects
are considered. It may be wiser not to mix these two very different kinds of indicators (one based on individual
characteristics, the other on an abstract entity called the economy). Ler GNP per capita describe economic
development in the formal economic sectors and take literate life expectancy to describe social development.

Literate Life Expectancy as a summary indicator of social development is based on two underlying indicators: age-
specific mortality rates and age-specific proportions literate. There are convincing arguments for taking individual
survival probabilities and empowerment through basic education as two of the most important and least ambiguous
aspects of human quality of life. Below is an attempt to highlight some of the underlying reasoning which in this
brevity will certainly be incomplete.




Personal survival to a mature age and the survival of immediate family and dlose friends are universal human
aspirations. It is one of the few values likely to be shared by a Buddhist monk, a Wall Street broker, and a street
child in Sao Paulo. Individual survival is the necessary prerequisite for enjoying any kind of quality of life. In more
economic terms, increases in life expectancy at the level of society also increase the expectation of returns from
investments ranging from education to housing, consumer durables, production sites, etc. ‘This expectation is a
basic prerequisite for any kind of development.

Bur increasing life expectancy not only facilitates development, its level also reflects social advancement and
quality of life in a very comprehensive and sensitive manner. Life expectancy responds positively to most of the
things that we consider important ingredients of quality of life (good dier, efficient health care, good housing,
benign technologies, good social and economic infrastructure, healthy working conditions, education, intellectual
stimulation, ctc.) and negatively to things we want to avoid (armed conflict, malnutrition, poverty, hazardous
work, stress, depression, etc. ).

One might even go as far as to say thar happiness tends to reduce adult mortality, while unhappiness increases
the risks; a lot of psychosomatic evidence points in that direction. Given all the problems involved in directly
measuring health (not to speak of happiness), longevity is still the best proxy of health and possibly even telling
of emotional conditions. On a societal level the mortality crisis in Eastern Europe, for instance, clealy reflects a
social, economic, environmental and psychological crisis.

Basic education as an indicator of empowerment also has an individual and a societal component. On the
individual level, reading and writing skills are basic prerequisites for almost every kind of professional advancement
and improvement of living conditions. It is also imporrant for securing one’s basic entitlements. Not being able
to read and write in most societies means being excluded from progress, and carries the danger of being further
disempowered. Especially for the empowerment of women in society and in her family, basic education is the key
variable.

On the level of society it makes a big difference whether educational budgets are spent towards achieving universal
primary education or for the higher education of small elites, while large proportions of the population remain
illiterare. Historical analysis shows that countries that worked towards universal basic education do significandy
better in several aspects ranging from population stabilization to economic development and social equity. More
generally, human capital --of which education is the most essential ingredient--seems to be by far the most
important factor of economic development in the long run.

A look at the historical developments of European countries over the last century shows that some initially very
backward countries without any significant natural resources or financial capital (such as Finland) made it to
the top simply by pushing for education and achieving near to universal literacy as early as the beginning of the
century. Finland thereby passed other central and southern European countries that originally had much more
sophisticated cultures and significantly more physical and financial capital. In shorr, literacy not only shows the
curent level of social development, it also characterizes a country’s potential for future development.

'The calculation of LLE requires empirical data on age-specific mortality rates and age-specific proportions literare,
which are both readily available from PEDA. The calculation of LLE follows the regular life table method thar is
used to calculate the mortality-based life expectancy, adding only thar the number of person-years at each age is
weighted with the age-specific proportion literate. Literate Life Expectancy is always somewhat lower than regular




life expectancy because early childhood is always an illiterate state. Since data on the literacy status of children
varies for different PEDA applications, literacy is only considered from the age 15 onwards. The data given on
LLE do sill refer to life expectancy at birth, considering child mortality, but do not count the years some children
may be literate before age 15.

In PEDA, time series of LLE for the country and scenario under consideration are 4 standard output feature
in the presentation of results segment. Together with the total proportion food insecure LLE may be used as
a major criterion to sec whether one development path should be considered preferable to another. In fact
this additional indicator is a very necessary complement to the proportion food insccure, which taken alone
may be misleading. There can be scenarios in which the food insecure population declines due to very high
mortality (e.g. through epidemics). This is clearly not a desirable scenario, although it would not be apparent
if one only Jooks at the food insecure population or even the proportion food insecure. LLE in this case would
clearly reveal the dramaric deterioration in quality of life.

Box 3-1:A methodological note on the calculation of literate life expectancy




4 Structure of the software, underlying data
bases and spreadsheets

4.] Introduction

The PEDA model is developed for a Windows environment and written in Visual Basic. Both the input and
output are stored in Microsoft Access databases and the caleulations are carried out in Microsoft Excel. When
running the PEDA software, the user is not immediately aware of the manipulations of databases and dara
in spreadshects. The interface or shell acts as a buffer between the commands (e.g. read a previously defined
scenatio X for country Z) and the operations that are carried out in the background (e.g. open the darabase
with scenario X for country Z, load the information into Excel and display the values of the scenario variables
in the user interface). This, however, implies that the professional version of Microsoft Office has o be
installed on the computer from which one wants to run the PEDA model (refer to the PEDA User’s Manual
for more details on the installation procedure and system requirements),

The first prototypes of the software consisted of a package whercin the mathematical model, country data
and scenario assumptions were integrated. Although this had been a viable option for testing the main model
assumptions, the design turned out to be inflexible when applying the model to multiple countries or use
different sets of baseline data for one country as each of them would result in a different application. The
original approach also complicated the task of implementing adjustments in the mathematical model to the
different applications as they had to be carried out as many times as there were applications.

To cope with the potential inconveniencies as the applications of PEDA to different countries expand,
the mathematical model has been separated from a number of databases containing the country data and
scenario assumptions. In v1.0 of the PEDA model, there is only one version of the software containing the
main user interface and the mathematical definition of the model. From within that interface, the user can
choose between already initialized countries to carry out projections or to see the results of already carried out
simulations.

The following sections of this technical manual contain a presentation and description of the darabases and
spreadsheets whereupon the PEDA model relies. Tt is not so much dealing with the user interface, but it is
explaining what happens behind that interface. Hence, what follows will be much more of interest to those
who want to go further than simply carrying out projections with already existing data or make use of non
standardized outpur features. This may be the case during the process of initializing the model for a new
country or when the elasticities of some of the assumed effects want to be changed, or, what may be most
commonly the case, when a user wants to generate output thar is not by default provided by the sofeware, In
thesc explanations we assume that the model has been installed on the computer. For installation instructions
and guidelines to use PEDA to carry out simulations, we refer the reader ro the PEDA User Manual




4.2 The structure of the application and databases

There are basically three distince operations 4 user may want o carry out with PEDA. ‘The first and most
sizable task is to initialize the model for a new country. Further, the user may probably want to carry out
simulations and eventually see the results of these projections. The PEDA application is built around these
three distinct logical steps and this is also ceflccted in the structure of the databases underlying the user
interface. The management of these databases is usually carried out in the background: for each particular task
or command, the PEDA application opens the relevant database, selects the appropriate information from
within chat database, loads it into Microsoft Excel which takes over to carry out caleulations if required, or,
displays the requested information in the user interface.

If the command includes performing calculations, the results are later again stored in the appropriate database.
The structure of the Excel spreadsheets wherein the calculations are carried out will be discussed in section 4.3.
First we'll describe the database files and how they are used in PEDA. Users wanting to manipulate any of the
information stored in these databases without passing through the PEDA user interface, should be sufficiently
familiar with Microsoft Access and the PEDA model as whaole to do so.

4.2.1 Four databases

Each installed version of the PEDA model relies on four database files (Microsoft Access files in this case).
These files can be found in the PEDA programme folder (Figure 4-1) on the hard drive. By default the PEDA
program folder is located in ‘c:\Program FilesV'.

Figure 4-1: Screen shot of the PEDA program folder
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The files ‘initial. mdb’ and ‘init.mdb’ contain information on the status of the initialization of the PEDA model
for a particular country and the baseline data for already initialized countties. Although the initialization of
the model will be dealt with in detail in chapter 5, some comments on the content of these databases may be
useful at this stage. The database ‘initial.mbd’ contains only one table ‘Names' and keeps track of the countries
which are already initialized and which are not, together with fields presenting standard UN and World Bank
codes for the countries in question. This table should not be manipulated manually.

Figure 4-2: The ‘Initial.mbd’ database
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The “init.mdb’ file (Figure 4-3) contains the baseline data for all the initialized countries. These baseline data
are made up of the year to which the dara apply (i.c. the starting year in the projections); the population size
by age and sex; age and sex specific mortality schedules; age specific fertility rates and age and sex specific
transition rates from the illiterate to the literate status. All this information is defined for each of the cight
different subgroups in the population separately. These demographic baseline characteristics are stored in the
table ‘tabMain’. The other table in the ‘init.mdb’ database ‘abLorenz’ contains the food distribution function
for the rural areas and the urban arcas separately.

Note that this is the only information that is not changeable for a particular initialized country, All the other
information (e.g. the elasticities of the agricultural production function, the curve defining the relationship
between water availability and agricultural production, etc.) is stored as part of the scenario definitions. This
has the advantage thar the user can for example make different assumptions regarding the elasticities of the
agriculeural production function, store these as different scenarios for the same country and compate the
results directly.

On the other hand, all the information in the ‘init.mdb’ database cannot be changed once the country has
been initialized. Therefore different assumptions regarding the food distribution function, for example, will
lead to two different initializations for one country.



Figure 4-3: The ‘init.mbd’ database
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Except during the initialization of PEDA for a new country, the content of the “init.mdb’ and ‘initial.mdb’
databases does not change. The information in these databases is used by the application whenever a user
sclects a country to define new scenarios and carry out projections.

The scenario database (‘scen.mdb’) contains all the user defined scenarios for all initialized countries. This
database consists of four tables (Figure 4-3) and the user in the PEDA application interface has specified
most of the information stored here. This database gradually expands as the user specifies more scenarios. The
PEDA software will be distribured with at least one (baseline) scenario for each of the initialized countries.

Figure 4-4: The scenario database (‘scen.mdb’)
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In the scenario database, the table ‘tabScenDef” keeps track of all the scenarios that have been defined for the
nirialized countries with their description. For each scenario and each country, the table ‘tabParam1’ stores
the scenario assumptions regarding fertility, mortality and education. A screenshot of the content of that table
is shown in Figure 4-7. The second column identifies the country and the third column the scenario name.
In the third column the name of the indicator is given and the fourth column further specifies that indicator;
usually whether the values are applicable to females or to males. From the fifth column onwards the values
of the different variables are given for each of the eight subgroups in the population (stl, st2, ... st8). These
values are only applicable to this particular scenario and were originally read from the values that the user
entered in the PEDA application interface. Some rows in this table are reserved for future use (e.g. row 9-12);
some rows are used to store parameters for calculation purposes (e.g. row 3-6)




Figure 4-5: The ‘tabParam |’ table in the scenario database
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The table ‘tabParam2’ contains another set of important parameters. Unlike those in the ‘tabParam]’ they
are not applicable to each of the cight subgroups separately, but to the country as a whole. These indicators
are summarized in Figure 4-9 and are mostly self-explanatory. Most of these indicators are static scenario
parameters, i.c. they do not change over time. Some of these parameters do not appear in the PEDA user
interface, and if they need to be changed, it has to be done from within the Excel spreadshects (cfr. infta). Ie
is better not to change the value of any of the indicators in the dacabases,




Figure 4-6: The ‘tabParam2’ table in the scenario database
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Among the indicators ot variables that do not appear in the PEDA user interface are the proportion of the
females born (the fraction of each birth cohort that is female), the elasticities of the agricultural production
function, and a number of parameters applying to the land and water modules. See the respective sections on
land and water for a detailed description of these parameters (see sections 2.3 and 2.4).

For each scenatio there are a number of auxiliary indicators. This space is reserved in case future versions of
the model would require the inclusion of new variables.

The table ‘abScer’ (Figure 4-11) contains the values applying to the dynamic scenario variables of the
agricultural production function, the availability of food and the HIV/AIDS motbidity rates. Just as the
variables or parameters in the ‘cabParam?’, these variables are defined at the level of the country (thus not for
cach of the cight subgroups in the population separately), but unlike the parameters in the ‘tabParam?2’ table,
these are dynamic parameters. Different values can be assumed for different years throughout the projection

period.




Figure 4-7: The ‘tabScen’ table in the scenario database
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The values for the variables stored in this table are the loss of food in the harvest, transport and storage (LT);
food imports and exports (FIE); the urban bias factor (UB); the HIV/AIDS morbidity rate (HIV); fertilizer
use in agriculture (F), machinery use in agriculture (M); the technical education of the labour force (TE),
climate (W); and irrigation (IR). With the exception of HIV/AIDS morbidity rates, the post-harvest losses,
the urban bias factor and water, these variables are treated as indexes having value 1 for the starting year. Other
factors thar affect the availability of food but are endogenously determined by the model (e.g. the size and
literacy of the labour force) cannot be found in chis table.

'Ihe projection database (‘projection.mdb’, Figure 4-8) stores all projection results. It consists of four tables,
In the projection darabase, the ‘indicators’ table only contains a list of the indicators that are part of the
standardized output modules in PEDA with their abbreviations. In that table, those indicators marked with
a ™ are only avaifable at the level of the country as a whole. The ‘scenario’ table keeps track of all scenarios
for which simulations have been carried out and their description. It is different from the ‘tabScenDef” in
the scenario database in the sense that scenario will only appear here once the simulation for that particular
scenario and country has been carried our and stored in the projection database. The table ‘State’ only contains
a description of the eight different subgroups in the population and their abbreviation.

Figure 4-8: The projection database (‘projection.mdb’)
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“Tablel’ (Figure 4-9) is by far the most bulky table in this daabase and contains all the projection results for all
scenarios and all countries. For each year in the projection period of each scenario for each country, there are
currently about 116 records. They keep track of the values of all possible output variables and if appropriate,
for each of the eight subgroups in the population and 5 year age intervals. Although projections in PEDA are
carried out by single years of age, the results are only stored by 5-year age intervals.

This will be the database table that users will most commonly refer to. It is particularly useful in case the user
wants to present projection results in another format than the ones predefined in the PEDA application (see
sectiond.2.2.2). This may for example be the case when one wants to generate age-specific time series. It is
fairly casy to extract that information from this table using standard database query rechniques.

Figure 4-9 presents a fragment of the “Table1” in the projection database. The rows labeled 54 to 63 present
the population (both sexes) in each of the cight different states for the age groups 55 to 100 for the year 2010

for a scenario called ‘malil’. The next line gives the expected number of births for the year 2010 under the
scenario assumptions specified in ‘malil’, etc.

Figure 4-9: Fragment of Table! in the projection database
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4.2.2 The integration of the databases in the PEDA application

4.2.2.1 In making projections

To carry out projections, the user first has to select a country from the simulation menu of the PEDA
application. Only if the country has already been initialized it appears in the list. Once a country is selected,
che initial data are loaded from the database into the model or spreadsheet. After the bascline data have been
loaded, the user selects a scenario for this particular country, At least one scenario exists for each initialized
country. By default this is called the baseline scenario. Reading a scenario loads the values for the model
parameters and scenario variables into the spreadsheets.




Once a scenario is selected and loaded into the model the user may begin working with the model. From here
onwards, the user can change some of the parameters of the scenario that has been loaded, or he/she may
want to carry out projections with the loaded scenario. A scenario that has been changed needs to be saved
under a different name before simulations can be carried out. Once simulations are performed, the results are
stored in the projection database. It is not required that each scenario thar is stored in a scenario dartabase has
the output parameters stored in the projection darabase. Scenarios can be made in advance and stored in a
scenario database to carry out simulations later. Scenario definitions alone take less space than the full set of
projection results,

The operations involved in carrying out projections are given in Figure 4-10, It may seem as if many
operations are involved, but most of them are carried out behind the user interface and can be done in a
few mouse clicks.

Figure 4-10: Schematic overview of the steps involved in carrying out projections
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After the simulation has been performed the user may want to repeat the whole process for another country
or another scenatrio.

4.2.2.2 in presenting the results

There are three ways in which the user can obtain the data from the projections {Figure 4-11). Of course, this
can only be done for countries that have already been initialized and for scenarios for which the projections
have been carried out. The first option for the user is to make use of the standard output features of the PEDA
application. The latter contain population pyramids and time series. The tables for these charts can be saved
from within the PEDA application into Excel format to be reworked later. Refer to the PEDA User’'s Manual
for more details on these procedures. The third option is to extract simulation results from the projection
database (‘rablel’ in the ‘projection.mdb’ file) using queries. As mentioned earlier, this will be most useful to
chart characteristics for specific age groups.

Figure 4-11: Schematic overview of the steps involved in presenting the results
of projections
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4.2.2.3 In managing the information

In order to be able to maintain a well-structured and up to date database, it will be necessary to delete dara for
particular scenarios and/or countries from the projection database from time to time. Similarly data can also
be deleted from the scenario database. Since all databases are MS Access databases these procedures could be
easily performed directly from MS Access (see Annex 1).

After the deletion of scenarios or projection results the databases could be compacted in order to reclaim the
space thar corresponds to the deleted data. This can be done by standard Microsoft Access commands.

4.3 The Excel spreadsheets

The projections and calculations are always carried out in Excel spreadsheets. Just as is the case for the operations
with the different databases, this is usually not directly visible to the user of the model but happens behind the
user interface. In most cases, a user will not need to go into these spreadsheets to manipulate information or
define scenarios. However, a good knowledge of these spreadsheets may enable the user to change some of the
more advanced parameter settings if required. In the following paragraphs, the content of the different Excel
spreadsheets will be discussed with indications where the user can intervene and adjust parameter sertings.
Again, the user should be sufficiently famniliar with the PEDA model and Excel to do so.

Before changing information in the Excel spreadsheets, you must first start the PEDA application, choose a
country from the drop down list and click on the simulation button. Now the baseline data for that country are
loaded into the Excel spreadsheets underlying the interface. None of the other information pertaining to that
country has been loaded yet. To do so, you have to read a scenario fitst (baseline, or any other scenario thar has
been defined for that country). Only in very exceptional cases you may need to go to the Excel spreadsheets
without reading a scenario first. This is for example the case when you have just initialized a country for which
no scenarios have been defined. Once a scenario is read you can go to the Excel spreadsheets by pressing the
<ctrl> <shift> and <R> keys simultaneously. This acrion resets the main workbook and allows the user to
go directly to the PEDA projections workbook for viewing and editing. If settings want to be changed for
another scenario than the baseline scenario, this scenaric needs to be loaded first (through clicking on the
‘Read predefined scenaric’).

The workbook consists of 17 worksheets. The simulation window in the PEDA application is one of them and

is active after pressing the <ctrl> <shift> and <R> keys. This worksheet is called ‘Main’. By clicking on the tabs
at the bottom of the screen, the user can switch from one worksheet to the other (see Figure 4-19).

Figure 4-12: The different worksheets in the PEDA projections workbook




Hereunder a description is given of each of the 17 worksheets with indications where information may be
changed. Whenever information has been changed in any of these worksheets, the user MUST return to the
‘Main’ worksheet {the one selected in Figure 4-19) and click on the ‘save scenario’ butron to save the changes
made under a different scenario name.

In the tables describing the worksheets, those ranges that MAY NOT be changed by the user in any case are
labeled with a * ! *; those ranges that contain information that can ONLY be changed in the worksheets and
not through the PEDA user interface are labeled with ‘ *’; ranges that contain information that can both be
changed through the user interface and in the spreadshects are not labeled. To avoid problems it is preferable
to change the information through the uset interface wherever possible. Wherever ranges are not mentioned
in the description that follows, they should not be touched in any case.

Some of the worksheets where changes are allowed are protected. To unprotect a worksheet, choose the
‘Protection -> Unprotect sheet ..." command from the “Tools’ menu.

4.3.1 The ‘Params’ worksheet

This worksheet contains some major scenario parameters, including fertility and mortality assumptions, the
food distriburion function and the water saturation function.

Table 4-1: The content of the ‘Params’ worksheet

ﬁ;ﬁge Description
B1:D1 [ The message displayed in the Simulation/Parameter settings window in the PEDA .
application interface -
D5:M16 This range is used for testing purposes and for future use.
D17:M39 Scenario settings for educational transition rates and the dynamic settings for fertility and
mortality for each of the eight subgroups
A48.CX52 The definition of the food distribution curve for rural and urban areas !
AO23:AR30 The definition of the water saturation function for the calculation EWM. In the current version v

of PEDA, two of the water saluration curve parameters can be changed in the ‘Params1’
worksheet (see section 4.3.2)

Y7:.AA16 Definition of the names of the subpopulations |
AHT7:Al16 Description of the dynamic scenario variables and their abbreviations !
AQ4:AW1T Information used in the definition of the graphs !

4.3.2 The ‘Params|’ worksheet

'This worksheet contains some important model and scenatio parameters, including the elasticities of the
agricultural production function, the parameters for the land and water modules and HIV/AIDS related
mortality schedules.




Table 4-2: The content of the ‘Params|’ worksheet

[ Range Descripion . B
E4:G4 The initial year of the projections, This is the year to which the baseline data apply and is
defined as part of initializing the model for a new country.
ES5:.G5 The proportion of females born. This parameter refers to the sex ratio at birth. As it can *

change a little between countries a value can be specified here. This is the only place
where this parameter can be adjusted.

E6.G6 The end year of the projection period.

E7:G9 wd arameter values for some of the general model settings, including the assumptions
régarding the amount of daily per capita calories produced and imported in the initial year,
the minimum daily per capita food requirements. All these values can be changed through
the user interface.

E10:G11 & ‘Ranges not used in the current version of the PEDA medel. This space is reserved in case

E20.G21 future versions of PEDA would require the inclusion of new variables.
E12:G17 Elasticities of the agricultural production function. *
E18:G19 In the new version of PEDA, two of the water saturation curve paramelters can be changed | *

here by the user and stored as part of the scenarios, A reference to these cells is made
from appropriate cells in the ‘Params’ worksheet (see section 4.3.1).

E22:G22 Parameter for the proportion of the cohort moving from rural to urban areas during their
lifetime. This valug can also be changed through the user interface.
E23:G26 Parameters of the land moduie. Of these, only the land degradation impact factor can be *

changed through the user interface. (g stands for gamma, n for eta and R for Rbar, See
section 2.3 for their full description).

E27.G28 Two parameters of the water module. See section 2.4 for their full description. *
L3:W105 Definition of the age specific additional mortality rates (mx) for different levels of HIV/AIDS *
| morbidity rates. ) - __ :

4.3.3 The ‘SetScen’ worksheet

This worksheet contains the definition of the user interface for setting the dynamic scenario variables, It

should not be changed.

4.3.4 The‘NDScen’ worksheet

In this wotksheet the values for the dynamic scenario variables are stored. It is recommended to change
these values through the user interface. However, as the user interface only allows assumptions to be made
by five-year periods or a gradual annual increase or decrease, the user can define in these worksheets scenario
assumptions with a precision of one year.

Table 4-3: The content of the ‘NDScen’ worksheet

l.Range - ‘ Des_criptionw;wm o _ _
D&:DE15 | Definition of the values of the dynamic scenario variables *

All other ranges | All other ranges on this worksheet are used for calculating purposes and should not be
touched




4.3.5 The ‘DistribF’ worksheet

In this spreadsheet, most calculations are carried out concerning the food production and the calculation of
the foad secure and food insecure fraction of the population.

Table 4-4: The content of the ‘DistribF’ worksheet

Range Description ]

B2:C9 Elasticities of the food pfoduction function and two parameters of the water module. Théy !
cannot be changed here. {See section 4.3.2) ]

E1.F7 Range wherein the gross daily food production and the net daily food imports pertaining to | !

the total population are calculated from the assumptions made on the net daily per capita
food produced and imported. They relate to the initial year only and the results are used as
input for calculation of the food production and availability during the projection period. No»
change is allowed.

A11:.DC26 Range wherein the food production and availability are calculated for the whole projection | *
period. Different assumptions can be made in this range regarding the variables that affect
food production {e.g. the endogenous feed back of HIV/AIDS morbidity on the labour force
input into the agricultural production function). Only users that are very well acquainted
with PEDA shouid engage in making changes in this range. Changes made here cannot
be stored as part of the scenarios. They should be saved through the 'save’ option in the
‘File’ menu of the workbook. Note that, once saved, the new mathematical definition of the
preduction function will be applied to all future simulations and thal previously carried out
simulations will not correspond to the new definition.

A36: DD152 Range used for calculation of the population per sub group for each year in the projection
period. No changes should be made.

4.3.6 The‘Stl)’ through ‘St8’ and ‘Total’ spreadsheets

These spreadsheets are used for the calculation of the population by age and sex for each of the eight different
subgroups in the population. In the “Total” spreadsheet, the data are aggregated for males, females and the total
population. This spreadsheet is also used for the calculation of literate life expectancy (LLE). No changes are
allowed in these spreadsheets.

4.3.7 The ‘IPop’ spreadsheet

This worksheet contains the initial ot baseline data for each country. These data are automatically read from
the ‘init.mdb’ database that is updated with data for each country during the process of initialization. It is not

advisable to change the information in these spreadsheets.




Table 4-5: The content of the ‘Ipop’ workshee

Eangé Description '

EB:L9S | The total population by single years of agé and subgréup, femates I
E130:L222 The total population by singie years of age and subgroup, males !
E254; L357 Age specific mortality rates by subgroup, females !
E378: L481 Age specific mortality rates by subgroup, males !
E502:L525 Age specific transition rates from illiterate to literate status, females !
E527:L550 Age specific transition rates from illiterate to literate status, males !
E556:L596 Age specific fertility rates !
A5:C596 Auxiliary range used for performing calculations. No changes are allowed. !

4.3.8 The ‘Main’ worksheet

‘This is the worksheet that has to be activated if one wants to return to the PEDA applicatien user inrerface,
If any changes have been made in any of the worksheets; these can be saved ONLY by clicking on the save
scenatio button in this worksheet. Do not try to save the changes through the File/Save command as you
would do in any other software package.

4.3.9 The ‘Results’ worksheet

This worksheet regroups the outputs of the projections before they are stored into the projections database.
This worksheet is of little use to the user as it only contains temporary results of the projections for one year
at the time (the values of the output variables for the last year of the projection period in the scenario under
consideration). No changes are allowed in this worksheer,




5 Methodological support for the initialization
of PEDA for new countries

5.1 Introduction

Since PEDA is a multi-sectoral model, the initialization of PEDA for a new country should ideally be done
by a team of experts from various disciplines. An in depth initialization of the model for a particular country
includes among others the preparation of the demogtaphic bascline data, the estimation of the agriculrural
production function elasticities (if necessary, it may even entail the definition of a new agricultural production
function), the estimation of the water saturation curve, the estimation of the land degradation and recovery
parameters, the estimation of the food distribution curves, the estimation of age specific rural-urban migration
patterns, and possibly even the inclusion of new variables that prove to be important in the population,
environment, development and agriculture interactions for that parsicular country.

However, there is a more minimal approach to the initialization thar is sarisfactory if the PEDA meodel is to
be used for advocacy purposes only. This approach entails the prepararion of the demographic baseline data
and the estimation of the food distribution curve. For all the other relationships, the model will then rely on
the theoretical distributions as described in the previous sections of this manual. Here, you will find some
guidelines in the preparation of these baseline data. These are only to be seen as possible steps to be followed
as the data available for different countries may come in different formats and may thus require different
estimation techniques etc.

These baseline data contain the necessary information to be fed into the ‘init.mdb’ darabase and are the
technical minimum requirement to make PEDA operational for a new country. Although it is the minimum,
it is not necessarily the end of the initialization process. Further improvements to the data and relationships
can be gradually implemented as they become available. As mentioned before most of the other relationships
and distributions are stored in databases as part of the scenarios and not as part of the initial data per se.

If a country has already been initialized and a better empirical description of the warter-saturation function
becomes available at a later stage, it can be easily added to PEDA to replace the current theoretical function
and stored as part of a new scenario. The PEDA model thus allows for a gradual improvement of the data and
the country applications.

The necessary baseline data include the distribution of the population by sex and single years of age for
cach of the eight subgroups in the population {states); the food distribution functions for urban and rural
areas separately; fertility and mortality schedules for each of the eight states; and the age specific educational
transition rates for the non literate states. Hercunder the different steps in the initialization process will be
illustraced with data for Ethiopia.

The preparation of the baseline data is most likely to be done in Excel, and after all initial data are collecred
and prepared, they ate fed into a small utiliry that comes with the PEDA model that automatically updates
the databases (see section 5.6).




5.2 The food-distribution function

As we assume that all the citizens of a country do not have equal access to the available food in a country, a
food distribution function has to be defined to reflect that inequality. This food distribucion function is of
crucial importance in the process of estimating the fraction of the population that is considered food secure
and food insecure. Adequate data on such a food distribution functions do, however, not exist. The solution
applied in PEDA is to use houschold expenditure curves thar exist for a number of African countries. The
model thus relies on the assumption thar the inequality in the expenditure curve is equal to the inequality in
the access to food.

This relationship does not seem to be immediately obvious, bur as we know that savings are relatively low in
Africa, the step to assume that income equals expenditure is only a small one. Whar we are left with is the
assumprion that the inequality in the access to income is similar to the inequaliry in the access to food. The
knowledge that income inequality is usually different in rural and urban areas is extended into PEDA through
the use of two food distribution curves, one for rural areas and one for urban areas.

In our example of Ethiopia, no data are available on expenditures or income. Thercfore, we used houschold
expenditure data for Uganda as a proxy. These data are available from the World Bank'. The data give
houschold expenditures in national currency from the poorest quintile to the richest. These figures include the
value of own produce consumed. As we are thinking in terms of income or food distribution in PEDA, we
will consider these figures to represent income from now on.

Table 5-1: Preparation of the food distribution function

Urban'

| Popquintle |  Mean | %ofthetotal | cum  Mean % of the total cum |
_Income | income | income income income income

0.0 0

1 7.0 7.0 7 57 57

2 12.3 19.3 12 98 15.4

3 15.8 35.1 17 13.8 29.3

4 13 22,8 57.9 25 20.3 496

’> 5 24 421 100.0 62 50.4 100.0
e A A I S

As we do not need national currency as a measurement unit, but simply the relative share of each quintile
in the total income, we first need to transform the actual income into fractions of the total income that is
obtained by cach quintile of the population (see Table 5-1). These fractions are then cumulated to obtain the
total income available to the total population {in rural and urban areas separately). Read from the bottom to
the top, it means that for the rural population 100 per cent of the income/food is available to 100 per cent

I African Development Indicators 1997, World Bank, Washington, D.C., p. 387-431
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of the population, and 58 per cent of the income/food is available to 80 per cent of the population. In this
case, the richest 20 per cent of the rural population has already consumed 42 per cent of the food, leaving
the rest for the less privileged. Similarly, 65 per cent of the food is consumed by the most privileged 40 per
cent of the population, leaving the remaining 35 per cent of the food for the 60 least privileged per cent of
the population.

PEDA determines the fraction and number food insecure people in a subgroup on the basis of these food
distribution curves and the amount of available food in a particular country and year. If the remaining amount
of food per capita is not sufficient to fulfill minimum food requirements, the remaining fraction of the
population is considered to be food insecure. To determine this we need two additional pieces of information;
i.c. the amount of per capita food supply in a country and the assumed minimum requitement. The FAO
usually collects and publishes these data’.

Figure 5-1: Original data points, the graduated and transposed food distribution
curves for rural and urban areas, Ethiopia
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The data, as given in Table 5-1 are, however, not sufficient as the PEDA model works wich a precision of 1
percentage point. Both curves thus need to be graduated before they are of any use to PEDA. The graduation
of these and similar curves can be done, using a variety of techniques. In this example we used Spline?, The
result of the graduation is shown in Figure 5-1. The cumulative proportion of the population is given on the
X-axis ordered from least to most privileged, the cumulative share of the food on the Y-axis. The circles stand
for the original data points, the dotted and full lines for the graduated curves. Before these Lorenz curves
can be entered in PEDA, they need to be transposed so that the most privileged section of the population is

1 A good source of these data is the ‘Africa Nutrition Database Initiative Website' (htep://wwwafricanutrition.net).
2 A small Excel application for Spline has been developed by S. Schetbov that simplifies this task (sce Annex 2).




situated towards the origin of the X-axis. In Figure 5-1, the transposed curves as they have to be entered in the
PEDA model are indicated with {Rur (T} & and Urb (T)).

To come back to our example of Ethiopia, the daily average per capita foed supply in 1995 is to be situated
around 1830 kcal. With an assumed threshold value of 1500 kcal' as the minimum daily foed required for
an individual to be food secure, a proportional distribution of the available food along the food distribution
curves as defined above for urban and rural areas would result in a proportion of 53 per cent of the rural
population and 67 per cent of the urban population being food insecure.

5.3 The age and sex distribution of the population for each of
the eight states

PEDA relies on multi state demographic techniques whereby eight different subgroups in the population are
projected at the same time while transitions from ene group to the other at each step in the projection period
are possible. The eight different states are defined on the basis of three dichotomous characteristics: rural/
urban place of residence, literacy status and food security status. The eight states are:

st1: Urban, literate, food secure
st2: Urban, literate, food insecure
st3: Urban, illiterate, food secure
std; Urban, illiterate, food insecure
st5: Rural, literate, food secure
st6: Rural, literate, food insecure
st7: Rural, illiterate, food secure

st8: Rural, illiterate, food insecure

Note that literacy status? has been used so far as a cut-off point for educational status in the initialized
countries. However, if there are enough reasons 1o believe that other distinctions {e.g. that between complete
primary education and not complete primary education) may be of more relevance in explaining differences
in fertility rates, productivity or in the relationship of human beings with the environment, these alternative
classifications can be used as well.

For each of the eight states, a population distribution by single years of age (0-100) and sex needs to be defined.
This information is usually not readily available from any document. A census report or UN publications
are good sources to find population distributions by age, sex and often also urban/rural place of residence.
Sometimes these distributions are even given by single years of age, sometimes only in five year age groups.

1 Note that we have chosen in this example for an extremely low value. Usually the desirable daily per capita consumption is considered
to be around 2000 Kcal or even higher. .

2 Following the UNESCO definition, a person is consideted literate if he/she can both read and write with understanding a short
simple staremenc on hisfher everyday life (see the statistics component of the UNESCO website for full description, www.unesco.

org).




Be aware that the population distribution by single years of age reported in census monographs often concern
the observed population and are not necessarily the best dara to work with. Population projections require
the mid-year population and observed population distributions are often subject to many errors such as age
misreporting,.

Therefore, it is preferable to use the population distributions at the mid year following the year of the census
and tables giving the population distribution in five-year age groups and graduate them later to obtain the
population distribution by single years of age. These corrected population distributions are usually reported in
census monographs, The starting table would thus look like the one in Figure 5-2.

Figure 5-2: The population distribution for Ethiopia (1995) by age, sex and rural-
urban place of residence

Pop by Ege sez and place of residence, July 199% {CSA. 1999:302)
Urban Rural
age-group | Male Female - Male Female
0-4 ) 435,140 415,519 4,087,055 3,980,497
59 466,269 485,985 3,615,734 3,459,802
10-14 488,634 540,154 3,130,687 2,951,401
15-19 453512 512,854 2,633,003 2,506,687
20-24 392,118 443,216 2,049,295 2,058,120
25-29 329,663 370,262 1663812 1,722,678
30-34 252,162 278,391 1,291,759 1,422,906
35-39 204,111 217,067 1,072,736 1,183,876
40-44 167,350 161,023 929,828 970,159
45-49 133,362 125,469 789,529 739,509
50-54 98,783 835,739 E57.738 614,389
55-69 75,795 78,924 544,319 484 922
50-64 BT A7 64,182 435,758 374,701
B5-59 42,293 48,992 340619 278,014
70-74 28,972 34,270 244,639 188,808
75-79 17,449 20,013 151,504 107,080
20+ 21,541 23.025 135,380 133,110
taotal 3662625 | 3924075 | 23835995 23226459 | 54.649.154

Age, sex and rural-urban specific literacy rates can usually be obtained from census reports as well. One thus
has to apply the proportions literate to each of the subgroups in Figure 5-2 to obtain the population by sex,
age, literacy status and rural-urban place of residence. This gives us the distribution of four subgroups by (five
year) age (groups) and sex.

These four subgroups ot states still have to be split up by food security status to obtain the eight states required
in PEDA., On this issue no data are available at all. The only information we have (estimated ourselves under
section 5.2) is the proportion of food insecure people in urban areas and rural areas separately. It is then up to
the user whether to apply these proportions to both states of literacy, sex and age groups equally or not.




As we do not have any empirical evidence of a potential unequal distribution of food insecurity over the
population by sex, literacy status and age, earlier initializations of PEDA have only accounted for rural-urban
differences in the food security status of the population. The proportions food secure and food insecure
obtained under section 5.2 will thus be applied to both literate and illiterate states to obtain the eight stares
by sex and (five year) age {groups).

Because PEDA carties out projections by single years of age and uses 100 age groups, these data still need to
be graduated. Again, Spline is an ideal technique to do so (see Annex 2).

5.4 Age- and sex-specific death rates (mx) for each of the
eight states |

In order to carry out the population projections, age and sex specific death rates need to be prepared for each
of the eight states. Since these are usually not available for each of the subgroups separately, they have to be
estimated. The first step in such a procedure is to estimate life expectancy at birth (e) for cach of the eight
states by sex. Usually census reports give the value of €, for both sexes separately and by another characteristic
such as rural/urban place of residence or literacy status.

Inaddition, census reports often present a table with differences in €, by a number of background characteristics
that may also be of use in the estimation process. No standard techniques exist for such an estimation
procedure. They are necessarily experimental in their nature,

In the case of Ethiopia, ¢, is given for males and females by place of residence (CSA, 1999: 238). These are the
four ‘observed’ and aggregated e, 's from which we will estimate the life expectancies for each of the eight states.
Life expectancies for literates and illiterates in Ethiopia are only partly available from the census report {CSA,
1999: 242), and for food secure and food insecure they are not available at all. In estimating life expectancy for
the food sccure and food insecure groups, we for example assumed a deviation of two years from the national
level e, These estimates are then to be turned into a multiplier effect of being in the category literate, illiterare,
food secure and food insecure (see Figure 5-3), These multipliers are applied to the four observed values in the
population to obtain the ¢, for the eight states by sex.
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Figure 5-3: lllustration of the estimation of e0 by state and sex
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To obtain the e for the rural, literate and food secure males; we thus multiplied the cells F8, E12, and E15 in
Figure 5-3. These are our first estimates of life expectancy at birth by sex for each of the eight states,

In the next step, the MATCH module of MORTPAK (UN-DESA, 1988) can be used to generate age specific
ptobabilities of dying {q ), based on the ¢, for each of the different subgroups. In the case of Ethiopia, we used
the Coale-Demeney West model life table.

Since PEDA works with single years of age, the output of Match needs to be graduated using UNABR, another
module of MORTPAK. UNABR also gives Heligman-Pollard parameters that can be used to extend these life
tables to the age of 100 (PEDA works with 100 single year age groups). Another method of extending the life
tables can be done through a linear transformation and regression.

From here onwards, we could proceed to calculate the age specific death rates (m) that are nceded as part of
che initial data. However, it is recommended to test whether our estimates for the life expectancies for each of
the eight states by sex and the transformations carried out afterwards are still concordant with the aggregated

values for e, as given in the census reports.

In the case of Ethiopia, we had four ‘observed’ values for ¢, (e, by sex and rural urban place of residence).
Let's take for example the case of urban females. Their ‘observed’ €, was 56 and starting from this value, we
estimated the values for the urban females by literacy and food security status. If we build life tables around
the four nested subgroups of urban females (starting from g, we obtained as an output of UNABR and the
population by age, sex and state that was obtained following the procedures in section 5.3}, we can estimate
the number of age specific deaths in each subgroup.




The population and age-specific deaths can be summed up to obtain the aggregated population distribution
and age specific deaths for the urban females. These two columns can be used as the basis of 2 new life table
to calculate the aggregated life expectancy for the urban females {Figure 5-4). If that value is close to the
‘observed’ value, the estimates are plausible. If the aggregated life expecrancy is far from the ‘observed’ value,
the estimation procedure as illustrated in Figure 5-3 needs to be repeated with different assumptions.

Figure 5-4: Testing the plausibility of the estimated life expectancies through
aggregation and comparison with the original value
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In Figure 5-4, the columns Px and Dx are the sum of the respective columns of the nested life tables for urban
females. From these two columns a life table can be built to obtain an aggregated e, for urban females. In
our case the value is 55.4, which is very close to the value of 56.0 as reported in the census monographs. This

means that our estimates are plausible and that we can use the m,_values of the nested life tables as an input
w PEDA.

If desirable, it is fairly easy to adjust the nested m,_ values proportionally, to obtain an aggregated value that
precisely equals the observed ¢, of 56. In Excel it can be done through creating new m_columns for each of the
nested life tables that are equal to the old m_column times 1+ alpha. This is illustrated in Figure 5-7.

Figure 5-5: The “ * (1+alpha)” transformation of the mx column
for urban illiterate food secure females
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The new m_column has to be used as the one to build the life table of each of the nested groups and to
calculate the aggregated number of age specific deaths etc. With the ‘Goal seek’ function in Excel it is easy
to scale the mortality schedules of the nested subgroups proportionally up or down with the objective of
obtaining, in this example, the aggregated ¢, of 56 for utban females. The new m_ values will then be the
adjusted mortality schedules thar are to be used as the part of the baseline data for Ethiopia. The new values
for e_also need to be introduced as those reflecting the situation in the initial year.

The example given here is to be repeated four times as we had four observed values for e, with each four nested
values that must be estimated and subsequently tested through aggregation. If only two observed values exist

for e, the procedure needs to be repeated twice but for eight nested subpopulations.

5.5 Age-specific fertility rates (ASFR) for each of the eight
states

The procedure to follow in estimating age specific fertility rates (ASFR) for each of the eight states is analogous
to the one used in estimating age specific mortality rates. Starting from the observed and aggregated TFRs, we
estimate those for the nested subgroups. To obrain the age specific ferdlity rates for each of these subgroups,
we scale the reported and aggregated ASFR up or down to make them consistent with the nested TFRs.
From the estimated ASFR, we work backward to calculate the aggregared TFRs and control whether they are
consistent with the observed/reported values.

In the case of Exhiopia, the census report gives observed and adjusted values for the TFR by rural/urban place
of residence (CSA, 1999: 221-233). As fertility is often underreported (e.g. through underreporting children
that passed away), adjusted TFRs are to be used preferably. To obtain fertility estimates for each of the eight
states, we again have to rely on some estimation techniques. One possible way to do that is illustrated in Figure
5-6.

In addition to the observed and adjusted TER on the national level and by rural urban place of residence
(range B7:D8), the census report also gives an indication of the ferdility differentials by educational level
(range B10:C11). Fertility differentials by food security status are not available.

"The adjusted TFRs by place of residence will be the starting point to make estimates for the nested TFRs.
From the fertility differentials by educational status, we can compute a tentative mulriplier (range G5:G6).
To calculate a similar multiplier for food security status we do not have any empirical evidence. However, we
can rely on the literature (sce section 2.1.1) to assume that the fertility of the rural food insecure is somewhat
higher than that of the rural food secure as may it be a reaction of the rural poor that more children are needed
to participate in food production activities.

In urban areas, no such discrepancy in fertility rates of the food-secure and food- insecure segments of the
population are assumed (range F9:H10). Note that the multipliers calculated here are relatively arbitrary.
For several reasons, one could decide to make other assumptions regarding the ferdility differentials by food
security status. :
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From these multipliers and the observed TFRs by rural-urban’ place of residence, we can make our initial
estimates of the TER for the nested subgroups. The value of 4.08 for the Urban Literate Food Secure for
example, results from multiplying cefls D8, G6 and G9.

Figure 5-6: lustration of the estimation of TFR by state
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As an input, PEDA needs both, the TFR for each of the nested subgroups and the ASFR, To obtain ASFR
for each of the cight states, we can use ASFR reported in census monographs. For Ethiopia, the census report
gives ASFR by five-year age groups for urban and rural areas separately (CSA, 1999: 221). Because PEDA
works with single years of age, these age specific fertility patterns need to be graduated. In this case this has
been done using the Coale-Trussell function (Coale & Trussell,1974): and the result is shown in Figure 5-7.
The estimation of parameters was performed using a Gauss-Newton like algorithm (Scherbov & Golubkov,
1986).

Figure 5-7: Graduated ASFR for urban and rural areas, Ethiopia 1994
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These two patterns of ASFR still need to be scaled up or down to make them consistent with the TFR that we
estimated for the nested subgroups.

Just as we did after estimating the age specific death rates for each state, we can now work backwards to check
whether our estimates for the ASFR of the nested subgroups are still concordane with the aggregated values for
the TFR reported in the census monographs. Here, we will illustrate this procedure for rural women.

We started from the (adjusted) TFR for rural women of 7.19, and from that value we made an initial guess
for the TER of the nested subgroups. In the last step, we computed the age specific fertility pattern for each
of the four rural subgroups.

Given the age distribution of women in each of the four rural states and the ASFR, we can calculate the age
specific number of births in each of the subgroups. These births will be summed up, and from these numbers
and the aggregated number of women we can again calculare the ASFR for the rural women. If the sum of
these values is close to the adjusted TFR of 7.19, our estimates are consistent with the reported value in the
census monograph (though not necessarily correct). If not, the estimation procedure illustrated in Figure 5-6
needs to be repeated with different assumptions.

Similar to the procedure illustrated for the age specific death rates and e, it is fairly casy to adjust the nested
ASFR to obtain an aggregate value for the TFR that is identical to the reported value of 7.19. This is illustrated
in Figure 5-8.

Figure 5-8: The ‘“*(l +alpha)” transformation of the ASFR for rural, illiterate, food
insecure women and the calculation of the aggregated ASFR for rural women
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(b) After the transformation
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For each of the nested subgroups, we first need to create a new column with ASFR that equals the old ASFR
times (1+alpha). This new column is then used to calculate the age specific births and these will be the basis
to calculate the aggregated number of age specific births and ASFR for rural women, With the ‘Goal scek’
function in Excel it is then easy to scale the ASFR for each of the nested subgroups up or down with the
objective of obtaining a TFR for rural women of exactly 7.19. The new ASFR for the nested subgroups are
then to be used as part of the baseline dara. The example given here, is to be repeated two times as we had two
reported TFR values in the census monograph with four nested subgroups each.

5.6 Initializing the model for a new country

Once the baseline data are prepared following the guidelines under section 5.1 through 5.5, the model can
be initialized for that particular country. Note that these are only the minimum requirements to initialize
PEDA for a new country. A thorough initialization would require the definition and estimation of many other
functions and model paramerers regarding the agricultural production function, the land and water modules
etc. As mentioned before, many of them can be adjusted ar a later stage and saved as part of the scenarios.

To facilitate the initialization, a small utility has been developed that automatically updates the necessary
databases. It is an Excel file that comes with the PEDA CD-ROM, and by default it is called ‘datalni.xls’ (the
name may be changed if considered necessary), Note that this file contains macros, and when opening the
file a warning message is displayed, indicating that files with macros may contain viruses, To use the utility,
you have to select the option in the message window that enables macros. Additionally, the utility will only
function properly if it is located in and opened from the PEDA program folder on the hard disk. As ‘datalni.
xls’ is not part of the standard PEDA software at the time of the installation (see Figure 4-1), you are required
to copy manually the utility from its original source into the PEDA program folder by using the ‘Copy’ and
‘Paste’ functions on the ‘Edit’” menu in ‘My Computer’ or “Windows Explorer’.

As illustrated in Figure 5-9, the ‘datalnixls file contains three worksheets: ‘Control’, ‘tabMair’ and
‘tabLorenz’.




Figure 5-9: The three worksheets of the ‘datalni.xls’ utility

The ‘Control’ worksheet contains the country code and three buctons {see Figure 5-1 5). In this worksheet the
World Bank country code has to be specified in cell C2 {for Ethiopia that is ‘eth’). A complete list of World
Bank country codes can be found in the “Nlames' table of the ‘initial. mbd’ database (see section 4.2.1).

Figure 5-10: The control worksheet of the ‘datalni.xls’ utility

From the three buttons on the Control worksheet, the ‘Append to Tab’ butron will be of most use. After
having arranged the necessary data in the two other worksheets properly (cfr. infra), you can click on that
button to initialize the model for the specified country and to add the dara for that country to the set of
already initialized countries.

The ‘Create New Tabs' butron deletes all formerly initialized countries from the PEDA application installed
on your computer and replaces them by the country for which the data have been prepared in the ‘datalni.
xls" uilivy. '

The third button, deletes the country for which the code is specified in cell C2 from the databases of the
installed version of PEDA.

‘The ‘tabMain’ worksheet is designed to contain all the necessary demographic baseline data needed to initialize
the model fora new country. One will have to arrange and copy all the bascline data from the Excel spreadsheets
wherein the preparation of the data has been done into this worksheet following the format described in Table
5-2. For the ‘datalnixls’ utility to work properly, none of the content other than the ranges specified in the
table may be changed.




Table 5-2: The content of the ‘tabMain’ worksheet of the ‘datalni.xls’ utility

Range* Description

G6:N107 Female populatioh 'b'y age and state™

G109:N210 Male population by age and state**

G212:N313 Age-specific death rates {mx) by state, females

G315:N416 Age-specific death rates (mx) by state, males

G418:N438 Age-specific transition rates from the illiterate to the literate status by state, females™**
G440: N460 Age-specific transition rates from the illiterate to the literate status by state, males™*
G462:N499 Age-specific fertility rates (ASFR) by state

Column D Year to which the initial data apply

* In cach range name below, the row numbers may vary according to the number of age groups of the data.

** PEDA assumes that everybody is born in the illiterate status. Some of the states (1,2, 5 and 6) will thus not contain any person in the
first age groups.

*** Although the uscr can set an age specific pattern for the transition from illiterate to the literate status {i.e. the proportion of the cohort
that is expected to become literate at that particular age), the assumption can also be made thar everybody that is expected to become
literate will do so at the same age. As long as this is happening at a young age, this will not influence the projection results much. For the
literate states (1,2,5 and 6) no transition rates have to be set. These columns remain empty,

The ‘tabLorenz’ worksheet contains the food distribution functions for rural and urban areas separately with a
precision of one-percentage point intervals. In this worksheet only the values of the cell range D6:E106 may
be changed. Note that the format in which the food distribution function needs to be entered in PEDA is
not the one in which the Lorenz Curve is most often presented (see section 5.2). Column C stands for the
cumulative proportion of the population, ordered from most to least privileged in terms of their access to
food. In columns D and E, the cumulative share of the consumed food has to be specified for rural and urban
areas respectively. For example, for value 0.1 in column C, one would thus read in columns D and E the share
of the food that is consumed by the most privileged 10 percent of the population in rural and urban areas.

After all the initial data have been entered in both the ‘tabl.orenz’ and ‘tabMain’ worksheets, one can return to
the ‘Control’ worksheet and click on the ‘Append to Tab’ button to initialize PEDA for that country and add
the data to the existing databases. The PEDA application must be closed while doing so.

The next time the PEDA application is opened, the newly initialized country will appear in the list of
countries under the simulation button, However, the initialization is not yet complete at this stage. A baseline
scenario still needs to be defined and a number of other parameters of the model need to be adjusted. To start
implementing these last changes, the country has to be selected from the drop down list under the simulation
button, followed by clicking on the simulation button itself. In Table 5-3, the additional adjustments are
summarized that are the minimum requirement for completing the initialization and defining a baseline
scenario. In this example the baseline scenario is a constant rates scenario, i.e. a scenario wherein all parameter
and variable values are assumed to remain constant over the projection period. Note that these are the absolute
minimum requirements. Preferably, all variables and parameters should be evaluated and their values revised
if necessary.




Table 5-3: Minimum requirements to complete the initialization and to define a
(constant rates) baseline scenario

Location

General settings
and population
parameters, General
tab

Variable or parameter name *

Action

Initial year

By defauit it has value 1995. It has to be changed to the
year to which the initial data apply

Net food production in the initial
year {in daily per capita Kcal)

This value has to be looked up in the literature and
entered here, Note that it is the net production, thus after
deduction of the post-harvest losses.

Net food imports in the initial
year {in daily per capita Kcal)

This value has to be looked up in the literature and
entered here. Note that this is the net trade, i.e. imports
minus exports expressed in daily per capita calories.

Assumed minimum
consumption of Kcal per capita
to be food secure

As the minimum food requirements change under different
national conditions, this value has to be locked up in the
literature.

General settings

and population
parameters, Sub-
populations tab (for all
the necessary states)

TFR

The values of the TFR for the initial year, estimated in
section 5.5 have to be entered here as well as the year to
which the initial data apply. For a constant rates scenario,
one should keep the initial level of the TFR constant for
the subsequent data points.

Life expectancy (e0})

The e0 values by sex for the initial year, estimated in
section 5.4 have to be entered as well as the year to which
the initial data apply. For a constant rates scenario, one
should keep the value of e0 constant for the subsequent
data points.

Education

The educational transition rates need to be specified for
the illiterate states only. For a constant rates scenario, this
means the same values as those specified in the ‘tabMain’
of the ‘datalni.xis’ utility. Other, higher values may be
specified if there are reasons to assume improvements in
the access to education in the medium term.

Dynamic parameter
settings

AIDS morbidity

By default, the value for this scenario variable is 0, though
the user can incorporate the impact of HIV/AIDS into

the baseline scenario through defining the proportion

of adults being sick due to an HIV/AIDS related illness.
See sections 2.7 and 3.1.3 for more details on setting
consistent scenarios that incorporate HIV/AIDS.

Water

The value of the water scenario variable should be defined
in such a way that it reflects the situation of the initial year
with respect to the position on the water saturation curve.

Loss in transport/storage

For the initial year, one has to give an estimate of the
proportion of the production that is lost during the harvest,
storage, transport and processing of food as well as the
share of the production that is used as seeds for the next
cropping season. This figure is used to determine the
gross production in the initial year. That gross production
is eventually used as a basis for the calculation of the
agricultural production in the following years of the
projection period.




Location

Variable or paahéter name *

Action

Excel spreadsheets,
‘NDScen’ worksheet
(See section 4.3

for instructions to
go beyond the user
Interface)

Year range of the projection
period for the dynamic
parameter settings

In cell EB, the year to which the initial data apply has to be
specified. The range F6:DES, is reserved for the following
years of the projection period and these need to be
adjusted accordingly

Excel spreadsheets
‘Params?’ worksheet

Water saturation curve
parameter 1,2

In celis G18 and G19, two water saturation curve
parameters should be defined (see section 2.4 and section
4.3.2).

*See section 3.1 for more détails on the meaning of these parameters and variables.

Once the values of these parameters have been changed, the -constant rates- baseline scenario can be saved
from within the user interface. Additional changes to scenario variables or model parameters can be easily
implemented at a later stage and saved under a different scenario name. The instructions listed above only
apply to the absolute minimum requirements for the initialization of PEDA for a new country.
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Annex |: Deleting scenarios and projection
results

In the current version, the PEDA model does not foresee an automated deletion of scenarios and projection
results from the databases. If the user wants to delete any of these two, it must be done directly from the
Microsoft Access files using standard database techniques.

Deleting scenarios, and especially the results of simulations may be desirable to regain disc space. Storing the
outputs for one simulation may easily expand the size of the database by 1MB.

The user has the option to delete only the simulation results and keep the scenario definitions, or, to delete
both. To delete the simulation results, one has to open the ‘projection.mbd’ database (see section 4.2.1 and
Figure 4-8). In this database there are two tables that need to be manipulated: ‘Scenaric’ and ‘Tablel’ In
both tables, the scenario(s) to be erased must be selected and deleted {using a query or any other database
technique). This procedure erases the output of the simulations for the specified scenarios but keeps the
scenario definitions intact. This means thar, if necessary, new projections could be carried out again for the
same scenario(s).

To delete the scenario definitions as well, they have to be deleted in an analogous way from the scenario
darabase (‘scen.mdb’, see Figure 4-5, p.52). This database consists of four tables, and the records for the
redundant scenario(s) need to be filtered out and deleted for each of these tables.




Annex 2: Using Spline for interpolating the
population age structure

The PEDA CD-ROM comes with a Spline utility developed by S. Scherbov that can be used to interpolate the
population age structure as well as to smooth numerous other curves. A lot of literature on Splines is available
both in mathematical textbooks and on the Internet. Here, we will illustrate the use of this particular udility
to smooth the population age strucrure.

‘The Spline utility comes as a separate installation package on the CD-ROM that has to be installed on the
computer following standard Windows procedures.

Figure 6-1:The SplineProject program folder

-A\Program Files\5plineProject

SplineProject... StBunstlog

Str_b.exe STR_E

The installation package does not automatically add the Spline utility to the Start menu. It has to be opened
from the programs folder. The folder is called SplineProject and its content is illustrated in Figure 6-1. Double
click on the ‘splinePxls’ file to start the uriliry.

The Spline utility is an Excel file containing macros. To use it, you need to enable the use of macros when
opening the file. The file contains two worksheets: ‘input’ and ‘output’ (see Figure 6-2).
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Figure 6-2: the SplineProject utility input worksheet
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In row 7, the age groups are specified, and in row 8 the population effective for the five-year age group
intervals, By clicking on the ‘Graduate’ button, the population effectives are graduated over the interval for
which the upper limit is specified in row 7 of the following column. For the first effective (cell B8 in Figure
6-2), this means that the total population (3,333,333) is distributed over the ages 1 through 5. Similarly the
effective of cell C8 is distributed over the ages 6 through 10. This logic also implies that we have to specify an
upper limit for the interpolation of the last effecrive.

Note that this does not necessarily have to be the same (age) interval as the ones used in the previous groups.
In the example in Figure 6-4, 95 is specified as the upper age limit, meaning that the effective from cell R8 will
be graduated over the ages 81-95. Note that this is an interesting feature to extend the population distribution
to the desired age because population distributions are often closed with an open category (e.g. 80+) and that
is not always the desired age group for projection purposes. However, this extension of the age distribution is
not unlimited. It is only possible to the extent that Spline returns positive values as outpur.

Note that this Spline urility can manage the graduation of up to 30 distributions simultaneously. In Figure
6-2 only one distribution is given as an input. More distributions could have been listed from row 9 through
37. Column A is reserved for indexing the different distributions.

Figure 6-3: Specifying the input in the Spline utility
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The outpur is presented by single years of age in the ‘Outpuc’ worksheet. This is illustrated in Figure 6-4.

Figure 6-4: The output of the Spline utility
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A comparison of the originai and interpolated data points is given in Figure 6-5.

Figure 6-5: Spline interpolation of a (fictive) population age distribution
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Note that this Spline urility can also interpolate other than population distributions, although one limitation
is that it works with large numbers (since it was developed for interpolating population distributions). One
way around this, and to use it for smaller numbers is to multiply the original data points first by a big number
and divide the outpurt again by the same number.






