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I. THE ETHIOPIAN �POPULATION-
ENVIRONMENT-AGRICULTURE NEXUS�: 
BEYOND THE THRESHOLD OF  
A SUSTAINABLE LIVELIHOOD? 

 
Over the last couple of decades, Ethiopia has been the subject of many headlines 
reporting recurrent war and famine. Although the latter is often caused by factors 
that cannot be modeled by the Population, Environment, Development and 
Agriculture (PEDA) Model, it is capable of illustrating the fragile equilibrium 
between population growth, environmental stress and the performance of the 
agricultural sector that serves as the context wherein these tragedies take place. In 
these situations, there are often only slight disturbances caused by a period of 
reduced rainfall or isolation resulting from conflicts or a malfunctioning 
distribution system that lead to acute food-security problems. In the case of 
Ethiopia, they have occasionally grown to catastrophic proportions. 
 
Speaking of equilibrium when describing the population-environment-agriculture 
nexus in Ethiopia is, however, optimistic. The country is facing structural problems 
in all three sectors, and they are often reinforcing each other. The scope of the 
problem is captured in the fact that about 50 to 60 per cent of the population is 
considered to be chronically food insecure (Befekadu & Berhanu, 2000: 176).  
More than half of Ethiopian children under the age of five are stunted and more 
than one in four severely stunted. Eleven per cent are moderately wasted and one 
per cent are severely wasted (CSA/Macro International, 2000: 17).  
 
As in many African countries, Ethiopia's population is growing fast. It is only since 
the early 1990s that fertility started declining from rates above 7.5 on the national 
level. Combined with slight improvements in the control of mortality since the 
1960s, high fertility is responsible for population growth rates of up to 3 per cent 
annually. Around 85 per cent of the estimated 65 million inhabitants live in rural 
areas, most of them concentrated in the northern and central highlands (CSA, 
1999). 

 
According to the official national medium variant population projections, the 
population will more than double by the year 2030, implying an average growth 
rate of around 2.43 per cent (CSA, 1999: 343). Even under this �favourable� 
scenario that assumes a steep decline in fertility to 3.32 by 2030, population 
growth will continue to exert serious pressure on the environment and will remain 
an enormous challenge to agriculture.  

 
Although these data are usually difficult to get hold of, the fragmentary 
information presented below suggests that environmental degradation, whether 
through deforestation, soil erosion or the depletion of soil nutrients, will be one of 
the major constraints to a sustainable livelihood for most of those living in rural 
areas.  Over the last century, the land covered by forests has gone down from 
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approximately 40 to 3 per cent1. In the early 1990s, the annual rate of deforestation 
was estimated at 88,000ha per year while the rate at which this loss is being 
replaced through afforestation is estimated at 6,000ha a year (TGE-OPM, 1993: 7).  
The causes are related to the expansion of settlements and agriculture, and the use 
of fuel wood as a primary source of energy. One estimate regarding soil erosion 
states that by 2010, 18 per cent of the highlands will not be suitable for sustained 
farming. In addition to the cropping pattern and techniques, the nature of the 
terrain and the intensity of rainfall in peak periods are two important factors that 
contribute to soil erosion. About one third of the highlands has a slope exceeding 
30 per cent, making it susceptible to soil erosion once the vegetation is removed. In 
addition, land degradation is exacerbated by centuries of crop production without 
fertilizer use or any other investment in land conservation. Crop residues are used 
for feeding cattle and animal manure is used for fuel instead of putting it back on 
the land. Not surprisingly, these practices have resulted in the net outflow of vital 
nutrients, and the reduction of the soil�s capacity for moisture retention (Befekadu 
& Berhanu, 2000: 180). 
 
The situation described above is particularly worrying since agriculture is, and will 
remain for a long time, the mainstay of the Ethiopian economy. The share of 
agriculture in the country�s GDP is around 51 per cent (Befekadu & Berhanu, 
2000: 155); It provides employment for 85 per cent of the population, generates up 
to 90 per cent of the export earnings and is also the main supplier of raw materials 
for the manufacturing sector (Dejene, 2000: 13). Despite its prominent position in 
the Ethiopian economy, the prospects for the performance of the agricultural sector 
are constrained by environmental problems, diminishing farm sizes, low tenure 
security, imperfect agricultural markets (partly due to a lack of infrastructure), and 
a weak agricultural research base and extension system (Befekadu & Berhanu, 
2000: 177-195). Many of these constraints that farmers face act together, 
condemning them to subsistence agriculture, and consequently limiting 
investments in land and exacerbating land degradation.  

 
Agricultural land in Ethiopia is managed on the communal level and farmers do 
not have the right of private ownership. Throughout history, agricultural land has 
been redistributed frequently, thereby often reducing farm sizes. The need to 
accommodate an increasing population has required many local authorities, 
particularly in the northern highlands, to distribute grazing land for farming, 
thereby seriously reducing the already insufficient animal fodder (Befekadu & 
Berhanu, 2000: 199). 
 
The average farm size on the national level is 1 ha per household, but 62 per cent 
of the households cultivate less than that. On these small plots, subsistence and 
survival agriculture is the primary concern. All income, both from farm and non-
farm activities, is invested in food. There simply is no surplus for investment in 
land conservation or agricultural intensification (Befekadu & Berhanu, 2000: 178-
179). In the mid-1990s, only 4.6 per cent of the arable land was irrigated (UNDP, 
1998: 69), less than 2 per cent of the farmers were reported to use improved seeds 
                                                           
1  Other sources are somewhat more optimistic, reporting that in 1995 around 6.9 per cent of the 

1.11 millions Km² land area was covered by forests and woodland (UNDP, 1998: 69).   
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(Befekadu & Berhanu, 2000: 184), and fertilizer use was situated around 7 kg of 
nutrient per hectare of arable land compared to an average of 9 kg for sub-Saharan 
Africa and 65 kg for the world. (Dejene, 2000: 14). These limited technological 
inputs make agricultural production very susceptible to fluctuations in rainfall.  

 
In addition to all other constraints, many farmers have little incentive to produce an 
agricultural surplus, since markets to sell their goods are inaccessible. Around 
three quarters of the farms are more than half a day walk from an all-weather road. 
Farmers� produce must be carried long distances by pack animals or by humans to 
a location where buyers are found (Befekadu & Berhanu, 2000: 189).  

 
Although disturbed by recurrent conflict and war over the last decades, the per 
capita agricultural production, on average, declined at a dramatic rate of 1.15 per 
cent a year between 1970 and 2000. Over the last decade, the per capita food 
production has declined at a somewhat slower pace of 0.64 per cent per year 
(FAO/WFP, 2001: 3). Considered in isolation, these figures are definitely in 
support of a Malthusian disaster scenario. However, improved economic 
management, currency and trade liberalization, and grain and agricultural input 
liberalization are considered to be important factors that contributed to an average 
economic growth rate of 6.5 per cent while inflation was kept under 4 per cent 
between 1993 and 1998. A period of favourable rainfall in the mid-1990s definitely 
added to this impressive growth in GDP, but once again, war, a multi-year drought 
and also the increased burden of HIV/AIDS virtually stalled economic growth in 
the last two years (FAO/WFP, 2001: 3).  

 
The fast economic growth rates observed in the mid-1990s definitely indicate that a 
doom scenario of declining per capita production, increasing poverty and food 
insecurity is not inevitable, but it needs, as will be illustrated by the PEDA 
simulations, a concerted and sustained effort in multiple sectors of the society and 
economy.  

 
 
 

II. THE POLICY RESPONSE 
 
The Ethiopian Government is aware of the challenges posed by the negative 
interactions between demographic, environmental and agricultural variables. In 
1993, just after the downfall of the military socialist regime, it recognized that �� 
demographic and developmental factors reinforce each other. High fertility and 
rapid population growth exert negative influences on economic and social 
development and low levels of economic and social development provide the 
climate favouring high fertility and hence rapid population growth. Because of an 
unholy combination of these forces, Ethiopia finds herself in a vicious circle of 
failure and defeatism� (TGE-OPM, 1993: 24-25). To tackle these problems, the 
Government committed itself to holistic planning and even established a 
multidisciplinary office within the Office of the Prime Minister, and a National 
Population Council that is composed of members from various ministries.  
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Among the general objectives of the National Population Policy are (TGE-OPM, 
1993: 24-25):  

 
• Closing the gap between high population growth (TFR of 4.0 by 2015) 

and low economic productivity through  planned reduction of population 
growth and increasing economic returns; 

• Reducing the rate of rural-urban migration; 
• Maintaining and improving the carrying capacity of the environment; 
• Raising the economic and social status of women and other vulnerable 

groups. 
 

The current agricultural development strategy of the Government is known as the 
Agricultural Development-Led Industrialization (ADLI). This strategy gives high 
priority to smallholder farmers in terms of provision of incentive packages and 
technologies for increased agricultural productivity. (Dejene, 2000: 13). As a 
result, fertilizer use has increased in the last couple of years, but because of high 
prices (due to the removal of subsidies in 1997) and a poor distribution and credit 
system, still 40 per cent of the fertilizer made available remained unsold in 1996-
1997 (Befekadu & Berhanu, 2000:192). Fertilizers use well below the planned 
quantity, remains a constraint to agricultural intensification up to the present 
moment (FAO/WFP, 2001: 8) 
 
In 1997, the Ethiopian Government also approved an environmental policy that is 
cross-sectoral, integrative, supports decentralized initiatives, and that proposes a 
legislative framework and a monitoring and evaluation system (Dejene, 2000: 23-
24). 
 
The Ethiopian Government is thus clearly aware of the vicious circle of increasing 
poverty, environmental degradation and decreasing agricultural outputs. It has 
developed policies to break out of it, and even made institutional reforms to 
support them. However, relatively little quantitative objectives have been 
formulated, and evidence of the performance of the agricultural sector and 
economy do not give a clear indication that the implementation of these policies 
will be sufficient to revert the current negative development path.  
 
 
 
III. PEDA APPLIED TO ETHIOPIA 
 
In considering the outcomes of the PEDA application for Ethiopia, one must be 
aware that the customization of PEDA to reflect country-specific features is not 
exhaustive. To estimate agricultural outputs, for example, the model mainly relies 
on a generic agricultural production function for Africa2. Consequently the 
projection results are to be seen as indicative and could still be improved upon. 
Aspects of the current application of PEDA for Ethiopia that are subject for 

                                                           
2  For more details on the agricultural production function and other technical aspects of 

the PEDA model, see PEDA Technical Manual, FSSDD, ECA 2001, Addis Ababa. 
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revision include the definition of the food distribution function, the elasticities of 
the agricultural production function, the water saturation curve, and the parameters 
of the land module. 

 
In preparing the baseline data for Ethiopia and a baseline scenario for making 
projections, we have relied as far as possible, on observed data for the country, and 
on time-series, and linearly extended them into the future. However, some data are 
simply not available or are very difficult to get hold of (e.g. life expectancy by 
place of residence, literacy and food security status). In these cases, we have made 
estimates; usually on the optimistic side. 
 
 
 
IV. THE BASELINE DATA AND THE BASELINE 

SCENARIO FOR PEDA ETHIOPIA  
 
A. The demographic baseline data 

 
The total population by single years of age and sex as well as the age-specific 
fertility and mortality schedules for each of the eight states have been prepared 
following the procedures illustrated in the PEDA Technical Manual (FSSDD, 
2001). The data come from the 1994 Population and Housing Census (CSA, 1999). 
Since disaggregated information on fertility and mortality for each of the eight 
states is not always available, some estimation procedures had to be followed. In 
making these estimates, it was always verified that the disaggregated values were 
consistent with the observed or reported aggregated figures.  

 
B. The food distribution curve 
 
The food distribution functions for urban and rural areas are prepared following the 
procedures illustrated in the PEDA Technical Manual, this time using household 
expenditure data published by the World Bank (1997). At the time of the 
initialization of PEDA for Ethiopia, no household expenditure data were available. 
Therefore, we used data for Uganda as a proxy. Together with the food availability 
in a country, the food distribution curves are very important in determining the 
proportion of the population that will be food insecure. In our case, the estimate of 
the share of the population that is food insecure for the initial year of the 
projections is around 65 per cent, somewhat higher than the figures often cited for 
Ethiopia.  
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C. General settings and model parameters 
 

Table 1: General settings and model parameters 

Parameter Value 
Initial year 1995 

Comments 

End of the 
projection period 

2030 To present the long-term dynamics, the projections are 
sometimes extended to 2050. The fertility and life 
expectancy assumptions (cfr. infra) are in these cases 
assumed to remain constant after 2030.  

Production of 
Kcal per capita in 
the initial year 

1756.8 This figure refers to the net daily per capita production in 
the initial year. In addition to the production, the model also 
accounts for the net imports to calculate the net food 
availability in the initial year.  
On the ANDI website, 1830 is reported as the average (net) 
supply of Kcal per capita for the period 1995-1997. 
Although other sources report lower figures for the daily per 
capita supply in 1995 (e.g. 1750 in UNDP, 1998: 68 and 
1727 in the FAOSTAT database), we have chosen to use 
the most optimistic figure. 
Between 1980 and 1998, food imports accounted on 
average for 11.8 per cent of the gross available food, with 
extremes falling as low as 4.8 per cent and as high as 18.3 
per cent (Dejene, 2000:17). Depending on the sources 
used, the data on the food imports (including food aid) vary 
greatly. Dejene (2000: 17) reports the share of net food 
imports for the year 1994/1995 as 14 per cent. In the FAO 
food balance sheets, (net) food imports in 1995 accounted 
for only 4 per cent of the total available food for 
consumption (FAOSTAT website). Given our philosophy to 
present an optimistic baseline scenario for the food security 
situation, we will assume that only 4 per cent of the total 
food supply in 1995 was imported. The 4 per cent of net 
food imports stood for around 620,000 tons of food. WFP 
reports that for 1995 652,000 tons of food was delivered to 
Ethiopia as food aid alone (WFP website). Our estimates of 
food deficits and imports are therefore likely to be on the 
conservative side.  

Assumed 
minimum 
consumption of 
daily kcal per 
capita in order to 
be food secure 

1700 Values with respect to the minimum and desirable daily per 
capita energy intake for Ethiopia vary between 1700 and 
2100 kcal. The former was used as a threshold below 
which relief aid was distributed.  2100 kcal is the nationally 
recommended minimum (Dejene, 2000: 15). 

Land 
degradation 
impact factor 

0.03 Since no reliable empirical information is available with 
respect to the impact of population pressure on land 
resources, estimates of the respective parameters were 
made that would result in an expansion of the productivity 
of land resources of 1.9 per cent by 2005.  Again, this is a 
rather optimistic scenario since the possibilities for land 
expansion under rain-fed agriculture are not very high and 
that new land brought under cultivation may be offset or 
even outstripped by land degradation (Befekadu & 
Berhanu, 2000: 146). The values of the parameters of the 
land module in the baseline scenario for PEDA-Ethiopia are 
gamma=0.03, eta= 4, a=0.0175. 
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Parameter Value 
Initial year 1995 

Comments 

Proportion of 
cohort moving to 
cities 

0.06 In the census of 1994, 4 per cent of the population are 
reported to have moved from rural to urban areas over their 
lifetime (CSA, 1999: 196). In the case of PEDA-Ethiopia, 
we have chosen a slightly higher figure in the baseline 
scenario. Given the lower fertility rates in urban areas, this 
scenario would more or less result in a status quo of the 
proportion living in rural and urban areas.  

 
D. Sub-population parameters 
 
The TFR and life expectancy values for each of the eight states have been 
estimated following the procedures described in the PEDA Technical Manual. This 
is done in such a way that the nested values are consistent with the aggregated 
values reported in the census monograph (CSA, 1999). Under the baseline scenario 
we make similar assumptions as those made by the Central Statistical Authority for 
their medium variant population projections. These include a steep decline in 
fertility and an important increase in life expectancy (see table 3 for more details).  

 
According to the 1994 census (CSA, 1999: 85) only 23.3 per cent of the population 
was considered literate3. As is illustrated in table 2, the discrepancies between 
males and females, and especially between urban and rural areas are considerable. 
Under the baseline scenario (see table 3), we assume not only that enrollement 
rates will increase rapidly, but also that the gender gap will be significantly 
reduced. In urban areas, we assume that 95 per cent of all children will make the 
transition from illiterate to literate status. In rural areas, we assume that 60 per cent 
of the boys and 55 per cent of the girls will enter school and become literate. Since 
education is treated statically in the PEDA model, these transition rates will be 
applied from the first year of the projection period. Again, these are very optimistic 
scenario assumptions as the gross enrollement rates increased by only 25 and 20 
percentage points for boys and girls respectively between 1970 and 1996 
(UNESCO website).  

                                                           
3  This figure is much lower than the 35 per cent reported by UNESCO for 1995 (UNESCO 

website). 
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Table 2: A description of the fertility, mortality and literacy  
conditions in 1995 

e0 Percentage literate  
TFR  

Males Females Males Females 
St1 4.28 60.4 64.7   

St2 4.28 55.8 59.8   

St3 4.83 53.5 57.5 77.4 60.6 

St4 4.83 49.4 53.8 77.4 60.6 

St5 5.97 56.6 59.5   

St6 6.86 52.4 55.1   

St7 6.73 50.3 53.0 21.8 8.6 

St8 7.74 46.6 49.0 21.8 8.6 

Aggregate 6.74 50.0 51.6   
 

Table 3: Fertility, mortality and literacy assumptions under the baseline 
scenario (by 2030) 

e0 Educational transition rates  TFR  
Males Females Males Females 

St1 2.28 79.9 84.8   

St2 2.28 73.7 78.4   

St3 2.58 70.8 75.4 95.0 95.0 

St4 2.58 65.3 69.7 95.0 95.0 

St5 3.18 74.8 78.0   

St6 3.66 69.3 72.2   

St7 3.59 66.5 69.4 60.0 55.0 

St8 4.13 61.6 64.2 60.0 55.0 

Aggregate 3.51 65.0 68.0   

 
 
E. HIV/AIDS 
 
The first cases of AIDS in Ethiopia were reported in the mid-1980s. By 1989, the 
adult HIV prevalence rate (ages 15 and older) was estimated to be around 1 per 
cent. In the 1990s, prevalence rates grew fast, to 3.2 per cent in 1993 and 7.4 per 
cent in 1997. Large discrepancies still exist between rural and urban areas. In the 
former, the adult prevalence rate was believed to be around 4.5 per cent in 1997, 
and for urban areas around 17 per cent (MoH, 1998: 5). Conservative official 
estimates are that prevalence rates will increase to 9 per cent by 2006 and will 
stabilize at that level (MoH, 1998: 16).  
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Reporting on the prevalence between the ages 15-494, the UNAIDS estimate for 
the end of 1997 was 9.3 per cent (UNAIDS, 1998:3). By the end of 1999, that 
figure had increased to 10.6 per cent. This means that around 3 million adults and 
children are living with HIV/AIDS in Ethiopia. In 1999 alone, around 280,000 
people would have died from AIDS-related illnesses (UNAIDS, 2000: 3).  
 
For several technical reasons, PEDA works with HIV/AIDS morbidity rates. 
Because the symptomatic period (1-3 years) is much shorter than the incubation 
period (5-10 years), morbidity rates tend to be less than a third of the adult (15-49) 
prevalence rates. Given an estimate of a prevalence rate of 5.5 per cent for the 
population aged 15-49 in 1995, we would reach a morbidity rate of 1.1 if we 
consider the morbidity rate to be one fifth of the prevalence rate. This value is used 
as an input to reflect the conditions in the initial year of the projections.  
 
In the baseline scenario, this HIV/AIDS morbidity level is assumed to remain 
constant. Because only relative increases in the HIV/AIDS morbidity levels from 
one year to another are used to calculate a reduction in the productivity of the 
labour force, the impact of HIV/AIDS in the baseline scenario is therefore assumed 
to remain constant at the 1995 level as well. Note that the purely demographic 
impact of HIV/AIDS through excess mortality is mainly manipulated by setting the 
life expectancy levels (see FSSDD, 2001, for more details on the treatment of 
HIV/AIDS in PEDA). It must be stressed that these are unrealistically optimistic 
baseline scenario assumptions. 

 
F. Other scenario variables affecting food production and supply 
 
Net food imports 

For the initial year, the net food imports were determined to be 4 per cent of the 
domestically produced food or 620,000 tons (cfr. supra). Under the baseline 
scenario we assume that food imports will increase by 2 per cent a year, reaching a 
level of approximately 1,240,000 tons annually by the year 2030.  
 
Post-harvest losses 

The agricultural production function in PEDA calculates the gross agricultural 
production. To determine the net food supply to the population, assumptions need 
to be made about post-harvest losses and net imports. The post-harvest losses, - 
including the deduction of the produce that is used as seeds for the next season - in 
Ethiopia are estimated at 15 per cent of the production (Dejene, 2000: 17). 
Although these figures may be even higher in years of good yields because the on-
farm storage capacity is limited and crop protection chemicals are not available 
(FAO/WFP, 1996:2), the baseline scenario assumes a slight reduction of post-
harvest losses of 1 per cent a year.   

 

                                                           
4  This is the new standardized definition of adult HIV prevalence adopted by UNAIDS. The values 

are usually higher than for the 15+ definition. Based on the data reported for 1997 by the Ministry 
of Health (MoH, old definition) and UNAIDS (new definition), we assume that the prevalence 
rates of the population aged 15-49 is 1.5 per cent higher than that of the population of 15 years 
and older.  
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Water 

For the initial year data, the user has to determine how favourable water conditions 
were for agriculture, i.e. the position on the water saturation curve. To do so, we 
relied on rainfall time series during the two main cropping seasons (�belg� and 
�meher�) for the period 1992-1999 (Tucker, 2000), and on food production 
assessments in the same period. In FAO/WFP, reports the year 1996 (harvest 1996-
1997) is considered to be exceptionally good, �a bumper crop� (FAO/WFP, 1996).  
The value of water scenario variable for the year 1996 is thus set to be equal to 1, 
i.e. the figure describing optimal water conditions for agricultural production. Once 
the optimal value of rainfall for agriculture is determined, the values of the water 
scenario can be determined accordingly.  For the baseline scenario, the observed 
rainfall pattern during the cropping seasons is used for the period 1995-1999. From 
the year 2000 onwards, the observed rainfall pattern for 1992-1999 is repeated. 
Since that period was characterised by relatively favourable rainfall conditions, the 
baseline water scenario settings are again of an optimistic nature.  

 
Irrigation 

The share of irrigated agriculture in Ethiopia is very low. According to UNDP 
(1998), only 4.5 per cent of the arable land (or 23,000 km²) is irrigated. In the 
FAOSTAT database, no significant increase in irrigated land is recorded since 
1993. Under the baseline scenario, we nevertheless assume an annual increase in 
irrigated land of 1 per cent. 

 
Fertilizer use 

Following efforts of the current government to expand the National Extension 
Programme, fertilizer use in the mid-1990s increased rapidly at times but its 
application fluctuates a lot. From one year to another fertilizer use increased by 5 
per cent in 1996 (FAO/WFP, 1996), decreased by 20 per cent in 1997 (FAO/WFP, 
1997), increased by 27 per cent in 1998 (FAO/WFP, 1998) and increased by 2.6 
per cent in 1999 (FAO/WFP, 2000). The important reduction in fertilizer use in 
1997 was caused by the removal of subsidies and credit restrictions. It is thus 
difficult to forecast how future fertilizer use will evolve. In the baseline scenario, 
we assume a steady increase in fertilizer use of 5 per cent a year.  If only 7kg of 
nutrients per ha of arable land were used in 1995, this means it would increase to 
almost 40kg by 2030. 

 
Machinery use 

Little data are available on machinery use in the Ethiopian agriculture. Due to the 
small plot size, the abundance of manual labour and the relatively high cost of 
machinery, it is virtually non-existent outside commercial or state farms. 
According to the FAOSTAT database, only 3,000 tractors were in use in the early 
1990s and this figure would not have changed since. In the baseline scenario, we 
assume that machinery use will increase by 0.5 per cent a year.    

 
Technical education of the workforce 

In addition to the literacy of the labour force, the agricultural production function 
also takes the technical education of the workforce into account. This covers a 
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variety of skills directly related to agricultural production techniques and may be 
improved through governmental extension services and activities of NGOs. It is, 
however, difficult to obtain empirical data on this issue. A project of the 1980s 
known as the Peasant Agricultural Development Programme (PADEP) that 
included a training and visit approach, was not considered a big success. A new 
system of agricultural extension, known as the Participatory Demonstration and 
Training Extension System (PADETTES) was launched by the current government 
in 1994/1995. The system includes a training component and the application of a 
package of fertilizer, improved seeds and pesticides. The objective for the 
1997/1998 season was to reach 2.9 million participants. Although the Government 
has given the programme high priority, is not very clear whether the objectives 
have been reached. Problems faced in the implementation of the programme are 
related to the increasing prices of these packages following the removal of 
subsidies in 1997, the limited financial capacity of farmers, decreasing farm sizes, 
and also the required moisture level for the seeds and fertilizers to generate an 
improved production. They thus increase the risk of failure under high rainfall 
variability as is the case in most parts of the country (Befekadu & Berhanu, 2000: 
185-186).  

 
The baseline scenario assumes that the level of technical education of the 
agricultural labour force will increase at an annual rate of 1.5 per cent.  

 
Urban bias factor 

In the baseline scenario, we do not assume any urban or rural bias. Food is 
distributed proportionally to the quantity of people living in rural and urban areas.  
 
G. Other adjustments made to the default settings of PEDA for 

the application to Ethiopia 
 
Other adjustments made to the default settings of the PEDA model in the 
application to Ethiopia are the reduction of the elasticity of the size of the labour 
force in the agricultural production function and the manipulation of the water 
saturation curve.  

 
Depending on the amount and timing of rainfall, agricultural production in 
Ethiopia can easily go up or down by 20 to 30 per cent. The default water 
saturation curve was not able to capture this responsiveness of the agricultural 
outputs to the fluctuations in the rainfall pattern. The water saturation curve was 
therefore changed to make the agricultural production much more of a linear 
function of the quantity of rainfall. Note that a different shape of the water 
saturation curve may strongly influence the year-to-year fluctuations in agricultural 
outputs, but it does not really influence the medium- to long-term pattern dynamics 
very much.  
 
The agricultural production function that is by default used in PEDA attributes a 
relatively big elasticity of the growth of the rural labour force on agricultural 
outputs. Such an agricultural production function would be suitable to describe a 
situation where a growing population could move into previously unused land to 
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increase production. However, as it has been argued earlier, the potential for 
cropland expansion is very limited in Ethiopia and a growing workforce would not 
necessarily result in increased production. We therefore reduced the elasticity of 
labour in the agricultural production function from 0.534 to 0.2, thereby giving the 
general educational level of the population more weight than the size of the 
workforce itself.  

 
 
V. SIMULATION RESULTS FOR THE 

BASELINE SCENARIO 
 
While presenting the assumptions for the baseline scenario, we mentioned that we 
have chosen rather optimistic values. The moment has now come to verify whether 
the projection results are equally optimistic. The answer is ambivalent. As 
mentioned earlier in this paper, per capita food production in Ethiopia declined in 
the 1990s on average by 0.64 per cent a year. For illustrative purposes, this linear 
trend is extended in figure 1 throughout the projection period. Not considering the 
year-by-year variations in per capita production that are caused by fluctuations in 
rainfall, our projections for the next 25 years present a slightly more positive 
image.  Nevertheless, the overall tendency of per capita agricultural production 
continues to decline at an alarming rate. Even under all good conditions elaborated 
upon above, the per capita agricultural production by the end of the projection 
period will be less than 80 per cent of what it was in 1995. In that sense, the 
prospects under our optimistic baseline scenario are still very poor.  
 
Similarly, the proportion that is food insecure in the population is expected to 
increase over the projection period by almost 10 per cent. In addition to food 
production and population growth, this output variable also reflects changes in 
post-harvest losses and changes in the net import of food. Our positive assumptions 
in this regard are not capable of solving the food security problem in the country. It 
seems as if the population-environment-agriculture nexus in Ethiopia has fallen 
below the threshold of sustainability. To give one more example: under the 
conditions summarized in the baseline scenario, it is estimated that food imports 
will have to increase by more than 7 per cent annually in order to stabilize the 
proportion of food-insecure people in the country. This figure is almost three times 
higher than the current population growth rate.  
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Figure 1: The evolution of the per capita food production and the % food 
insecure population under the baseline scenario 
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Underlying this negative tendency in the per capita food production is the 
degradation of the natural resources stock. PEDA assumes that a fast growing 
population contributes to increasing land degradation, and land is precisely one of 
the important production factors. Particularly the rural illiterate and food-insecure 
segment of the population is expected to deplete natural resources in their quest for 
survival. In our projections the total population is expected to double by 2030, and 
despite all our assumptions regarding improvement in the literacy rates, decreasing 
fertility and increased inputs in agriculture, the rural food-insecure segment of the 
population is expected to grow the fastest (more than double by 2030). As a result, 
the land stock is estimated to maintain only 86 per cent of its productive capacity 
by the year 2030 (see table 5).  
 
 
VI. OTHER SCENARIOS: HIV/AIDS, DROUGHT 

AND MIGRATION 
 
Let now turn to a less optimistic scenario, one where HIV/AIDS is playing a more 
prominent role. To ease our task, we will assume that HIV prevalence rates will be 
similar in rural and urban areas, and to correct for the overestimation of prevalence 
in rural areas, we will use a relatively conservative estimate of the evolution of the 
pandemic in Ethiopia. We assume that AIDS morbidity levels will rapidly increase 
in the second half of the 1990s to reach 2 per cent by the year 2000 (this stands for 
an adult HIV prevalence rate of around 10 per cent). After that, morbidity levels 
will be around 2.15 per cent for the next decade and then start declining gradually. 
Life expectancy assumptions have been modified to be around 10 years lower by 
the year 2030 compared to a situation without AIDS.  
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Although, there exist a number of studies that point at the socio-economic impact 
of HIV/AIDS (see for example Stover & Bollinger, 1999 and Bollinger et al., 
1999), none of them arrive at quantifying the nation-wide impact of HIV/AIDS on 
the different sectors of the economy and human development. Most of the effects 
reported result in reduction of the labour force, through excess mortality and 
morbidity, and reduction in household income. The latter is often an outcome of 
the reduction of the labour force itself, and the costs for medical treatment and 
funeral services. These two effects have many spin-offs. A reduction of the labour 
force means that it has to be compensated for by other family members (often 
children that are withdrawn from school), or that it leads to reduced labour inputs 
in agriculture. A reduction of the household income induces farmers to economize 
on the technological inputs in agriculture and land preservation, and even on the 
education of their children. Other often mentioned side effects of the HIV/AIDS 
pandemic are the cutback in qualified personnel such as teachers, and the reduction 
of the transfer of skills from one generation to another. The arguments summarized 
here justify the scenario assumptions presented in table 4, though their values 
remain relatively arbitrary because of a lack of more precise empirical information. 

 
For illustrative purposes, we have defined two other alternative scenarios in 
addition to the HIV/AIDS scenario. One scenario assumes two three-year periods 
of reduced rainfall and the second incorporates a higher rate of rural-urban 
migration. For these two scenarios, all the other assumptions are similar to the one 
of the baseline scenario (see table 4).  
 

Table 4: A comparison of the scenario assumptions of the baseline and 
HIV/AIDS scenario 

Scenario 
Indicator Baseline HIV/AIDS 

scenario 
Drought Migration 

HIV/AIDS 
morbidity 

Constant at 1.1% Peak at 2.18% 
in 2010 

* * 

Life 
expectancy 

See table 1 Reduction of 
10 years by 
2030 as 
compared to 
the scenario 
without 
HIV/AIDS 

* * 

Urban literacy 
transition rates 

95% for males 
95% for females 

90% for males 
85% for 
females 

* * 

Rural literacy 
transition rates 

60% for males 
55% for females 

40% for males 
35% for 
females 

* * 

Increase in the 
technical 
education of 
the labour 
force 

1.5% annually 0.9% annually * * 
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Scenario 
Indicator Baseline HIV/AIDS 

scenario 
Drought Migration 

Reduction in 
post- harvest 
losses 

1% annually 0.75 % 
annually 

* * 

Increase in 
fertilizer use 

5% annually 4% annually * * 

Increase in 
machinery use 

0.5% annually 0.4% annually * * 

Increase in 
irrigation 

1% annually 0.75% 
annually 

* * 

Land 
regeneration 
parameter 

0.0175 0.015 * * 

Water Values based on rainfall 
time series for the period 
1992-1999 

* Two three 
year 
periods of 
reduced 
rainfall 
(value 0.7 
for the 
water 
scenario 
variable) 

* 

Rural-urban 
migration 

6% of each rural cohort 
migrates 

* * 25% or each 
rural cohort 

migrates 
* Same assumptions as under the baseline scenario 
 
As could be expected, the prospects under the AIDS scenario are even worse than 
under the baseline scenario. In addition to the important human impact, the per 
capita food production will drop to less than three fourths of what it was in 1995. 
As a result, the share of the food insecure segment will increase to more than 75 
per cent of the population by 2030 (table 2). If our assumptions on the effect of the 
AIDS pandemic are correct, it will have a devastating effect on both the food 
security situation in the country and a number of other human development related 
variables. Although mostly a direct result of our scenario assumptions, both life 
expectancy and the literate life expectancy of the population is expected to be 
much lower than under the baseline scenario.  
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Table 5: Projection results for the baseline and alternative scenarios 

Scenario Indicator Year 
Baseline HIV Drought Migration 

2030 132.8 119.9 132.9 130.3 Total population 
2050 195.3 164.7 195.7 187.7 

2030 73.3 77.2 75.2 72.8 % Food insecure 
2050 93.7 98.0 98.1 83.4 

2030 66.5 55.9 66.4 67.0 Life expectancy 
2050 65.8 55.0 65.6 67.1 

2030 3.5 3.6 3.5 3.3 TFR 
2050 3.6 3.7 3.6 3.3 

2030 19.9 14.3 19.9 20.7 LLE (age 15+) 
2050 23.4 17.7 23.3 25.6 

2030 0.86 0.83 0.85 0.9 Land (R(t)) 
2050 0.49 0.51 0.48 0.61 

 
The projections for the other two scenarios also have results worth mentioning. 
Apart from the acute food security problems that arise during periods of reduced 
rainfall, drought has a long-term negative effect on the population-environment-
agricultural nexus that extends the period of the drought itself. This is, for example, 
illustrated in the value of the natural resources stock at the end of the projection 
period, which is lower than under the baseline scenario and has a higher proportion 
of the population that is food insecure (see table 5). The migration scenario, on the 
other hand, has perhaps unexpected positive results. Its gains are visible both in 
terms of the food security status of the population and in terms of the human 
development component. Increased migration facilitates a fertility decline, an 
increase in life expectancy and literate life expectancy, and also relieves the 
pressure on the natural resources stock. As suggested by PEDA, rural-urban 
migration should thus be considered as part of a policy strategy to tackle the food 
security problem in the country. Currently, the Government of Ethiopia considers 
internal migration as a problem rather than part of the solution to their 
development problems (cfr. supra). Increased rural-urban migration, of course, 
adds to the challenge of creating jobs for the migrants and with already high urban 
unemployment rates, this is not self evident.  

 
None of the scenarios presented so far are capable of reversing the vicious circle of 
high population growth, increasing environmental degradation and decreasing per 
capita agricultural outputs. Therefore, we have defined three other scenarios with 
the objective of getting an idea of the magnitude of the efforts that are required to 
break the negative development cycle in the case of Ethiopia.   
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VII. WHAT NEEDS TO BE DONE TO REVERT 
THE VICIOUS CIRCLE? 

 
All scenarios depart from the assumptions of the baseline scenario. The first entails 
increased technological inputs in agriculture. It assumes an annual increase in 
fertilizer use of 6 per cent, in machinery use of 1 per cent, in irrigation and 
technical education of 2 per cent. This means that by 2030, fertilizer use will be 
more than 7.5 times higher than in the initial year, that irrigation and technical 
education will double and that machinery use will be 1.5 times higher. The second 
scenario assumes almost universal education (95 per cent) in both urban and rural 
areas and a steeper fertility decline to reach a TFR or 2.4 by the year 2030. The 
third scenario combines the efforts in terms of the inputs in agriculture, education 
and fertility reduction.  
 
The projection results, presented in figure 2 in terms of the share of the population 
that is food insecure are clear. Only concerted efforts in the different sectors are 
likely to revert the negative vicious development cycle. Increased efforts in 
agricultural intensification or education and fertility alone, may be capable of 
improving the situation in the short run, but the proportion of the food insecure 
tends to increase again after 20 to 30 years.  
 

Figure 2: The evolution of the percentage food insecure under the baseline, 
technology, fertility- education, and combined scenarios 
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Although the presented scenario assumptions of the combined scenario may not be 
practically feasible or realistic (they, for example, do not include the potential 
negative consequences of HIV/AIDS), the PEDA projections clearly illustrate that 
a solution for the food security problem in Ethiopia is not likely to be found in one 
sector alone. The exact constellation of policies to solve the food security problem 
may be different, to include also migration, intensified industrialization and higher 
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food imports, but the important message underlying the projection results is that a 
single-sector solution is unlikely to be sustainable in the long-term, although the 
effect in the short run may be clearly positive.  

 
Another lesson to be learned from the PEDA projections is that time plays a crucial 
role:  the faster policies are implemented, the lower the efforts needed to revert the 
vicious circle.  To give only one example: in the �technology� scenario above, 
fertilizer use is assumed to increase at 6 per cent a year to reach a level that is more 
than 7.5 times higher by 2030 than in 1995. The same per capita agricultural 
outputs would be reached by 2030 if the fertilizer use would increase to only 5 
times the level of 1995 but under the condition that this increase would be 
implemented within the first 5 years of the projection period (after which the 
fertilizer use remains constant).  
 
 
VIII. CONCLUSION 
 
Ethiopia's recent past has been a succession of political turmoil and famine, its 
future, if different, will highly depend on the proper management of the 
population-environment-agriculture nexus. With the majority of the population 
already living on the edge of survival, the challenges are enormous. Reversing the 
vicious circle of fast population growth, environmental degradation and decreasing 
per capita agricultural production will require rapid response and concerted efforts 
in many sectors of society and the economy, and not only in those that directly 
affect agriculture.  

 
The Ethiopian Government is aware of the issues at stake and has developed 
policies and new institutions to tackle the development problems it is facing. After 
almost ten years of their formulation the time has come for evaluation and 
adjustment of the policies where necessary. Tools like PEDA could be useful to 
support the formulation of alternative policies, and also to assess and anticipate the 
effects of the proposed policy mix. To effectively use the PEDA model in such a 
manner, there remain a number of challenges to both scientists and policy makers. 
To open policies for evaluation, they should be accompanied by quantitative 
objectives and that requires a lot of political courage. On the other hand, it is the 
responsibility of scientists to further elaborate and specify the intricate interactions 
between demographic, socio-economic, environmental and agricultural variables to 
feed into models like PEDA and to make them better reflect country-specific 
situations.    
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