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What is agricultural biodiversity?

 The variety and variability of animals, plants
and micro-organisms that are used directly of 

indirectly for food and agriculture.
It includes all species that are closely
interwoven in an agricultural ecosystem

(Bioversity International)

 This work focus on a part of “planned
agricultural biodiversity” that is the one

which the farmer determines, based on 
management of the agroecosystem



The rationale to measure biodiversity 
in a CGE modelling framework

 Progressive use of modern hybrid varieties can 
reduce the number of traditional varieties and lead to 
a dramatic decline of inter and intra crop genetic 
diversity (Tilman et al. 2002, Jarvis et al. 2011). 

 The need to conseve and enhance biological diversity 
and the idea that it provides benefits to humans has 
been recognized by the Convention on Biological 
Diversity (CBD), a multilateral treaty since 1992.

 General equilibrium models (CGE) are the most common 
framework for an economy-wide approach to policy 
analysis



Policy analysis question

 The main question is whether we should foster the use of 
modern varieties or preserve the heterogeneity of crops 

 This question is even more important for LDC where 
agriculture represents a large part of their value added and 
a significant share of farmers still produce using 
traditional cultivation techniques preserving diversity. 

 Several studies explored the numerous reasons for 
smallholders to continue growing tradition crop varieties
even in presence of widely available modern ones (Smale, 
2001, Jarvis et al. 2011). 

 With this work we want to provide additional scientific 
evidence with the aim of contributing to the debate for the 
answer of this question



Modify a CGE model to take into 
consideration agricultural biodiversity, 
in a context of climate change 

 The possibility to take into consideration 
biodiversity within a CGE modelling 
framework is limited. 

 The focus on agricultural biodiversity 
and on human’choice in adopting modern 
varieties allow to include biodiversity in 
CGE as an input of the agricultural
sector. 
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Research steps
 Modify the theoretical structure of the standard GTAP E model 

to take into account crop diversity

 Build reference social economic scenario “without climate
change impacts” that will serve as counterfactual against which
to assess

 The indirect economic impact of climate change, differentiated for 
traditional and improved varieties

 The economic impact of innovative crop breeding programs

 Perform an econometric analysis allow to derive yield 
differential to be used in the CGE model, taking into 
consideration some socio-economic aspects that can influence 
the change in land use and farmers’ decision making. 

 Perform the simulation for 2013-2050 with climate change 
shocks for Maize and Wheat

 Perform the simulation for 2013-2020 with improved yields for 
traditional varieties in wheat



CGE Model: description
 We used a modified version of GTAP-E model (McDougall 

and Golub 2009) with endogenous dynamics for capital 
accumulation. 

 The calibration year is 2011

 Data come from the GTAP9 Database (Narayananet al. 
2015)

 The simulation time is 2012-2050

 The orginal GTAP – E model is significantly modified to 
introduce crop industries by different level of crop 
diversity and to differentiate between traditional and 
improved varieties. 

 We focus on the crop production side. 



CGE Model: Sectors
Assumption of the database split:

 Traditional and modern products are 
homogenous. Homogeneity implies that 
the two industries produce the same crop 
commodities, with same price 

 Price of inputs is the same for Modern and 
Traditional industries (e.g. Seeds)

 We modified the input-output ration for 
Traditional and Modern production 
according to the Ethiopian LSMA-ISA 2013-
2014 of WB. The cost share for each input 
in the two industies is different in the two 
industries. 

 Crop genetic diversity is an implicit input 
embodied in the traditional land. Higher 
revenues due to crop diversity will be 
reflected in the land rent. 

Gtap sector 
GRO

Maize

Other 
cereals

Each crop 
industry

Traditional

Improved

Same cost 
structure

Characterization 
of production 
structure with 
info on share of 
sales, costs and 
trade



CGE Model: Land
 We adjust the land supply structure to allow for 

competition among the different agricultural sectors 
and among traditional and modern varieties in 
particular. 



CGE Model: Sectors
 Split of database according to the info from the 

Ethiopian LSMA-ISA 2013-2014 survey of WB

Crop  
Production  
(% of total 
production) 

Area  
(% of total land) 

Labour 
(% of crop labour) 

Chemical fertilizers
(% of crop 
fertilizers) 

 Trad Imp Trad Imp Trad Imp Trad Imp 
Maize* 0.605 0.395 0.750 0.251 0.662 0.338 0.234 0.767 
Rice 0.938 0.063 0.824 0.177 0.928 0.072 0.541 0.459 
Wheat 0.909 0.091 0.910 0.090 0.883 0.117 0.873 0.127 
Other cereals 0.981 0.020 0.973 0.027 0.980 0.020 0.970 0.030 
Vegetables 
and fruits 0.981 0.020 0.992 0.009 0.992 0.008 0.989 0.011 

Oil seeds 0.992 0.009 0.995 0.006 0.993 0.007 0.969 0.031 
Sugar cane, 
sugar beet 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000 

Plant-based 
fibers 1.000 0.000 1.000 0.000 1.000 0.000 1.000 0.000 

Other crops 0.994 0.006 0.993 0.008 0.983 0.017 0.921 0.079 
 

Agricultural area allocation (%), production (%) and input share (%), by crop species 
and variety



The econometric analysis 
 Data from the 2013 LSMS-ISA nationally representative 

survey in Ethiopia, gathered from World Bank. 

 An Endogenous switching regression (ESR) analyses the 
binary decision to adopt a modern crop variety (MV), and 
the implication it has on crop productivity in a two-stage 
framework. 

 Econometric analysis has been done with cross section 
data, but it will be improved with panel data

Crop # plots % adopters MV Δ yield 

Maize 2617 23,79% 520 kg/ha

Wheat 1230 11,62% 1000 kg/ha

 A set of covariates including socio-economic characteristics, 
geographic and climatic elements, soil and agro-stresses, 
agricultural inputs use and an instrumental variable of advice on 
seed use are considered according to literature (di Falco et al. 
2011, Bryan et al. 2013, Teklewold ed at. 2013, Noltze et al. 2013, 
Shifereaw et al 2014, Coromaldi et al. 2015). 



The econometric analysis: results 
 The fact that farmers recieve advice on the type of seeds they utilize, is 

highly significant in explaining the adoption decision of their plot by 
farmers.

 The selected socio-economic variables are not significant drivers of the 
adoption decision, with exection to the distance from the agricultural
market that has a negative impact on the adoption of MV.

 Being in the top quintile of income is a charateristic that enhance the 
chance to adopt MV. 

 Crop diversification sustain productivity of non-adopters of both maize 
and wheat, while it reduces yield of adopters in maize. Diversification 
can be a risk minimization strategy for marginalized farmers that heavy 
rely on traditional agriculture. 

 Climate variables:
+ 1 °C

Maize Non-adopters - 6% yield

Adopters No significant effect

Wheat Non-adopters +1.3% yield

Adopters + 12% yield



3 scenarios

1 Baseline – 2013-2050 
without shocks according to 
SSP2 data

2 – 2013-2050 with climate 
change shocks for Maize 
and Wheat

3 – 2013-2020 with improved 
yields for traditional 
varieties in wheat



Benchmark construction process
 Sector aggregation focus on the primary sector: 9 agricultural 

products 

 Country aggregation focus on most important trading partners of 
Ethiopia: 14 region

 Data from GTAP 9 database, year base is 2011

 For 2013-2050 period we calibrate the model using information from 
the SSP2 scenario (O’Neil et al. 2012). 

The matching between WB 
and the model calibration 
is almost perfect: 

 Agriculture 44.9%

 Industry 11.9%

 Services 43.2%

(WDI 2016)

% of sectoral value added in Ethiopia



2013-2050 without shocks 
according to SSP2 data
 Both GDP (+900% in 2050) and Population (+90% in 2050) are projected to increase 

significantly in SSP2 scenario.

 Composition of macro sectoral value added remains quite stable, with slight 
increase of the weight of the industrial services sector. 

 Trade: Ethiopia will increase its imports share from Russia and export towards South 
Asia. 

 Agricultural Production is expected to significantly increase (+800% for wheat and 
+600% for maize) 

Share of traditional and improved varieties in total land demand in 2013 
and 2050

In terms of land 
allocation the 
evolution of the two 
crops is similar 
between 2013 and 
2050 with land used 
to cultivate improved 
varieties increasing its 
share on total land. 



2013-2050 with climate change 
shocks for Maize and Wheat
According to the econometric model an increase in temperature in 
Ethiopia of +5.8 % (from 22.6 C to 23.9 % C) correspond to: 

These shocks have been linearized 
along the 2013-2050 period and 
introduced into the model as 
productivity % shifts 

Results compared to Baseline 
scenario 
Wheat output      + 10.6%
Maize output       – 1.0%
Agriculture         +5.0%
Chemicals sector  + 4.3% 

Maize traditional reduce 
the demand of labor

Increase of land share 
relatively to other 
factors in value added 
composition

Improved wheat sector 
increase demand of 
primary factors, labor

Pressures on wages 
(+0.5% for all sectors) 
and migration of 
those employed in 
industry and services.

Dynamics

Maize Traditional - 40.3% yield

Improved No significant change

Wheat Traditional + 7% yield

Improved + 71.4% yield



 Land allocation in favor of wheat and maize improved 
varieties

Maize Traditional - 40.3% yield

Improved No significant change

Wheat Traditional + 7% yield

Improved + 71.4% yield

2013-2050 with climate change 
shocks for Maize and Wheat

GDP     - 0.03%  
compared to baseline in 
2050
Due to contraction of the 
maize sector and of the 
industry and services

Wheat 

Import – 25.6%  Export 
increase.

Due to contraction of the 
maize sector and of the 
industry and services

Share of traditional and improved varieties in total land demand in 2050 
with and without climate change



2013-2050 with climate change 
shocks for Maize and Wheat

When temperature increase, a raise in agricultural 
productivity become more challenging and it will largely 
depends on technological progress in the area to raise yields 
in rain fed areas. (Robinson et al. 2011)  

Climate change will have
lower impact on wheat than
on maize in Ethiopia

Increase of the chemical
sector due to higher use of
fertilizers, specially by
improved sector

Disaggregate such impact by
AEZ to take into account 
spatial variation in 
agroecological conditions

Explore the emission of the 
two industries related to land
and fertilizers use.

A reduction of agricultural production in Ethiopia can have a 
direct impact on GDP 

Further research



Innovation paradigms in agriculture

Transfer of technology

• Linear model in which a new 
technology is developed by 
scientists, transferred by 
extension personnel and 
adopted by farmers 

• (Rogers, 1962)

Innovation system

• Innovation is seen as a 
process of generating and 
accessing knowledge and 
putting it into use

• (Hall et al. 2004, World Bank, 
2006)

 The innovation paradigm underpinning agricultural research has a strong 
influence on agricultural development, agricultural productivity but also on 
management practices and ecosystem services (Rivera and Sulemain, 2009). 

 We use plant breeding to look at the effect of alternative approaches to 
innovation in agricultural development on the wide economy at country level 

Conventional plant breeding 

• Based on genetic engineering 
and life science to modify 
plants for specific traits such 
as increase productivity, 
nutritional content, 
resistance to pest and disease 
etc. 

Decentralized plant breeding

• Focus on the identification of 
the best performing varieties, 
according to farmers 
preferences in each site. 
(Ceccarelli and Grando, 
2006). 



2013-2020 with improved yields for 
traditional varieties in wheat
The main assumption of decentralized 
plant breeding is that, based on the 
valorization of genetic diversity, is it 
possible to identify in each location, 
especially in marginal areas, the 
varieties with higher yield potential. 
(Ceccarelli, 2012)

To construct the scenario on the impact 
of an alternative plant breeding 
approach we rely on the results of an 
experiment on genetic diversity in 
durum wheat (Mengistu et al. 2016).

Results on Wheat yields

Farmers Varieties (FV) + 13.2% 
yields with respect to Modern 
Varieties (MV)

Assumptions:

Innovative breeding programs (IBP), focusing on the 
increase of traditional varieties productivity are 
implemented during the first years of simulation between 
2013 and 2020. 

The “improved” traditional varieties are gradually 
implemented until 2020 when they are fully adopted

Results in 2020 compared to 
Baseline scenario 

Wheat output                   + 12.6%

Price of wheat – 6.1%

Consumption of wheat         +0,3%

Benefit the agro 
processing industry and 
households



 Land allocation in favor of wheat traditional varieties

Wheat Traditional + 13.2% yield2013-2020 with improved yields 
for traditional varieties in 
wheat

GDP     + 0.2 %  compared to 
baseline in 2020

Due to growth in agriculture 
(+0.5%) and in agricultural 
goods and processing 
industry (+0.2%) 

Wheat 

Import – 18.5% 

Share of traditional and improved varieties in total land demand in 2020 
compared to baseline in 2020. 



 The upscale of a decentralized participatory plant 
breeding program in Ethiopia could have a positive impact 
on the economy, including a particular wider development of 
wheat food supply chains that could allow the national 
economy to capture the added value of food processing.

 The exploitation of traditional varieties characterized in 
Ethiopia could be useful also for international breeding 
programs that suit areas with similar climate extreme 
events, such as droughts. It could be part of the national 
strategy for Biological Diversity of Ethiopia in the CBD 
framework. 

 Further development of this scenario could be to improve 
the knowledge about the cost structure of alternative 
breeding strategies and to better detail the seed sector as 
input of production. 

2013-2020 with improved yields 
for traditional varieties in wheat

The valorization of genetic diversity of major crops, 
such as wheat, can contribute substantially to the 
challenge of food security, if appropriate research 
programs are developed.  



 The main strategy for technological change to increase yields in 
Africa has been the introduction of improved crop varieties 
developed with exogenous genetic material. 

 The model confirm that those improved varieties have higher 
yields than the traditional ones that are at the moment in 
farmers fields, as they have been selected mainly for this trait, 
also in a context of temperature increase.  

 Traditional varieties are still largely used in Ethiopia and rate 
of adoption of improved varieties is relatively low. 

 In this context it is interesting to consider the economic impact 
of diversify the strategy for technological change including the 
promotion of decentralized plant breeding approach aiming at 
improving the performance of locally available genetic 
material. 

Conclusions 

Win Win strategy: expansion of 
crop production and maintainance
of larger genetic diversity



Thank you for your attention


