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Gross Domestic Product (GDP) is the most widely used measure of economic performance world-wide. Where long-
run economic sustainability and human well-being are concerned, GDP can provide misleading policy advice. While
the limitations of GDP are discussed conceptually in the literature, we provide a quantitative example demonstrating
the implications of using only GDP to inform policy design. In the context of Colombia’s post-conflict development,
we show that continuing the recent trend of increasing deforestation reflects positively on GDP by about US$59
million by 2035. However, when we consider the natural capital assets and environmental quality that underpin
economic growth summarized by the Genuine Savings indicator of wealth, reducing deforestation and enhancing

agricultural productivity results in a more prosperous and sustainable post-conflict future for Colombia with a US
$48 billion increase in wealth. Policy makers relying only on GDP as a guide to policy effectiveness risk undermining
their country’s development prospects and inter-generational well-being which is at the very core of sustainable
development. While natural capital accounting sheds light on past economy-environment interactions, future
looking integrated analytical frameworks such as that presented in this paper are required to evaluate policies on the
basis of their potential impacts on sustainable economic development and wealth.

1. Introduction

The Government of Colombia signed a peace agreement with the
Revolutionary Armed Forces of Colombia in November of 2016, after
over 50 years of civil conflict. As is the case with many other post-
conflict countries, this period of recovery places mounting social and
economic pressure on Colombia’s natural capital base. Drawing from the
experience of other post-conflict countries, following the resolution of
conflict, deforestation and natural resource extraction intensify and the
return of displaced people coupled with ineffective land-use planning
drive environmental degradation (Suarez et al., 2017). To guide public
policy in this post-conflict period, it is critical to have indicators that
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highlight impacts on the social, economic and environmental di-
mensions of economic development policy.

Policy makers have traditionally used Gross Domestic Product (GDP)
based indicators as the barometer of their economies and an indicator of
the effectiveness of their economic development policies. As a measure
of annual income flow that does not take into account changes in stocks
of a country’s capital, GDP is not an appropriate metric of sustainable
economic development (Stiglitz et al., 2010; Stiglitz et al., 2009; Lange
et al., 2018; Polasky et al., 2015; Arrow et al., 2012; UNEP, 2018). In the
context of Colombia, this is particularly problematic since economic
development assessed on the basis of GDP alone could unknowingly be
underpinned by the liquidation of the country’s natural capital base.
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With recent developments in natural capital accounting, more robust
indicators of economic development that account for changes in natural
capital stocks and environmental quality are now within reach. We
demonstrate how Genuine Savings, an indicator of wealth, provides
critical information for guiding public policy toward a pathway of
prosperity and inter-generational wealth (Hamilton, 2000; Hanley et al.,
2014). While natural capital accounting (Hein et al., 2020) enables the
calculation of wealth for a period in the past, we present a future looking
Integrated Economic-Environmental Modeling (IEEM) framework for
evaluating the impacts of public policy and investment. We apply IEEM
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to evaluating post-conflict land use trajectories in Colombia and
demonstrate the dangers of using GDP alone and the advantages of

Genuine Savings to guide sustainable development policy in Colombia
and beyond.

2. Background
2.1. Post-conflict Colombia

In Colombia and other post-conflict countries, government
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investment is focused squarely on security and social and economic re-
covery, which increases pressure on natural capital and deforestation
(Bustos and Jaramillo, 2016; Conca and Wallace, 2009; Mcneish, 2017).
This is of national and global concern as Colombia is home to 10% of the
planet’s biodiversity and is one of the most biodiverse countries
(CONPES, 2018; Moreno et al., 2019). Over half of the country is
forested and it has the greatest abundance of water resources among
countries in Latin America and the Caribbean (World Bank, 2015).

Colombia’s conflict had its most profound impact on 170 munici-
palities across 36% of the nation’s territory (Fig. 1). These 170 munic-
ipalities have been grouped into 16 post-conflict subregions where
public investment has been prioritized. In the post-conflict period, these
municipalities face the most intense pressure on natural capital as dis-
placed people return home and attempt to rebuild their livelihoods.
Many of these municipalities coincide with areas of exceptionally high
biodiversity and natural capital values (Calderon et al., 2016).

Colombia’s armed conflict has had spatially diverse impacts on the
environment and deforestation. In some areas, landmines and the pro-
hibition of access has resulted in de facto conservation (Alvarez, 2003;
Davalos et al., 2011; Fergusson et al., 2014). Abandonment of land in the
San Lucas mountain range, other areas in the Amazon, and Orinoquia,
for example, has led to forest regrowth and improvements in biodiver-
sity (Baptiste et al., 2017). However, in the past 25 years, the country
lost 5.2 million hectares of forest cover, 3 million hectares of which were
deforested in municipalities affected by the armed conflict (Departa-
mento Nacional De Planeacion, 2017b). Even Colombia’s protected
areas have not been spared, with their deforestation spiking post-
conflict and accounting for 11% of the national total in 2017. Defores-
tation, land degradation and soil erosion have been estimated to cost the
country on average 0.7% of GDP annually (Sanchez-Triana et al., 2007).
Deforestation has impacts on local microclimates and contributes to
climate change. By 2014, 55% of Colombia’s 23.7 million tons of CO5
equivalent emissions came from deforestation and land use (IDEAM
et al., 2008).

Although each post-conflict zone in Colombia has its own develop-
ment dynamic, clearing for agriculture and livestock drive deforestation
and were responsible for 65% of deforestation over the previous decade
(World Bank, 2015). In the Amazon, poor displaced migrants push their
way into the forests, extract high-value timber, burn the remnant forest
and plant subsistence crops. After 2 or 3 years of cultivation, the soil
becomes unproductive and farmers move to adjacent areas to repeat the
process. Cleared areas are purchased cheaply and consolidated for
extensive cattle ranching which was responsible for 50% of the land
cleared between 2005 and 2012 (Etter et al., 2006; Nepstad et al., 2013;
PARES, 2018).

Deforestation in the country is also closely related to illegal activities
which have proliferated due to weak governance in parts of Colombia’s
territory. This lawlessness and the presence of armed groups have led to
the transformation of forests to illicit crops, the illegal extraction of
minerals, illegal logging, and the construction of informal roads. Since
the Peace Accord, Colombia’s coca production has tripled, accounting
for a staggering 70% of the coca cultivated globally (UNODC, 2019). A
startling 34% of the coca area is planted on terrain that used to be forest
in 2014 (SIMCI-UNODC, 2018).

2.2. Measuring sustainable economic performance for peace

GDP is the most widely used indicator of economic performance and
is calculated as the total gross value added by all residents in an econ-
omy within the System of National Accounts (SNA) (European Com-
mission et al., 2009). The SNA is an internationally agreed statistical
standard for compiling measures of economic activity and is imple-
mented by almost all countries globally. The GDP family of indicators,
including GDP per capita, have important limitations, however. From
the perspective of income, it counts all net income (output less inter-
mediate consumption) generated by a country’s resident economic units
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as contributions to GDP within a year. It does not, however, distinguish
whether that income involves the liquidation of the underlying stocks of,
either natural, or produced capital.

In a business analogy, the liquidation of any capital prevents that
capital from generating returns in the future. In the realm of publicly
traded businesses, it is illegal to report the liquidation of produced
capital as profit, i.e., profit is measured after deducting depreciation and
the liquidation of assets. However, notwithstanding the advice of the
SNA to compile net indicators that do account for that depreciation, and
which are available within the System, in the case of GDP the cost of
using up produced capital is not deducted, but rather added. Another
troubling feature of GDP is that positive contributions to GDP can reflect
an increase in activities that are not necessarily positive for society in an
overall sense. For example, GDP will include the production, including
wages and salaries, associated with the increased economic activity
generated through the clean-up of an oil spill or the extraordinary pro-
vision of private and public medical services during a pandemic.

Finally, GDP (and indeed measures of profit for publicly traded
businesses) does not account for the degradation of natural capital,
which can be conceptualized as being analogous to the depreciation of
produced capital (Edens and Hein, 2013). Natural capital degradation, a
degraded forest, for example, has lower potential economic returns
associated with it than a well-managed forest, though this distinction is
not reflected in measures of GDP even if adjusted for population growth
through the GDP per capita measure.

To assess changes in an economy’s capital base, the SNA turns to the
concept of assets, which are stores of value representing a benefit or a
series of benefits that accrue to the owner over time (European Com-
mission et al., 2009). Balance sheets record the opening value of the
stock of assets at the beginning of the accounting period, transactions
that add to, subtract from, or reappraise the stock, and the closing value
at the end of the period. Unfortunately, many countries do not measure
their depreciation due to the difficulties inherent in measuring all types
of assets, their age, and level of wear on an annual basis. This is true of
both produced capital (factories and machinery) and natural capital
such as standing timber, mineral and energy resources, heads of cattle
and coffee plantations.

Further, even where valuations of assets and depreciation/degrada-
tion are recorded, it is limited to values arising within what is called the
production boundary of the SNA. The production boundary limits
measurement to those cases where labor and capital are combined with
intermediate inputs to produce outputs of goods and services. Outputs
that are created as a result of purely natural processes without the
addition of labor and/or capital are excluded from the SNA’s production
boundary (Eigenraam and Obst, 2018).

This lack of information on changes in natural and produced capital
already places blindfolds on policymakers, but there are additional
limitations in the use of GDP limitations for informing sustainable
development policy. Since GDP does not account for output that falls
outside the production boundary, such as the ability of natural capital to
provide ecosystem services, the benefits that people receive from nature
(Daily, 1997), are also not fully recognized, for example increased
productivity in agriculture or contributions to drinking water quality.
Non-market, non-material ecosystem services (Millenium Ecosystems
Assessment, 2005; IPBES, 2019) fall entirely outside of national ac-
counting systems.

Cautionary comments from its architects regarding the equation of
GDP and its family of indicators to social well-being go back as far as the
time of its inception (Costanza et al., 2014a) and are even included in the
latest SNA manual itself (European Commission et al., 2009). In the past
couple of decades, however, outright criticisms and calls for the aban-
donment of GDP as the de facto standard in economic and social per-
formance have intensified (Stiglitz et al., 2009; Costanza et al., 2009;
Hoekstra, 2009; Costanza et al., 2014b).

For example, Professors Joseph Stiglitz, Amartya Sen and Jean-Paul
Fitoussi have argued that the family of indicators within SNA, including
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GDP and others, cover only what they term “material living standards”,
but ignore health, education, personal activities, environmental sus-
tainability, political voice and governance, social connections and re-
lationships, and economic and physical insecurity as well-being
dimensions that are as important as the former (Stiglitz et al., 2009;
Stiglitz et al., 2010).

Costanza and his colleagues argued that GDP-style accounting pro-
motes maximizing growth at the expense of profitability, efficiency,
sustainability or flexibility and recognize that with alternative indexes
and indicators researchers have become much better at measuring “what
actually makes life worthwhile” (Costanza et al., 2014b). They have
called for the dethronement of GDP within the context of defining sus-
tainability for the aptly-named UN Sustainable Development Goals; an
idea that has also been promoted by Jeffrey Sachs (Sachs, 2015). Her-
man Daly has fervently criticized the idea that more GDP growth makes
us richer, pointing out that it is only growth in net wealth that does so,
because it is incapable of assessing whether beneficial activities grow
faster than costly ones, as both are lumped together within it simply as
“activity” (Daly, 2017; Daly, 2008).

A number of alternatives have developed to go “beyond GDP”, both
as an extension of neoclassical economics that start with GDP but sub-
tract welfare reducing impacts and add monetary value for welfare-
enhancing dimensions (Hoekstra, 2009; Arrow et al., 2004; Arrow
et al., 2012; Polasky et al., 2015; UNEP, 2018; UNU-IHDP and UNEP,
2014; UNU-IHDP and UNEP, 2012; Lange et al., 2018; World Bank,
2005; World Bank, 2011; Kalimeris et al., 2020). There are also more
subjective reinterpretations in the form of indexes and indicators that
measure life satisfaction or happiness, as well as the dependency of
welfare on natural resources (Hoekstra, 2009; Kalimeris et al., 2020;
OECD, 2013; Nordhaus and Tobin, 1972; Daly and Cobb, 1994; Cobb,
1995; Rees and Wackernagel, 1996).

In the context of post-conflict Colombia, illegal deforestation that
generates a supply of timber and opens new cleared land for agriculture
will be reflected in positive contributions to GDP. Thus, what is not
accounted for is the loss of capital and the associated future returns (e.g.,
from sustainable logging of timber in forested areas) as well as the array
of market and non-market ecosystem services that the forest would have
provided. By not accounting for these changes in natural capital and
ecosystem services values, we effectively ascribe them a price of zero
(Pearce et al., 2006). Similar analogies apply to poorly managed fish-
eries, mineral and energy resources and watersheds. Without question, a
business that did not manage its underlying capital base would live out a
short life on the publicly traded stock market, and yet entire economies
around the globe are managed on the basis of the incomplete informa-
tion provided by GDP-based indicators.

Efforts have been underway for decades to further develop statistical
systems that account for natural capital and the services it provides by
extending the accounting framework of the SNA (UN., 1993). Work in
this direction took a significant leap forward in 2012 with the interna-
tional statistical community’s adoption of the System of Environmental-

GenuineSAV, = GNSAV, — DeprCapStock, — DeplForStock, — DeplMinStock,

Economic Accounting Central Framework (SEEA) (United Nations et al.,
2014a) as the first natural capital accounting statistical standard that
complements the SNA by describing accounting for environmental as-
sets (mineral and energy resources, land, soil, timber, aquatic resources,
water resources and other biological resources), environmental flows
and environmental activities. In the SEEA, environmental assets are
quantified in physical terms and monetary terms when a market price is
observable, or by a market equivalent valuation approach. The SEEA
extends the asset boundary to include all components of the biosphere
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including those without a market price.

Beyond the Central Framework, the SEEA’s Experimental Ecosystem
Accounting framework extends the production boundary of the SNA to
include all material, non-material and non-market ecosystem services
(United Nations et al., 2014b; UNEP et al., 2017). It also accounts for
changes in ecosystem extent (size) and condition which affect future
ecosystem service output. These new accounting systems enable
decision-makers to understand policy impacts on standard economic
indicators, as well as impacts on natural capital and ecosystem services.
With information collected under the SEEA coupled with the SNA, it
becomes possible to calculate indicators that speak to changes in wealth
whose three pillars- manufactured capital, human capital, and natural
capital- align with the three dimensions of sustainable development
(Banerjee et al., 2019a; Banerjee et al., n.d.; Guerry et al., 2015). Spe-
cifically, the information compiled under the SEEA allows countries to
evaluate metrics of current and future wealth coherent with GDP, as the
aggregate value of manufactured and natural capital such as Genuine
Savings and the inclusive wealth index (Stiglitz et al., 2009; Stiglitz
et al., 2010; Lange et al., 2018; UNU-IHDP and UNEP, 2014; UNEP,
2018).

While GDP, and GDP-related indicators such as GDP per capita, will
continue to be an important measure of current economic performance
and income, there are great risks to using only GDP as an indicator of
economic sustainability in post-conflict Colombia. With other post-
conflict countries indicating a tendency toward increased natural capi-
tal depletion including deforestation and land conversion, GDP will
effectively ignore this destruction of Colombia’s natural capital base,
and thus not serve to alert policy makers to the undermining of the
country’s future growth prospects.

In this context, the compilation of metrics of wealth, specifically
Genuine Savings, using extended accounting frameworks such as the
SEEA, can support recognition of the principle that increasing standards
of living are possible through building national wealth with investment
in manufactured, human and natural capital, as well as in strong
governance to make productive use of those assets. Genuine Savings is
defined as gross national saving plus investment in education, minus
depreciation of manufactured capital, depletion of subsoil assets and
timber resources, and the damage cost of air pollution (Lange et al.,
2018).

While different, Genuine Savings has a relationship with GDP. Spe-
cifically, an increase in GDP is typically accompanied by an increase in
the incomes of households, firms and the government. This increase
results in increased savings for the economy overall, which is an
important component of Genuine Savings. Most public policy and in-
vestment scenarios we evaluate in IEEM do not consider adjustments in
the level of investment in education, a proxy for the stock of human
capital, we calculate an adjusted form of Genuine Savings that focuses
on the natural capital dimension of wealth which is calculated as fol-
lows:

— EmiVal,

where:

GNSAV; = Gross National Savings (GNDI; — PrvCon; — GovCony).

GNDI; = Gross National Disposable Income.

DeprCapStock; = depreciation of reproducible capital stock.

DeplForStock,= depletion of forest stock.

DeplMinStock; = depletion of mineral stock.

EmiVal, = Cost of damage from greenhouse gas emissions; US$30 per
ton of CO2 equivalent based on (Lange et al., 2018).

For natural capital, the value of depletion is defined as:
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where:

qdepl; = quantity of the resource extracted.

unitrent, = unit rent in year t, which is endogenous in IEEM.

intrat; = interest rate (4% as in Lange et al. (2018) which is based on
the long-term average rate of return on financial assets globally. This is
an estimate of the opportunity cost of holding.

wealth as natural capital compared with investing in financial
assets.)

For example, with t = 2014, ..., 2035 and T = 22:

qdeply, ,-untrentyy s
(1 + intrar)°

qdeply,s-untrentys
(1 + intrar)"

gdeplyss-untrentyss
(1 + intraz)*

Recent work by the authors applied Genuine Savings to evaluate
government strategies to make progress toward the Sustainable Devel-
opment Goals in Guatemala (Banerjee et al., 2019a) and Green Growth
Strategies in Rwanda (Banerjee et al., n.d.). In this paper, we focus on
forest natural capital stocks and environmental quality proxied for by
changes is greenhouse gas emissions. As Sir Partha Dasgupta points out,
without metrics of wealth, it is not possible for governments to assess
whether or not their economic development policies are sustainable
(UNEP, 2018).

3. Methods for evaluating post-conflict land-use trajectories in
Colombia

This section presents the Integrated Economic-Environmental
Modeling (IEEM) Platform approach to public policy analysis for sus-
tainable economic development. IEEM was developed for medium and
long-run public policy analysis across all sectors of the economy and has
been developed for over 20 countries and applied to hundreds of policy
questions (Banerjee et al., 2019a; Banerjee et al., 2019¢; Banerjee et al.,
n.d.; Banerjee et al., 2016). We apply the IEEM framework to Colombia
to evaluate post-conflict land-use trajectories and their impacts on
wealth and other economic indicators.

IEEM advances the state-of-the-art in decision making frameworks,
enabling policy makers to understand the full range of economic and
environmental implications of public policy and investment. The IEEM
Platform for Colombia is calibrated with the country’s recently pub-
lished SNA and SEEA natural capital accounts (DANE, 2017). While a
country’s natural capital accounts present a snapshot of past
environmental-economic interactions, IEEM is the first future-looking
economy-wide framework that integrates natural capital accounts, has
environmental modeling modules to capture the dynamics of each
environmental asset and ecosystem services, and enables one to ask,
‘what if” questions to evaluate how a given policy will impact the three
pillars of sustainable development and inter-generational wealth.

At the core of IEEM is a dynamic computable general equilibrium
model. The theory, structure and strengths and limitations of this type of
modeling for public policy and investment analysis are discussed in a
large body of literature developed over the last 4 decades (Burfisher,
2011; Dervis et al., 1982; Dixon et al., 1982; Dixon et al., 1992; Dixon
and Rimmer, 1998; Dixon and Rimmer, 2002; Dixon and Jorgenson,
2012; Kehoe, 2005; Arrow, 2005). IEEM is publicly available' and its
mathematical structure, database and a user guide are available to the
interested practitioner (Banerjee and Cicowiez, 2020; Banerjee et al.,
2019b; Banerjee and Cicowiez, 2019). Fig. 2 summarizes the main in-
come flows captured by IEEM for a given period. CGE-based models
including IEEM consider only the real side of the economy and exclude

1" All IEEM models, databases and documentation will be available here: https
://www.iadb.org/en/topics/environment/biodiversity-platform/the-idbs-biodi
versity-platform%2C6825.html
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monetary aspects. Consequently, they do not consider phenomena such
as inflation. Instead, they focus on capturing changes in the way that real
economic resources are allocated across the economy through time.

The productive economic sectors are represented by activities that
maximize benefits in competitive markets. The production technology
used in each economic sector, in its simplest form, is summarized in
Fig. 3. This figure shows that first, value-added and intermediate inputs
are combined in fixed proportions. The value-added, in turn, is gener-
ated by combining primary factors of production, namely labor capital
and for some economic sectors, natural capital. Intermediate inputs can
come from domestic supply or from the rest of the world as imports.
Economic sectors can produce one or more products in fixed pro-
portions. In turn, each product can be produced by more than one
economic sector.

The total production of each good or service can be destined to the
domestic market or exported to the rest of the world. IEEM’s production
function allows economic sectors to endogenously determine the energy
sources they use in production. More advanced nested specifications are
possible with IEEM depending on the specific policy question, for
example, the substitution of energy sources, inclusion of water as a
factor of production, the use of fertilizers and feed as substitutes for land
in agricultural production, among others.

Institutions in IEEM are comprised of households, firms, govern-
ment, and the rest of the world. Households obtain their income from
ownership of productive assets and from the transfers they receive from
other institutions. Households spend their income buying the goods and
services they consume, by saving, paying taxes, and by making transfers
to other institutions. The government receives income through tax
collection, provides goods and services, makes transfers to households,
and saves or takes on debt, both domestic and foreign. The rest of the
world demands exports and supplies imports. The IEEM model for
Colombia enables the consideration of eight types of taxes, namely taxes
on household income, economic activities, consumption, value added,
exports, imports, factor income, and the use of factors of production by
economic activities. Trade and transport margins are explicitly modeled,
assuming that the corresponding services are required in fixed pro-
portions to move a good from the producer to the consumer.

In terms of foreign trade, goods and services are assumed to differ
according to their country of origin following the Armington assump-
tion. Thus, two-way trade can be modeled, that is, the same good or
service is imported and exported simultaneously. The combination of
domestic and imported products is made at the border of the modeled
country. Imperfect substitution between imports and domestic pur-
chases is implemented with a Constant Elasticity of Substitution (CES)
function. On the production side, a symmetrical assumption is made
where exports are an imperfect substitute for sales to the domestic
market. This imperfect transformation is implemented using a Constant
Elasticity of Transformation (CET) function. In addition, Costa Rica is
modeled as a small country, so it takes as given the world prices of the
products it trades with the rest of the world.

In the labor market, it is assumed that there is unemployment that is
represented by a wage curve. The wage curve establishes a negative
relationship between the level of wages and the unemployment rate. In
the scenarios considered herein, labor is perfectly mobile between
economic sectors while capital once installed, is immobile between
sectors.

IEEM is a recursive dynamic model where economic agents are
myopic and their expectations are stationary. In other words, economic
agents expect future prices to be identical to current period prices. There
are four sources of dynamics in [EEM: capital accumulation and growth
in the labor force, factor productivity and natural capital supply. At the
beginning of each period, the sectoral capital stocks are adjusted based
on levels of previous period investment. The endowments of the other
productive factors grow exogenously. The investment and capital stocks
of each period are differentiated between public and private investment.

To evaluate post-conflict land use trajectories in Colombia, we
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Fig. 3. Production technology.

Note: CES = constant elasticity of substitution and LEO = Leontief. Source: authors’ own elaboration.

develop a baseline and three scenarios. Additional information on the
development of the baseline and scenario design is available in Appen-
dices A and B of this paper, respectively. The baseline, BASE scenario is
the reference scenario to which the 3 land use trajectory scenarios are
compared. The BASE projects the Colombian economy to the year 2035
without the introduction of any new policy or investment. Projections
are based on the most recent available national and international data
on economic trends, land use and economic output (IMF, 2019; DANE,
2016). Rates of deforestation and their projection are obtained and
validated from government sources (IDEAM, 2020; IDEAM, 2019). Fig. 4

shows the BASE distribution of land use and land cover across the
country.

The first non-baseline scenario, Deforestation Increase (DEFINC),
implements a 16% increase in deforestation between 2020 and 2035.
This increase in deforestation is based on recent analysis which showed
that deforestation in recently demilitarized zones of Colombia tended to
increase by this amount (Fergusson et al., 2014). This rate of defores-
tation is less than the observed rate of 20% per year between 2016 and
2018 (DNP, 2019). The second scenario, Deforestation Decrease (DEF-
DEC), represents a 75% reduction in deforestation between 2020 and
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Fig. 4. Land use land cover classes 2012 base year.
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2035, which could be achieved through more effective land-use plan-
ning, enforcement of forest law and improved monitoring of the agri-
cultural frontier.

The final scenario, Deforestation Decrease and Productivity (DEF-
DECTFP) embodies a government strategy to reduce deforestation by
75% while enhancing rural livelihoods through development and
implementation of more productive agricultural systems (Rodriguez,
2017). We simulate an increase in agricultural total factor productivity
to illustrate how productivity growth could compensate for the negative
effects of decreased deforestation on agricultural output. In Colombia,
there is considerable evidence that shows that current agricultural total
factor productivity is low, including in comparison to its neighbors, and
there is significant scope to increase it (Acosta and De los Santos-
Montero, 2019; Rodriguez, 2017). Agricultural total factor

productivity growth in Colombia was estimated at between 0.8% and
1.3% between 1975 and 2013. Disaggregating crops from livestock,
livestock productivity was higher, and between 1.6% and 2.2%. Some
historical periods were shown to have higher rates of growth than others
due to differing political and economic circumstances, for example, the
period from 1984 to 1989 showed growth of about 2.4% (Jiménez et al.,
2018). In our scenario, we implement a total factor productivity increase
of 2.5% per year over a 5-year period, after which factor productivity
remains constant. The government achieves reduced deforestation
through more effective monitoring and enforcement of forest legislation
while the extension of agricultural technologies is made possible
through more efficient deployment of existing resources across
government.
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Table 1
National-scale forest cover in BASE and scenarios in hectares.
2020 2035 Difference

BASE 57,898,517 53,464,928 -4,433,589
DEFINC 57,898,517 52,791,984 —5,106,533
DEFDEC 57,898,517 56,619,354 -1,279,163
DEFDECTFP 57,898,517 56,619,354 -1,279,163

4. Results

Fig. 5 presents changes in demand for land between 2020, the base
year of our simulations, and 2035. Where deforestation continues un-
abated, forest stocks and their accompanying biodiversity decline by
722,940 ha. Policies implemented to reduce deforestation result in over
3 million hectares of forest protected. With a reduction in deforestation,
we also see a reduction in livestock and crop areas relative to business-
as-usual. As we will see below, enhanced agricultural systems and pro-
ductivity and efficiency gains more than compensate for these reduced
areas.

Table 1 shows the starting stock of forest cover in 2020 compared
with 2035 for the BASE and scenarios. Deforestation between 2035 and
2020 in the BASE is 4.43 million hectares. While there is still defores-
tation in DEFDEGC, it is reduced in an important way in this scenario,
with the difference between 2035 and 2020 amounting to 1.279 million
hectares. Undeniably, this is still a huge area of forest to lose but is a
sharp contrast between both the baseline projection and the level of
deforestation exhibited in some post-conflict municipalities.

GDP trends are shown in Fig. 6. Since GDP is a measure of income
flow, we find that reducing deforestation causes GDP to drop below the
business-as-usual level by US$342 million in 2035. Maintaining post-
conflict levels of deforestation would contribute US$59 million to
GDP. Increasing investments in agricultural technology and enforcing
forest laws boosts GDP by almost US$4 billion. (See Fig. 7.)

IEEM is able to assess changes in poverty, which is a particularly
important indicator given the context of the policies explored here and
for development policy more broadly. The impacts of reducing defor-
estation and enhancing agricultural productivity are also pro-poor,
reducing poverty by 0.15%.

A powerful advantage of the IEEM Platform is the ability to assess
public policy and investment impacts on the three dimensions of sus-
tainable development and wealth through Genuine Savings. We estimate
an adjusted form of Genuine Savings which emphasizes the environ-
mental dimension of wealth (Banerjee et al., 2019a; Banerjee et al., n.
d.).

Considering long-run wealth and sustainability, we find that
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reducing deforestation and enhancing agricultural productivity in-
creases wealth by US$4716 by 2035 relative to the base. Deforestation
erodes Colombia’s natural capital base, biodiversity and source of
prosperity, resulting in a decline in wealth of US$627 million. Cumu-
lative wealth impacts by 2035 are cause for serious concern as defor-
estation liquidates the country’s natural capital base and compromises
its development prospects, reducing wealth by US$6.4 billion. Reducing
deforestation alone generates greater prosperity in the order of almost
US$30 billion for post-conflict Colombia while coupled with improving
agricultural production systems, wealth grows by almost US$48 billion.

5. Discussion and conclusions

If Colombia continues on its post-conflict track of natural capital
depletion and degradation, forest stocks will be 722,940 ha lower in just
15 years. Since GDP does not deduct the cost of ecosystem degradation,
policy makers relying only on GDP as the barometer of the economy
would not be alerted to the fact that the economic growth associated
with the deforestation was undermining the country’s natural capital
base and thus its economic development prospects and inter-
generational wealth. Policy makers may even reconcile that this trade-
off between economic growth on the one hand and natural capital,
biodiversity and environmental quality on the other, reflects a necessary
evil given the need to provide livelihood opportunities for returning
displaced families in rural environments in fragile post-conflict times.
Indeed, increased deforestation’s once-off contribution of US$59 million
to GDP may seem like a good return compared to a business-as-usual
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approach, particularly since households would also be recorded as
consuming more and may perceive themselves to be better-off in the
short-run.

What this focus on GDP alone obscures, however, is that Colombia’s
long-run economic development prospects would, all the while, be
eroding through the destruction of one of its (and the world’s) most
precious asset bases. Gains from increasing deforestation would be
short-lived and once gone, households would be left worse-off. Declining
well-being would eventually force rural households to seek alternative
income opportunities that could accelerate natural capital depletion,
increase competition for resources, provoke conflict for land, and
jeopardize the peace. Most critically, once policy makers recognize that
GDP growth has come at the expense of its natural capital base,
Colombia would have less capacity to respond to rising poverty with the
country’s future development prospects reduced by US$6.4 billion.

Ministries of Finance, Central Banks and Statistical Offices of gov-
ernment are increasingly incorporating natural capital accounting into
their country’s statistical and reporting systems (United Nations Com-
mittee of Experts on Environmental-Economic Accounting, 2017) and
hence are becoming well-positioned to advise their policy makers of
unsustainable economic development pathways as they become
observable in the data. Routine reporting of wealth indicators, such as
Genuine Savings, is a natural next step for countries that have imple-
mented natural capital accounting under the SEEA, though some so-
cialization of these new indicators is required for them to become
interpreted with ease by policy and decision makers. While natural
capital accounting provides a snapshot of natural capital use for some
historical point in time, the ability to conduct forward-looking analysis
such as that presented here is critical to inform the development of
policies such that the erosion of the natural capital base is avoided
entirely rather than mitigated ex-post. The IEEM Platform applied in this
analysis is one such tool that enables one to ask ‘what if’ questions and
examine potential economic, wealth and natural capital impacts
through time.

We have shown that reducing the rate of deforestation relative to a
business-as-usual case would boost forest stocks by 3.1 million hectares.
Colombia would protect a greater share of its natural capital base and by
focusing on increasing agricultural productivity, it would enhance its
wealth by almost US$48 billion. This ensures the benefits are not once-
off and short-lived gains like those that continued deforestation could

Appendix A. IEEM colombia dataset

A.1. Social accounting matrix
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provide. The strong prospects for wealth that improved agricultural
systems and efficiency indicate are particularly relevant in Colombia
where productivity in post-conflict zones is lower than the national
average. Inefficiency in agricultural production is between 41% and
61% depending on the crop, while overall factor productivity in
Colombia has historically been low. The results presented here present a
strong business case for investments in factors known to be responsible
for this low agricultural productivity and efficiency including land
tenure conflict, lack of incentives for research and development in
agriculture, weak agricultural extension, and poor rural infrastructure
and connection to markets (Departamento Nacional De Planeacion,
2017b; Departamento Nacional De Planeacion, 2017a).

With the peace agreement, this new post-conflict era is the greatest
source of opportunity and, at the same time, risk to Colombia’s wealth of
natural capital and biodiversity (World Bank, 2015). The first three
years of Colombia’s post-conflict period have elapsed with modest in-
vestment in rural development. Deforestation has skyrocketed in areas
previously shielded from illegal logging by a de facto control function
exercised by guerrilla groups. Without adequate planning, management
and law enforcement, unsustainable agriculture, mining and other ac-
tivities will continue to push the agricultural frontier into pristine eco-
systems, leading to higher rates of deforestation and environmental
degradation. The time for difficult choices is now, where the short-run
gains of a business-as-usual approach reflect positively on GDP
growth, but are in stark contrast to the policy guidance provided by
Genuine Savings where large gains in inter-generational wealth and
well-being are possible by reducing deforestation and focusing on
developing rural agricultural livelihoods. Peace and prosperity in
Colombia depend critically on these urgent decisions.
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The basic accounting structure and much of the underlying data required to implement IEEM, like other CGE models, is derived from a Social
Accounting Matrix (SAM).2 Most features of a SAM for IEEM are familiar from SAMs used for other models. However, a SAM for IEEM has some
unconventional features related to the explicit treatment of natural capital and financial flows.

In this paper, IEEM is calibrated to a 2014 SAM and other data for Colombia.® The year 2014 is the latest year for which all the required data was
available at the time of this writing. While data for 2016 was available, with questions related to its reliability, it was suggested that the 2014
calibration year be maintained. Table A.1 shows the accounts in the SAM, which determine the disaggregation of the model. Our SAM includes 105
activities and 29 commodities; 98 factors (labor, capital, 92 land categories, 4 other natural resources); one representative households; and other
institutions (non-profit institutions serving households, enterprises, government, and rest of the world). To save space, all figures, and tables in the
main text aggregate SAM data to 13 activities and commodities and 6 factors (i.e., labor, capital, and land [3], and other natural resources).

2 A SAM is a square matrix representation of the transactions between productive sectors represented by activities and commodities (or products), households,
factors of production (e.g., labor, capital, and natural resources), government, savings, investment, and the rest of the world for a specific year. For each of these
accounts, a cell represents a payment column-wise and a receipt row-wise (i.e., a payment from the column of the cell to its row). In turn, due to the accounting
consistency of a SAM, the total expenditure of every account must equal its total income. In other words, the total of every row must be equal to the corresponding
total of the column.

3 To build our SAM for Colombia, we follow a top-down approach as described in Round (2003) and Reinert and Roland-Holst (1997).
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Table A.1
Disaggregation of database for IEEM Colombia.

Category Item
Sectors (activities and Agriculture, Forestry and Fishing (93):
commodities) Crops (32 by department); livestock (32 by department); forestry (28 by department); fishing
Mining industry (3):

Coal; oil; other mining

Manufacturing industry (11):

Food industry; beverages and tobacco; textiles and leather; refined petroleum products; chemicals; rubber and plastic; non-metallic mineral

products; basic metals; machinery and equipment; vehicles; other manufacturing

Other industry (4):

Electricity, gas, water, construction

Services (5):

Trade, hotels and restaurants, transport, public administration, other services
Factors Labor

Private capital

Government capital

Natural resources: land (92 for agriculture and forestry), fisheries resources and extractive industries (3)
Institutions* Households

Non-profit Institutions serving households (NPISH)

Enterprises

Government

Rest of the World
Distribution margins Domestic products

Imports

Exports
Taxes and subsidies Direct taxes

Commodity taxes

Value-added tax

Import tariffs

Activity taxes
Investment Investment, private

Investment, government

Investment, change in inventories

* The institutional capital accounts are for domestic non-government (aggregate of households, NPISHs, and enterprises), government, and rest of the world. Source:
Authors’ own elaboration.

In the remainder of this section, we show how selected pieces of information contained in the SAM may be extracted and presented in a set of
figures that together describe the structure of Colombia’s economy in 2014.% The information presented in Figs. A.1-A.4. cover sectoral structure,
structure of sectoral factor use, and demand structure.

Fig. A.1 summarizes the sectoral structure of the Colombia economy in 2014: it shows sectoral shares in value-added, production, employment,
exports, and imports. To complement, Fig. A.2 shows the split of domestic sectoral supplies between exports and domestic sales, and domestic sectoral
demands between imports and domestic output. For instance, while mining represents a significant share of exports (around 52%), its shares of value-
added and production are much smaller (in the range of 6.6-9.1%). Also, note that taken together, the agriculture and food processing sectors
represent 11.5% of total exports.

Fig. A.3 shows factor intensities in the value-added of each sector. Among other things, it shows that crops, livestock, and forestry are relatively
intensive in their use of labor. On the other hand, sectors such as mining and transport are relatively intensive in their use of capital. In CGE ap-
plications, factor intensities of the production sectors have a major impact on the results obtained from policy simulations. Hence, this information is
useful when we analyze the results from the simulations.

Fig. A.4 shows the demand structure for each commodity in the SAM. For instance, 43.7% of the crops output is used as an intermediate input by
the manufacturing sector, while 42.7% is consumed by the households. Fig. A.4 also shows that the capital goods (i.e., gross fixed capital formation)
are mostly composed of other manufacturing- mainly, machinery and equipment- and equipment and construction.

4 The appendix contains tables with similar information but with additional sectoral disaggregation.
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Fig. A.1. Colombia: sectoral structure in 2014 in percent.
Source: Authors’ calculations based on 2014 Colombia SAM.
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Fig. A.4. Colombia: sectoral demand composition in 2014, in percent.
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A.2. Non-SAM data

government cons

Beyond the SAM, data related to factor stocks and various elasticities are also used to calibrate the model. For capital depreciation rates, we follow
Agénor et al. (2004) and assume 5.0% and 2.5% for private and public capital, respectively. For unemployment and underemployment, we use the
estimates from the Gran Encuesta Integrada de Hogares (GEIH), the main household survey in Colombia: 9.1 and 29.1%, respectively. For projections
of the population, split into multiple age groups, we use the 2019 UN World Population Prospects dataset.

The required (exogenous) elasticities apply to production, trade, consumption, and SDG functions. The values, which are based on Sadoulet and de
Janvry (1995), Dimaranan (1997), and Muhammad et al. (2011), are shown in Table A.2. In sum, the value-added elasticities of substitution are in the
range of 0.20-0.95, the Armington and CET elasticities are both in the range of 0.9-2.0, and the expenditure elasticities for household consumption
demand are in the range 0.7-1.4.

Table A.2
Value-added, trade, and consumption elasticities.

VA Armington CET LES
Crops 0.25 2.00 2.00 0.72
Livestock 0.25 2.00 2.00 0.72
Forestry 0.20 2.00 2.00 1.38
Other forestry 0.20 2.00 2.00 1.38
Fishing 0.20 2.00 2.00 0.72
Coal 0.20 2.00 2.00 1.38
Oil 0.20 2.00 2.00 1.38
Other mining 0.20 2.00 2.00 1.38
Food industry 0.95 1.50 1.50 0.72
Beverages and tobacco 0.95 1.50 1.50 0.72
Textiles and leather 0.95 1.50 1.50 0.97
Refined petroleum products 0.95 1.50 1.50 1.38
Chemicals 0.95 1.50 1.50 1.38
Rubber and plastic 0.95 1.50 1.50 1.38
Non-metallic mineral products 0.95 1.50 1.50 1.38
Basic metals 0.95 1.50 1.50 1.38
Machinery and equipment 0.95 1.50 1.50 1.38
Vehicles 0.95 1.50 1.50 1.38
Other manufacturing 0.95 1.50 1.50 1.38
Electricity 0.95 0.90 0.90 1.38
Gas 0.95 0.90 0.90 1.38
Water 0.95 0.90 0.90 1.38
Construction 0.95 0.90 0.90 1.38

13
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Table A.2 (continued)

VA Armington CET LES
Trade 0.95 0.90 0.90 1.38
Hotels and restaurants 0.95 0.90 0.90 1.38
Transport 0.95 0.90 0.90 1.17
Public administration 0.95 0.90 0.90 1.38
Other services 0.95 0.90 0.90 1.38

Notes: VA = CES value-added function; Armington = CES aggregation function for domestic demand (elasticities of substi-
tution between imports and domestic output); CET = Constant Elasticity of Transformation function for domestic output
(elasticities of transformation between exports and domestic supply); LES = Linear Expenditure system (elasticities of
household consumption with respect to total consumption spending) for households.

A.3. Base scenario

The base scenario represents a business-as-usual projection without policy changes and serves as a benchmark for comparisons. It runs from 2014
(our base year) to 2040. Under this scenario, the annual growth rates for real GDP at factor cost are exogenous. Specifically, we impose the observed
growth rate in real GDP at factor cost for the years 2015-2019, and an average growth of 3.4% during 2020-2040 (Fig. 5.1).

For the first five years, we use estimates from DANE. For the second period, we base our growth estimates on the pre-COVID-19 IMF World
Economic Outlook (IMF, 2019); i.e., the base scenario excludes the expected negative impacts of COVID-19. The exogenous part of TFP growth is
adjusted to generate these growth rates. In non-base scenarios, GDP growth is invariably endogenous. For total population and population in the labor
force age 15 to 64, we impose projections from the 2019 World Population Prospects of the UN Population Division.
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Fig. A.5. Base GDP growth rate, in percent.
Source: Authors’ calculations based on simulation results.

At the macro level, IEEM, like any other CGE model, requires the specification of equilibrating mechanisms (or “closures™) for three macroeco-
nomic balances: government, savings-investment, and the balance of payments. For the base scenario, the following closures are used: (a) government:
its accounts are balanced via adjustments in net foreign financing; (b) savings-investment: household savings adjust to accommodate exogenous GDP
shares for domestic private investment while foreign (private) investment is financed via the balance of payments and government investment is
covered within the government budget; and (c) balance of payments: the real exchange rate equilibrates this balance by influencing export and import
quantities and values; the non-trade-related payments of the balance of payments (transfers and non-government net foreign financing) are non-
clearing, kept fixed as shares of GDP.

In addition, assumptions must be made for exogenous variables for the base scenario. Among the government-related payments, tax rates are fixed
at base-year values. Fixed GDP shares at base-year values are imposed for the other payments: (a) government demand for (alternatively, government
provision of) government services; (b) transfers from government to households; and (c) domestic financing of the government. For non-government
payments, base-year GDP shares are similarly imposed over time for transfers from rest of the world to households, foreign direct investment, non-
government net foreign financing, and factor income to/from abroad.

Figs. A.6-A.9 show key macroeconomic and sectoral results for the base. As already stated, given that it is intended to be a business-as-usual
scenario, the base is set up to maintain the initial macroeconomic structure. Figs. A.6 and A.7 show the evolution of the levels of GDP, foreign

14
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trade, and domestic final demand aggregates. In Fig. A.5, this information is translated into average annual growth rates, which are near identical
across the different indicators (at 4.9-5.0% per year during the period 2019-2030). At the sector and island level, the GDP growth rates are generally
close to aggregate GDP growth (Fig. A.6 and Table A.5).

For agriculture (i.e., crops and livestock), growth is lower due to slow growth of land supplies and low-income elasticities of demand. GDP growth
is strong enough to reduce the (broadly defined) unemployment rate, from 9.1% in 2014 to 5.4% in 2040. The real wage grows at a rate of 2% per year
on average. In per-capita terms, household consumption grows at a rate of 2.9% per year.

In what follows, all shocks (i.e., deviations from the base scenario) are introduced during the period 2020-2030; i.e., base and non-base scenarios
are the same up to and including 2019.
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Fig. A.6. Base, selected macroeconomic indicators, in billion 2014 pesos.
Source: Authors’ calculations based on simulation results.

15



O. Banerjee et al.

Ecological Economics 182 (2021) 106929

1,200 450
- 400
s 1,000 a
2 - 350 8
& 800 - 300 %
S
- 250
£ 600 =
S - 200 £
[}
+§ 400 150 E
- - 100 +
o 200 o
- 50
0 ! r 7T 7 17T 17T 17 17T 17T 17T 17T 17T 17T 17 17 T T T 1T T T T T T T T1 0
< O 00 O N < OO0 O N < O 0 O
T 1 N N N N N DMOH” o on o0 on <
O OO OO0 OO0 0O O O O O O
AN &N &N AN AN N AN AN NN AN
—&— Private consumption ——Government consumption
——Private investment Government investment

Source: Authors’ calculations based on simulation results.

Fig. A.7. Base, domestic final demands, in billions of 2014 pesos.
Source: Authors’ calculations based on simulation results.
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Fig. A.8. Base, real annual macroeconomic growth 2019-2025, in percent.
Source: Authors’ calculations based on simulation results.
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Fig. A.9. Base, real annual sector growth 2019-2025, in percent.
Source: Authors’ calculations based on simulation results.

Appendix B. Details of scenario design

This section provides additional information on scenario design.
B.1. Business-as-usual scenario (BASE)

The BASE scenario is the business-as-usual scenario which projects the Colombian economy to 2035 without the implementation of any new public
policy or investment. It is the reference scenario to which all subsequent scenarios are compared. To calibrate our expectations on the growth tra-
jectory of the economy, we draw from International Monetary Fund projections and assume that GDP grows on average at 3.7% per year over the
period 2019 to 2035 (IMF, 2019). Population projections were obtained from Colombia’s National Administrative Department of Statistics (DANE).
The supply of agricultural land grows by the rate of deforestation which is 0.3% per year across all of Colombia’s 32 departments and extractive
natural capital assets grow at the same rate as GDP.

B.2. Deforestation increase (DEFINC)

The first non-baseline scenario implements a 16% increase in annual deforestation between 2018 and 2035. This increase in deforestation is based
on recent analysis by Fergusson et al. (2014) which showed that deforestation in recently demilitarized zones increased by 16%. This rate of
deforestation is close to the observed rate of 20% per year between 2016 and 2018 (DNP, 2019). In this scenario, the allocation of deforested land
between alternative uses is endogenous and responds to relative prices.

B.3. Deforestation decrease (DEFDEC)

This scenario simulates a 75% reduction in deforestation between 2018 and 2035, which would be expected to arise through more effective land-
use planning, enforcement of forest law and improved monitoring of the agricultural frontier. As with the previous scenario, the allocation of
deforested land between alternative uses is endogenous and responds to relative prices.

B.4. Deforestation Decrease and Agricultural Total Factor Productivity Increase (DEFDECTFP)

This scenario implements the 75% reduction in deforestation as the previous scenario as well as a 5-percentage point increase in agricultural Total
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Factor Productivity (TFP) between 2018 and 2022. This implies a 12.5% increase above BASE TFP from 2022 onward.

For all scenarios, at the macro level, IEEM requires the specification of the balance mechanism for three macroeconomic equilibria.

For the non-base scenarios, these mechanisms are: (i) clearing of government fiscal imbalances through changes in household income tax rates.
This assumption ensures that the simulations are budget neutral, that is, there is no additional domestic and/or foreign financing beyond baseline
values; (ii) private investment is endogenous and marginal propensity to save clears the savings and investment balance, and; (iii) the real exchange
rate adjusts to equilibrate inflows and outflows of foreign exchange, by influencing export and import quantities. This feature ensures that the sce-
narios are neutral in terms of changes in region net foreign assets. The non-trade-related payments of the balance of payments follow exogenously

imposed paths.
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