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Summary 
 
Threshold 21 (T21) integrates economic, social, environmental, and resources sectors in 
a single national sustainable development model, which provides national planners with 
an analytical tool to understand the complex interrelationships among these sectors and 
to make decisions about where to invest scarce resources. T21 has three unique features 
which make it an exceptionally powerful and user-friendly tool for policy exploration: 
1) The model has no secrets. Its assumptions, structures (relationships among sectors 
and between variables), equations, and data, are “transparent,” which means they are 
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readily available to the user for review, verification, and even modification; 2) A user-
friendly interface has been developed for the model to make it easy for decisionmakers 
and users who have only limited experience with either computers or models to begin 
using the model in a matter of minutes; 3) T21 is designed in a modular way, which 
means that new sectors can be developed and added to the model with ease, and existing 
sectors can be taken out completely, or taken out, modified, and then put back into the 
model. In that sense T21 is a work in progress and is being improved constantly, as new 
requests from countries arrive, or as new data and methods become available. This 
paper starts with the introduction of the purposes, sectors, and functions of T21, 
followed by its data sources, and hardware and software requirements. After explaining 
the validation process of the model, an application of T21 to a sub-Saharan country for 
development policy analysis is presented. 
 
The Threshold 21 model is an integrated assessment tool for application to any 
country— developing to developed. By this we mean that it (a) integrates many sectoral 
models, including economic production, finances, resources, environment, 
demographics, and social capital, in a transparent fashion, (b) simulates the short- and 
long-term consequences of alternative policies, and (c) permits easy comparison to 
reference scenarios and analysis of any scenario by tracing causes and consequences of 
change. The model provides policymakers and other users not with precise predictions 
but with the relative consequences of present and alternative strategies. 
 
1. Purpose, Structure, and Function of the Model 
 
1.2. Purpose 
 
Threshold 21 was developed specifically for national sustainable development planning. 
It answers both the general question of national development strategy and specific, 
sectoral questions.  
 
The general question is: How will the economic growth, social development, and 
environmental conditions of a country change if incentives shift the balance of 
investment funds among the sectors of the economy? 
 
T21 answers many specific questions. For example: 
 
• How should agricultural funds be divided among competing uses, such as irrigation 

projects and fertilizer subsidies? 
• How will the total population and population pyramid change in 20 years if total 

fertility rate starts to change today in a certain pattern? 
• How will national savings rate affect GDP growth rate? 
• How will water availability influence harvested area and crop yields in the long run? 
• How will greenhouse gas emission change due to deforestation and fossil fuel 

consumption? 
• What would be the long-term consequences if girls are not encouraged to attend 

school? 
• If more fuel-efficient stoves were available to farmers so they use less fuelwood, 

how would the deforestation rate change? 
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• If irrigated land is doubled in 5 years using groundwater, how soon will the 
groundwater be depleted? 

• How vulnerable is a country to fluctuating (variable) world oil prices? 
• If the national government continues its past trend of deficit spending, what will its 

debt (both domestic and foreign) be like in the future? 
 
In addition to answering questions, Threshold 21 can help national planners make 
decisions. We all have to make decisions today that shape our tomorrow. Before 
computer models were available, we all used the alternative—our mental models. When 
making decisions on national or regional development, knowledge from a single person 
using his or her mental model is not enough. When a group of people is assembled on 
even one particular development issue, each will have his/her own assumptions, data, 
and mental models. How are they to share their data, assumptions, and mental models? 
How are they to communicate? How can they test their assumptions and mental 
models? How can they reach a consensus? It was to help people share data, 
assumptions, and mental models that we developed Threshold 21 for facilitating 
communication, testing, and consensus-building. 
 
1.2. Structure 
 

 
 

Figure 1. Overview of Threshold 21 model structure 
 
In this diagram economic production is at the focal point, with inputs from natural 
resources (land and energy), labor, capital, technology, and quality of education. Out of 
production comes income, exports, and pollution. Income is divided between 
consumption and investment, and investment is further divided into different sectors 
much like a pie being cut into different portions. Sectors include energy, industry, 
agriculture, services, military, environment, and social services, which covers 
education, family planning, and health care. Consequences of these investments feed 
back to production either directly or indirectly. 
 
On the right hand side of this diagram is the balance of payment sector that ties in 
imports, exports, and foreign reserves. 
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The actual model is much more complex than the overview diagram shows. Major 
sectors and the dynamics among them are introduced below. 
 
1.2.1. Dynamics 
 
The dynamics of the model are controlled by several thousand feedback loops among 
the more than 1000 variables. The major driving force of growth in the model is positive 
feedback. Two important positive feedback loops are (a) production provides income, 
some of which is invested and results in increased production; and (b) people give birth, 
and those births increase the population. 
 
Many negative feedback loops related to policy, markets, resources, and environment 
regulate growth from the positive feedback loops. Two important negative feedback 
loops are (a) population naturally has deaths and deaths mean less population; (b) 
capital depreciates and as a result there is less capital. 
 
1.2.2. Economy 
 
The economic sector includes National Accounts, savings-investment balance, 
investment by sector, foreign debt, foreign exchange reserves, and balance of trade. 
Market and policy decisions combine to shift investments among the seven sectors: 
agriculture, industry, services, energy, environment, social services, and military.  
 
Capital in each sector increases with investments and decreases with depreciation. 
 
The trade sector simulates total imports and exports measured in dollar values, and 
imports and exports of energy (measured in heat) and food (measured in weight). 
 
The model calculates both government debt and national debt. National debt is owed to 
foreign creditors. Government debt is owed to both foreign and domestic creditors. 
 
1.2.6. Population 
 
Population change is related to births, deaths, immigration, and emigration. Births are 
determined by conceptions. Deaths for each male and female age cohort are based on 
life tables and the analysis of the United Nation’s Population Database.  
 
Conceptions are directly influenced by two variables: the size of the sexually active 
female cohorts, and their total fertility rates. Total fertility rates are influenced by many 
variables, including capital in social services, per capita GNP, female literacy rate, and 
family planning effectiveness.  
 
1.2.7. Agriculture 
 
Agricultural productivity is the product of agriculture land and yield. 
 
Agricultural land increases with deforestation and conversion from fallow land, and 
decreases with land degradation, urban expansion, and population increase. 
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Land productivity is related to water availability, energy availability, soil quality, capital 
in agriculture (reflected in irrigation projects, machinery, and crop research funds), and 
agricultural technology. 
 
1.2.8. Industry and Services 
 
Industrial production and service production are the product of labor in these sectors 
and worker productivity. 
 
Worker productivity in industry and services is influenced by: capital in the sector, 
capital elasticity, energy availability, adult literacy rate, and technology. 
 
1.2.6. Energy 
 
Energy is classified into three categories: fossil fuel, nuclear, and renewable. Fossil fuel 
is further classified into oil, gas, and coal. 
 
Investment in energy is allocated to fossil fuel, nuclear, and renewable. Production of 
nuclear energy and renewable energy are related to capital in these two energy sub-
sectors. Production of fossil fuel energy depends on both capital and proven reserves. 
Oil, gas, and coal are modeled individually with interactions. 
 
Commercial energy demand depends on real GDP and energy technology. The 
difference between energy demand and energy production is energy exports or imports. 
The model assumes that needed imports of energy are partially met (depending on the 
country’s economic ability) from the rest of the world. 
 
1.2.8. Environment 
 
The environment (pollution) sector simulates the generation of air pollution of CO2, 
CH4, N2O, and SOx from energy consumption, and nonenergy industrial, agricultural, 
and residential activities. With an increased investment in environmental capital, the 
emissions of CH4, N2O, and SOx, (but not of CO2), decline after a delay. Carbon dioxide 
dissipation depends on the difference between national CO2 pollution intensity and the 
global average CO2 pollution intensity. The bigger the difference, the faster the 
dissipation. 
 
1.2.8. Social Sector 
 
The social service sector has its own capital and investment rate. Capital in Social 
Services influences education, health care, and family planning. 
 
The education sector simulates the primary school system, including students, teachers, 
and classrooms. Low ratios of students per teacher and students per classroom 
encourage enrollment and discourage dropouts. Graduates from primary schools are 
assumed to be literate who grow to be adults and change adult literacy rate. 
 
The health care sector simulates the numbers of doctors, nurses, hospital beds, and 
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immunizations, and from them the quality of health care indicator is derived. 
 
The food and nutrition sector computes the per capita intake of calories and protein. It 
computes the quality of nutrition against international standards. This sector includes 
separately both crop food and animal food. Animal food includes beef, mutton, pork, 
poultry, eggs, milk, and fish.  
 
1.2.9. Technology 
 
The technology sector simulates the technological advances in agriculture, industry, 
services, energy, and environment. The rate of technological advance is related to the 
characteristics of the sector and the investment rate for the sector. 
 
1.2.10. Rest of World 
 
The Rest of World sector simulates the world oil resource and global carbon in the 
atmosphere. When oil resource is further depleted, the real price of world oil will 
increase, affecting the ability of the country to meet its energy import demand. The 
global carbon concentration will affect the air pollution dissipation of the country. 
 
1.2.12. Other Sectors in Threshold 21 
 
Other sectors in Threshold 21 are water, forest, land use, greenhouse gas emission, 
government, and HIV/AIDS. 
 
1.2.12.Indicators in Threshold 21 
 
National Accounts as calculated in the World Bank’s Revised Minimum Standard 
Model-Extended 
 
UN Human Development Index (HDI) and Gender-related Development Index (GDI) as 
computed in UNDP’s Human Development Report 
 
World Bank’s Monitoring Environmental Progress (MEP) indicators 
 
EU Sustainable Development Indicators of Economy (per capita GDP, investment 
percentage in GDP, industrial value added, per capita energy consumption, and 
percentage of renewable in energy production) 
 
EU Social Indicators of Development (population growth rate, net immigration rate, 
total fertility rate, infant mortality rate, unemployment rate, women per 100 men in 
labor force, population density, and percentage of urban population) 
 
EU Indicators of the Environment (emissions of CO2, N2O, SOx, and CH4, per capita 
domestic water consumption, per capita arable land, agriculture land, and forest land) 
 
Selected indicators from UNICEF, UNCSD, UNFPA, and UN Common Country 
Assessment (CCA) 



UNESCO – 
EOLS

S

SAMPLE
 C

HAPTERS

INTEGRATED GLOBAL MODELS OF SUSTAINABLE DEVELOPMENT - Vol. II - The Threshold 21: National Sustainable 
Development Model - Weishuang Qu, Gerald O. Barney, Douglas Symalla, and Leslie Martin 

©Encyclopedia of Life Support Systems (EOLSS) 
 

1.2.13. Functions 
 
Threshold 21 can be used by individuals as a learning tool, or by a group of people as a 
communication and consensus building tool. It is also a powerful tool for policy 
analysis, for contrasting long-term consequences of different policies. 
 
With the structure of relationships among variables clearly diagrammed and the 
equations visible to the users, Threshold 21 allows an individual researcher or a 
decisionmaker to see how other people (in this case, the model) think. For instance, CO2 
emission in the model comes from three sources: forest land change, cement production, 
and fossil fuel consumption. It further defines how much CO2 is released with each unit 
change in each of these sources. The equations and parameters for calculating CO2 
emission are based on reliable sources which are referenced in the Threshold 21 
documentation. But if you disagree with the CO2 emission sources, or if you want to use 
different equations to calculate it, you can quickly change Threshold 21 according to 
your mental model and test it, which will help you learn more about not only the 
Threshold 21 model, but also your own mental model, and the conditions of the country. 
You can also implement different policies, such as in investment allocation, or forest 
protection, or family planning, then run the model to generate different scenarios. By 
comparing results from these scenarios for the short-term and long-term, you will find 
out which policies are better than others. 
 
When a group of people is assembled to make decisions related to sustainability at the 
national level, Threshold 21 can serve as a communication tool as each participant’s 
mental model can now be viewed by the whole group. During the group discussion, it is 
much easier to understand each other with the help of Threshold 21. Different 
hypotheses can be tested with Threshold 21, and finally, differences can be more clearly 
identified or resolved, resulting in either improved understanding of each other or larger 
consensus on the directions or decisions to take. 
 
Once consensus is reached and the model is satisfactorily developed, it can be used for 
policy analysis, to test different what-if assumptions (see section 6 for more details). 
 
2. Data-Supporting System of the Model 
 
The following is a list of major data sources to support Threshold 21: 
 
• Data published by national statistics agencies 
• World Bank, World Development Indicators 1998, on CD-ROM 
• Food and Agriculture Organization, FAOSTAT 1997, on CD-ROM 
• US Department of Agriculture, World Agriculture, Trends and Indicators, 1970–91, 

USDA, 1993 
• Immigration and Naturalization Service, US, 1993 Statistical Yearbook  
• UN Population Division, Sex and Age Annual, 1950–2050 (The 1994 revision) (on 

disks) 
• United Nations Statistics Division, The United Nations Energy Statistics Database 

(1995), New York, June 1997 (on disks) 
• US Department of Energy, Annual Energy Review 1993, Energy Information 
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Administration, July 1994 
• UNDP, Human Development Report 1997, Oxford, 1997 
• World Resources Institute, World Resources 1994–95, New York: Oxford 

University Press, 1994. 
• United States Department of the Interior, Mineral Facts and Problems, Bureau of 

Mines Bulletin 667 
• Central Intelligence Agency, US, The World Factbook 1997 
• The World Bank, Purchasing Power of Currencies, Comparing National Incomes 

Using ICP Data, The World Bank, 1993 
 
Even with access to all the above data sources and many more, it is impossible to find 
all the data items required by Threshold 21. For instance, Threshold 21 uses the Cobb-
Douglas (CD) Production Function for industry and services, and the CD Production 
Function requires the capital elasticity of production for a specific country as input data. 
So far we have not been able to find this data, so we have developed an algorithm to 
estimate it. Another example is fertility distribution, which is the probability distribution 
of women giving births at different ages. Again we have not found that data for every 
country, so we have to use a general format and modify it for a specific country based 
on historical fit. 
 
- 
- 
- 
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