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Comment

Subhra Bhattacharjee: The discussion on climate change is fraught with 
controversies, largely because of the uncertainties associated with its causes 
and consequences. This paper is part of the relatively recent and growing 
body of literature that seeks to quantify the possible effects of climate change, 
particularly in the farm sector. It is extremely difficult to quantify the extent of 
climate change in any particular geographical region, and only recently have 
there been systematic empirical analyses of the economic impacts of climate 
change. The usual practice in these studies is to use changes in long-run aver-
ages and variability in weather patterns to stand in for the changes in climate. 
This paper takes the same approach to model the impact of climate change 
on choice of enterprise by households in South America.

Agriculture, livestock, and forestry are among the most weather-dependent  
enterprises, and thus they display the earliest impacts of climate change. 
Changes in land use, primarily in agriculture and forestry, also account for 
about 20 percent of global greenhouse gas emissions. As a result, the major-
ity of empirical economic analyses of climate change are concentrated in 
this area. Most studies focus on one side of the two-way causality—either 
the impact of climate change on one or more of agriculture, livestock, and 
forestry or the impact of land use changes on total emissions.

In most of the literature on the impact of climate change on agriculture, 
livestock, and forestry, the dependent variable is land values, yields, or farm 
profits, with a range of climate, soil, market, and farm characteristics as the 
independent variables.1 Many of these studies rely on pooled or panel data 
sets, though some studies also use cross-sectional data. Niggol Seo’s paper 
is among the smaller body of work that uses the choice of enterprise—or 
land use—as the dependent variable. It is a logical next step for the author 

1.  Schlenker, Hanneman, and Fischer (2005, 2006); Schlenker and Roberts (2009); 
Kurukulasuriya and Mendelsohn (2008).
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2.  For example, FAPRI (2004); Tyrell and others (2004).

after his earlier work on crop choice, livestock choice, and choice of agricul-
tural systems in South America using the same data set.

The strength of this paper lies in its focus on enterprise choice rather than 
land value or farm profits. From the policymaker's perspective, understand-
ing the impact of climate change on land use or choice of enterprise could 
be of more direct use than the impact of climate change on land values 
or farm profits because a policymaker would be concerned about changes 
in farm profits and land values largely to the extent that they affect farm-
ers’ choice of land use, input use, or demand for insurance. The value of 
modeling the impact of climate change on enterprise choice lies in inform-
ing policy that seeks to affect either the product mix from the agriculture, 
livestock, and forestry sectors or their total emissions. This paper, in pre-
dicting the impact of changes in temperature and precipitation on enter-
prise choice, could inform those policy efforts. Moreover, this exercise is 
undertaken for a large region spanning seven countries and a wide range of 
soil and weather conditions.

A weakness of the exercise, however, is that it seeks to model enterprise 
choice without using any choice-specific variables. The independent vari-
ables in the paper can be categorized under four headings: climate-related 
variables (such as temperature, precipitation, and functions thereof); soil 
type; geographical variables (including flat land, altitude, distance from port, 
and country of location); and farm or household characteristics. All of these 
variables remain the same for a household or farm regardless of its choice of 
enterprise. The set of independent variables does not include any variable that 
is different for different enterprises. Furthermore, other than access to elec-
tricity, this set does not include any variable that can be changed by policy. 

This compromises the usefulness of the work for policymakers. If the 
enterprise mix is expected to shift over time on account of climate change 
and if a policymaker, concerned about food security or carbon emissions, 
wants to prevent such a shift, the first instrument of choice would likely be the 
relative price or the price of a key input. The sensitivity of enterprise choice to 
prices would then provide a clear idea of the magnitude of taxes or subsidies 
required to steer an adequate number of households toward or away from a 
particular enterprise choice.

A number of sophisticated land-use models can map specific policy changes 
into changes in land use and from there into changes in output and emis-
sions while controlling for a wide range of factors.2 These models can make 
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predictions about the impact of changes in weather-related variables and also 
provide predictions on responses to policy changes in the short term, condi-
tioning for climate, geographic, use-specific, and sociodemographic vari-
ables. The approach used in this paper requires less data than these models, 
but the exclusion of choice-specific variables buys the lower data require-
ments at the cost of usefulness for policy. Including one or more such vari-
ables would enhance the usefulness of the work and also refine the paper’s 
econometrics by allowing the identification of the individual parameters.

Another area in which this approach could be extended is in modeling 
risk aversion. The latent variable underlying enterprise choice in this paper is 
profit from an enterprise, not utility from profit. Modeling behavior in terms 
of utility maximization rather than profit maximization will enable the author 
to model risk aversion without requiring any additional data. 

Latin America is likely to be very strongly affected by climate change in 
the short to medium term. The impact of climate change is already showing 
up in the more frequent incidence of extreme weather events. Not only are 
land use patterns going to change in response to climate change, but such 
changes in land use patterns will likely affect the pace of climate change 
through emissions. In parts of South America, land use changes account for 
as much as 50 percent of total greenhouse gas emissions. A shift from crops 
or forestry into livestock would sharply increase the emission of these gases. 
This work complements the existing literature by exploring the direction and 
implications of these changes.



S. Niggol Seo   1 3 9

References

Adams, Richard M., and others. 1990. “Global Climate Change and U.S. Agricul-
ture.” Nature 345 (May): 219–24.

Ainsworth, Elisabeth A., and Stephen P. Long. 2005. “What Have We Learned 
from 15 Years of Free-Air CO2 Enrichment (FACE)? A Meta-Analysis of the 
Responses of Photosynthesis, Canopy Properties, and Plant Production to Rising 
CO2.” New Phytologist 165 (2): 351–72.

Anderson, K. 2009. Distortions to Agricultural Incentives: A Global Perspective, 
1955–2007. Washington: World Bank.

Baethgen, Walter E. 1997. “Vulnerability of the Agricultural Sector of Latin America 
to Climate Change.” Climate Research 9 (December):1–7.

Basist, Alan, and others. 1998. “Using the Special Sensor Microwave Imager to Moni-
tor Land Surface Temperature, Wetness, and Snow Cover.” Journal of Applied 
Meteorology 37 (9): 888–911.

Boer, George, Greg Flato, and Dave Ramsden. 2000. “A Transient Climate Change 
Simulation with Greenhouse Gas and Aerosol Forcing: Projected Climate to the 
Twenty-First Century.” Climate Dynamics 16: 427–50.

Butt, Tanveer A., and others. 2005. “The Economic and Food Security Implications 
of Climate Change in Mali.” Climatic Change 68 (3): 355–78.

Cline, William. 1996. “The Impact of Global Warming on Agriculture: Comment.” 
American Economic Review 86 (5): 1309–11.

Committee on Foreign and Emerging Diseases. 2007. Foreign Animal Diseases: The 
Gray Book. St. Joseph, Mo.: U.S. Animal Health Association.

Emori, Seita, and others. 1999. “Coupled Ocean-Atmospheric Model Experiments of 
Future Climate Change with an Explicit Representation of Sulfate Aerosol Scat-
tering.” Journal of the Meteorological Society of Japan 77 (6): 1299–307.

Evenson, Robert E., and Douglas Gollin. 2003. “Assessing the Impact of the Green 
Revolution, 1960–2000.” Science 300 (5620): 758–62.

FAO (Food and Agriculture Organization). 2003a. Digital Soil Map of the World. 
CD-ROM. Rome. Available online at www.fao.org/geonetwork/srv/en/metadata.
show?id= 14116 (accessed March 2004).

———. 2003b. The State of the World’s Forests 2003. Rome.
FAPRI (Food and Agricultural Policy Research Institute). 2004. “Documentation  

of the FAPRI Modeling System.” FAPRI-UMC Report 12-04. University of 
Missouri, College of Agriculture, Food, and Natural Resources.

Gitay, Habiba, and others. 2001. “Ecosystems and Their Goods and Services.” In 
Climate Change 2001: Impacts, Adaptation, and Vulnerability. Contribution of 
Working Group II to the Third Assessment Report of the Intergovernmental Panel 
on Climate Change, edited by James J. McCarthy and others, pp. 237–342. Cam-
bridge University Press.

Hahn, G. LeRoy. 1981. “Housing and Management to Reduce Climatic Impacts on 
Livestock.” Journal of Animal Science 52 (1): 175–86.



1 4 0   E C O N O M I A ,  Spring  2012

Houghton, Richard A. 2008. “Carbon Flux to the Atmosphere from Land-Use 
Changes: 1850–2005.” In TRENDS: A Compendium of Data on Global Change. 
Oak Ridge, Tenn.: U.S. Department of Energy, Oak Ridge National Laboratory, 
Carbon Dioxide Information Analysis Center.

Joyce, Linda A., and others. 1995. “Forest Sector Impacts from Changes in Forest 
Productivity under Climate Change.” Journal of Biogeography 22 (4–5): 703–13.

———. 2000. “Potential Consequences of Climate Variability and Change for  
the Forests of the United States.” In Climate Change Impacts on the United 
States: The Potential Consequences of Climate Variability and Change, edited 
by the National Assessment Synthesis Team, pp. 489–522. Cambridge Univer-
sity Press.

Kurukulasuriya, Pardeep, and Robert Mendelsohn. 2008. “Crop Switching as an 
Adaptation Strategy to Climate Change.” African Journal of Agriculture and 
Resource Economics 2 (1): 105–26.

Kurukulasuriya, Pradeep, and others. 2006. “Will African Agriculture Survive Cli-
mate Change?” World Bank Economic Review 20 (3): 367–88.

Magrin, Graciela, and others. 2007. “Latin America.” In Climate Change 2007: 
Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the 
Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 
edited by Martin L. Parry and others, pp. 581–615. Cambridge University Press.

Markowitz, Harry. 1952. “Portfolio Selection.” Journal of Finance 7 (1): 77–91.
Mata, Luis José, and Max Campos. 2001. “Latin America.” In Climate Change 2001: 

Impacts, Adaptation, and Vulnerability. Contribution of Working Group II to the 
Third Assessment Report of the Intergovernmental Panel on Climate Change, 
edited by James J. McCarthy and others. Cambridge University Press.

Matthews, Elaine. 1983. “Global Vegetation and Land Use: New High-Resolution 
Data Bases for Climate Studies.” Journal of Climate and Applied Meteorology 
22 (3): 474–87.

McFadden, Daniel. 1974. “Conditional Logit Analysis of Qualitative Choice 
Behavior.” In Frontiers in Econometrics, edited by Paul Zarembka, pp. 105–42. 
New York: Academic Press.

McFadden, Daniel, and Kenneth Train. 2000. “Mixed MNL Models for Discrete 
Response.” Journal of Applied Econometrics 15 (5): 447–70.

Mendelsohn, Robert O., and others. 2007. “Measuring Climate Change Impacts with 
Satellite Versus Weather Station Data.” Climatic Change 81: 71–83.

New, Mark, and others. 2002. “A High-Resolution Data Set of Surface Climate over 
Global Land Areas.” Climate Research 21 (1): 1–25.

Nin, Alejandro, Simeon Ehui, and Samuel Benin. 2007. “Livestock Productivity in 
Developing Countries: An Assessment.” In Handbook of Agricultural Economics, 
vol. 3, edited by Robert E. Evenson and Prabhu Pingali, pp. 2467–532. Amster-
dam: North Holland.

Nordhaus, William D., and Joseph Boyer. 2000. Warming the World: Economic Mod-
els of Global Warming. MIT Press.



S. Niggol Seo   1 4 1

Parry, Martin L., and others, eds. 2007. Climate Change 2007: Impacts, Adaptation, and 
Vulnerability. Contribution of Working Group II to the Fourth Assessment Report 
of the Intergovernmental Panel on Climate Change. Cambridge University Press.

Peters, Charles M., Alwyn H. Gentry, and Robert O. Mendelsohn. 1989. “Valuation 
of an Amazonian Rainforest.” Nature 339 (6227): 655–56.

Reilly, John, and others. 1996. “Agriculture in a Changing Climate: Impacts and 
Adaptations.” In Climate Change 1995: Impacts, Adaptations, and Mitigation of 
Climate Change. Contribution of Working Group II to the Second Assessment 
Report of the Intergovernmental Panel on Climate Change, edited by Robert T. 
Watson and others, pp. 427–68. Cambridge University Press.

Rosenzweig, Cynthia, and Martin L. Parry. 1994. “Potential Impact of Climate 
Change on World Food Supply.” Nature 367 (6450): 133–38.

Sanghi, Apurva, and Robert O. Mendelsohn. 2008. “The Impacts of Global Warm-
ing on Farmers in Brazil and India.” Global Environmental Change 18: 655–65.

Sankaran, Mahesh, and others. 2005. “Determinants of Woody Cover in African 
Savannas.” Nature 438 (7069): 846–49.

Schlenker, Wolfram, W. Michael Hanemann, and Anthony C. Fisher. 2005. “Will 
U.S. Agriculture Really Benefit from Global Warming? Accounting for Irrigation 
in the Hedonic Approach.” American Economic Review 95 (1): 395–406.

———. 2006. “The Impact of Global Warming on U.S. Agriculture: An Economet-
ric Analysis of Optimal Growing Conditions.” Review of Economics and Statis-
tics 88 (1): 113–25.

Schlenker, Wolfram, and Michael J. Roberts. 2009. “Non-linear Temperature Effects 
Indicate Severe Damages to U.S. Crop Yields under Climate Change.” Proceed-
ings of the National Academy of Sciences 106 (37): 15594–98.

Seo, S. Niggol. 2010a. “Is an Integrated Farm More Resilient against Climate Change? 
A Microeconometric Analysis of Portfolio Diversification in African Agriculture.” 
Food Policy 35 (1): 32–40.

———. 2010b. “A Microeconometric Analysis of Adapting Portfolios to Climate 
Change: Adoption of Agricultural Systems in Latin America.” Applied Economic 
Perspectives and Policy 32 (3): 489–514.

Seo, S. Niggol, Bruce A. McCarl, and Robert O. Mendelsohn. 2010. “From Beef 
Cattle to Sheep under Global Warming? An Analysis of Adaptation by Livestock 
Species Choice in South America.” Ecological Economics 69 (12): 2486–94.

Seo, S. Niggol, and Robert O. Mendelsohn. 2008a. “A Ricardian Analysis of the 
Impact of Climate Change on South American Farms.” Chilean Journal of Agri-
cultural Research 68 (1): 69–79.

———. 2008b. “Measuring Impacts and Adaptations to Climate Change: A Struc-
tural Ricardian Model of African Livestock Management.” Agricultural Econom-
ics 38 (2): 151–65.

Seo, S. Niggol, Robert O. Mendelsohn, and Mohan Munasinghe. 2005. “Climate 
Change and Agriculture in Sri Lanka: A Ricardian Valuation.” Environment and 
Development Economics 10 (5): 581–96.



1 4 2   E C O N O M I A ,  Spring  2012

Seo, S. Niggol, and others. 2009. “A Ricardian Analysis of the Distribution of Cli-
mate Change Impacts on Agriculture across Agro-Ecological Zones in Africa.” 
Environmental and Resource Economics 43 (3): 313–32.

Smit, Barry, and Olga Pilifosova. 2001. “Adaptation to Climate Change in the Con-
text of Sustainable Development and Equity.” In Climate Change 2001: Impacts, 
Adaptation, and Vulnerability. Contribution of Working Group II to the Third 
Assessment Report of the Intergovernmental Panel on Climate Change, edited by 
James J. McCarthy and others. Cambridge University Press.

Sohngen, Brent, and Robert O. Mendelsohn. 1998. “Valuing the Impact of Large-
Scale Ecological Change in a Market: The Effect of Climate Change on U.S. 
Timber.” American Economic Review 88 (4): 686–710.

Solomon, Susan, and others, eds. 2007. Climate Change 2007: The Physical Science 
Basis. Contribution of Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. Cambridge University Press.

Steiger, Carlos. 2006. “Modern Beef Production in Brazil and Argentina.” Choices 
Magazine 21 (2): 105–10.

Tobin, James. 1958. “Liquidity Preference as Behavior towards Risk.” Review of 
Economic Studies 25 (1): 65–86.

Train, Kenneth. 2003. Discrete Choice Methods with Simulation. Cambridge Uni-
versity Press.

Tyrrell, Mary T., Myrna H. P. Hall, and R. Neil Sampson. 2004. “Dynamic Models 
of Land Use Change in the Northeastern USA: Developing Tools, Techniques, 
and Talents for Effective Conservation Action.” GISF Research Paper 003. Yale 
University, School of Forestry and Environmental Studies. 

Vedeld, Paul, and others. 2007. “Forest Environmental Incomes and the Rural Poor.” 
Forest Policy and Economics 9 (7): 869–79.

Washington, Warren, and others. 2000. “Parallel Climate Model (PCM) Control and 
Transient Scenarios.” Climate Dynamics 16 (10–11): 755–74.

Weitzman, Martin L. 2009. “On Modeling and Interpreting the Economics of Cata-
strophic Climate Change.” Review of Economics and Statistics 91 (1): 1–19.

World Bank. 2004. World Development Indicators. Washington.
———. 2008. World Development Report 2008: Agriculture for Development. 

Washington.
World Resources Institute. 2005. World Resources 2005: The Wealth of the Poor: 

Managing Ecosystems to Fight Poverty. Washington: World Resources Institute, 
in collaboration with United Nations Development Programme, United Nations 
Environment Programme, and World Bank.


