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Modeling Climate Change and Its Impacts: Law, Policy and Science 

Daniel A. Farber
1
 

I.  Introduction  

 Use of models has become increasingly central to the regulatory process.  Modeling is 

sometimes even explicitly mandated by Congress.
2
  The potential benefits are manifold. 

ñComputer modeling,ò according to a leading environmental law scholar, ñnarrows the range of 

uncertainties related to pollution impacts and causal pathways that have plagued environmental 

policymaking on all levels.ò
3
 In turn, ñ[b]etter forecasting allows potential problems to be 

spotted before they emerge and helps to target policy interventions.ò
4
  As a result of improved 

forecasting, he says, the ñevolutionary process of policy evaluation and refinement through trial 

and error thus can be sped up dramatically.ò
5
  

 But not everyone would agree with this optimism about modeling.  Environmental 

modeling is hardly foolproof,
6
 and we are still learning how it can best be used in environmental 
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protection.
7
  There are some basic questions to be addressed about environmental modeling. 

How much of the potential of modeling has already been realized?  What are the potential pitfalls 

of modeling?  How can the regulatory and legal systems best make use of models?  Climate 

modeling provides an ideal setting for exploring the larger issues related to modeling. These 

models are both important in their own right and paradigms of sophisticated scientific models.
8
   

 This article has two goals: providing legal and policy analysts with a basic understanding 

of the types of computer models that are used in studying climate change, and thinking through 

the uses and limitations of these models for courts and agencies.  The article proceeds in four 

stages.  Part II analyzes the models used by climate scientists to understand climate change.  
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Some of the models are mind-bogglingly complex, requiring weeks to run on the most powerful 

supercomputers.  Even the simplest models may be challenging to understand for scientific 

novices.  As we will see, we have good reason to rely on these models, but we must also 

recognize that considerable areas of residual uncertainty remain.  

 Another kind of computer modeling is helpful in bridging the gap between the models of 

climate change and the people who must apply their results. Part II also discusses the role of 

geographic information systems (GIS) in understanding climate impacts.  These modeling 

systems convert data to interactive maps.  Given the complexities of climate change such models 

are especially important in making information accessible to policymakers and members of the 

public.  For many users, GIS models will be the interface between them and the climate 

scientistsô work. 

 In Part III , we consider the probable response of courts to computer modeling, an issue 

that can arise in judicial review of administrative proceedings and in ordinary civil litigation.  

Court are just beginning to confront the use of climate models, but it seems likely that they will 

find these models reliable enough for use in litigation and in administrative decisions.  The 

distinctive processes that climate scientists have designed for testing and improving models 

should provide additional assurance to courts. The main pitfall may be over-reliance on any 

single model without acknowledging model limitations or recognizing the importance of 

confirmation from other models and observations.  
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 Part IV considers the implication of model uncertainty ï the risk that a model has failed 

to capture the dynamics of the process it is simulating.
9
   Model uncertainty should diminish as 

our modeling efforts improve.  Nevertheless, the models now provide considerable confidence 

about the existence of human-originated harmful climate change, but they leave uncertainty 

about regional effects and downside risks.  Economic models are particularly subject to 

uncertainty. Climate policy must be designed with these uncertainties in mind. 

 Because this article covers a good deal of fairly diverse terrain, it may be helpful to 

identify four key ñtake awayò points: 

 Climate models establish a lower end estimate for global temperature impacts, but the 

distribution is less clearly bounded on the high side ï or in simpler terms, the high-

end risk may be considerable.  The models are better at predicting temperature 

patterns than precipitation patterns, and global predictions are considerably firmer 

than more localized ones.   

 Economic models are much less advanced, and their conclusions should be used with 

caution.  Unfortunately, economists are not always careful about incorporating 

uncertainty into their policy recommendations.  Economic models should receive less 

weight than climate models in the policy process. 

                                                 
9
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 Climate scientists have created a unique institutional system for assessing and 

improving models, going well beyond the usual system of peer review.  

Consequently, their conclusions should be entitled to considerable credence by courts 

and agencies.  Model findings should receive particular weight when they converge 

with other models and when confidence intervals have been determined.  Judges have 

less capacity than agencies to assess models and therefore should place more weight 

on consensus determinations such as the IPCC. 

 Model predictions cannot be taken as gospel.  There is considerable residual 

uncertainty about climate change impacts that cannot be fully quantified.  The 

uncertainties on the whole make climate change a more serious problem rather than 

providing a source of comfort.  The policy process should be designed with this 

uncertainty in mind.  For instance, rather than focusing on a single cost-benefit 

analysis for proposed regulatory actions, the Office of Management and Budget 

(OMB), which oversees federal regulatory policy, might do better to require the 

development of standardized scenarios for agencies to use. 

 Apart from the direct legal and policy relevance of climate modeling, studying the 

models also suggests a broader lesson.  The models demonstrate the powerful interdependence of 

our world.  Human actions in one part of the world affect climate far across the globe, which in 

turn drives other climate changes.  Pictures from space allow us to envision that essentially unity 

of our planetôs physical, biological and social systems.  Climate modeling is beginning to show 

us how these systems are wired together.   
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II.  Models and Climate Change Policy 

 Climate scientists rely heavily on very complex, sophisticated computer models of the 

climate system.  Decision makers need to be aware of the strengths and weaknesses of these 

models, lest they either exaggerate the degree of uncertainty about climate change ï often an 

excuse for inaction ï or act with a misguided confidence that the situation is fully understood. 

 A.  An Overview of Climate Modeling 

 A popular science writer gives a particularly clear explanation of the basics, discussing a 

particular model called GISS: 

Like all climate models, GISSôs divides the world into a series of boxes.  Thirty-three 

hundred and twelve boxes cover the earthôs surface, and this pattern is repeated twenty 

times moving up through the atmosphere. . . . [I]n the world of the model, features such 

as lakes and forests and, indeed, whole mountain ranges are reduced to a limited set of 

properties, which are then expressed as numerical approximations.  Time in this grid-

world moves ahead for the most part in discrete, half-hour intervals, meaning that a new 

set of calculations is performed for each box for every thirty minutes that is supposed to 

have elapsed in actuality.  Depending on what part of the globe a box represents, these 

calculations may involve dozens of different algorithms, so a model run [may involve] 

more than a quadrillion separate operations.  A single run of the GISS model, done on a 

supercomputer, usually takes about a month.
10

 

                                                 
10
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(2006). 
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The model calculates changes in each block based on fundamental laws and on 

ñparameterizations.ò These parameterizations approximate complex physical processes with 

simpler equations that capture the physical results but without all the details of the process.  

 Climate modeling has developed quickly over the past few decades.
11

  The publications 

on climate research have doubled approximately every eleven years since the middle of the last 

century.
12

  Supercomputer speed has increased by a million-fold in the past three decades.
13

 

There has been a shift from traditional supercomputers (in which all processors use the same 

memory space) to massively parallel machines in which each processor has its own memory.
14

  

As everyone knows, chip speeds have also grown exponentially. These technological advances 

allow models to be more fine-grained (smaller cells providing more detail on processes) and 

enable the incorporation of ocean currents and other factors too complex for the early models.
15

  

Faster computer speeds also allowed ensemble runs in which model parameters are varied in 

order to study their effect on climate.
16

 

 Initially, ñclimate modeling was dominated by atmospheric physicists and no one without 

a sound training in fluid dynamics, radiative transfer or numerical analysis could hope or expect 

to make a contributionò
17

  Early models were derived from weather prediction models.
18

 These 

early models approximated some processes such as ocean/atmosphere interactions. The 

                                                 
11

 A detailed discussion can be found in Herve Le Treut et al., Historical Overview of Climate Change Science, in 

CLIMATE CHANGE 2007: THE PHYSICAL SCIENCE BASIS, CONTRIBUTION OF WORKING GROUP I TO THE FOURTH 

ASSESSMENT REPORT OF THE INTERVGOVERNMENTAL PANEL ON CLIMATE  CHANGE (2007). 
12
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 Id. at 112. 
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17
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approximations produced problems due to gaps in the ocean data; the problems in turn had to be 

compensated by adding ñfluxesò to keep the models from drifting off course.
19

  Some models 

continue to use fluxes, while others have been able to model the physical processes more 

directly.
20

  The ozone hole over Antarctica provided the impetus for including atmospheric 

chemistry in models.
21

 (The chemicals that caused the ozone problem are potent greenhouse 

gases.
22

)  

 Today, Atmospheric-Ocean General Circulation Models (AOGCMs) are able to include 

consideration of aerosols (such as sulfur dioxide plumes caused by industrial sources), river and 

estuary water mixing (affecting ocean salinity), sea ice, and terrestrial processes.
23

  Instead of 

using rough approximations (like average levels of cloudiness in a given locale), models are 

increasingly able to ñrepresent such processes as cloud particles and raindrop formationò to 

ñpredict the distributions of liquid and ice clouds.ò
24

  Models also increasingly incorporate the 

terrestrial biosphere, including vegetation and soil carbon cycles.
25

  Many factors turn out to be 

relevant: snow-vegetation interactions, evaporation from forest canopies, and soil moisture.
26

 

                                                 
19

 Id. at 117.  Perhaps ironically in light of the origin of the models, there is now some tension between the views of 

climate scientists and those of meteorologists about matters such as the relationship of climate change to hurricane 

intensity.  This topic is explored in depth in CHRIS MOONEY, STORM WORLD: HURRICANES, POLITICS, AND THE 

BATTLE OVER GLOBAL WARMING (2007). 
20

 MCGUFFIE AND HENDERSON-SELLERS, supra note  , at 7. 
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 Id. 
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 Id. at 602. 
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Some models, however, treat vegetation and land use as fixed, however, rather than as 

responding to climate change.
27

 

 As one scientist succinctly put it, ñfirst-class modeling requires first class data.ò
28

The 

data used as input for climate modeling has also improved, with more sophisticated 

measurements for surface sea temperature (SST),
29

 satellite data, and more careful and 

comprehensive data sets of ground-based measures.
30

  Because of the improved monitoring 

network when Mount Pinotuba erupted, scientists were able to make great advances in 

understanding the climate impacts of volcanic eruptions.
31

 Nevertheless, gaps in the data remain. 

We still need better data about such matters as ocean surface heat content and evaporation.
32

 We 

still lack hydrological data needed to initialize and validate models.
33

  Thus, a great deal remains 

to be done to provide the raw material for AOGCMs. 

 AOGCMs are very powerful, even without the full data that we would ideally like to 

have, but their power comes at a price.
34

 AOGCMs are complex and correspondingly expensive 

and slow.  These models take roughly twenty-five or thirty person-years to code.
35

  (Yet even 

                                                 
27
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 Id. at 116. 
31
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33

 MCGUFFIE AND HENDERSON-SELLERS, supra note  , at  199. 
34

 The demands posed by these models will only increase. To deal with needed model improvements, ñthe United 

States will need at least a thirtyfold increase in high-performance computing resources within the next five years.ò  

COMMITTEE ON STRATEGIC ADVICE ON THE U.S. CLIMATE CHANGE SCIENCE PROGRAM, supra note , at 110. 
35

 MCGUFFIE AND HENDERSON-SELLERS, supra note . at  4. 
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these models are ñfar removed in complexity from the full climate system.ò
36

)  They typically 

divide use grid points two to five degrees apart,
37

 using about twenty layers to model the 

atmosphere and tracking changes over twenty minute intervals.
38

  Because of their computational 

demands, it is not feasible to use them for long-term projections or to large numbers of runs to 

provide a probability distribution of outputs.   

 To allow longer-term trend analysis, climate scientists also use Earth Models of 

Intermediate Complexity (EMIC).
39

  There is no such thing as a typical EMIC; what they have in 

common is simply that ñone or more aspects of the full climate system is neglected or 

parameterized with the goal of including a process or time-frame that could not otherwise be 

resolved with the available resources.ò
40

 EMIC outputs hold up well against direct observations 

and AOGCM results.  Using ensembles of EMIC runs also allows a fuller exploration of 

uncertainties in long-term projections.
41

  Essentially, EMICs offer a way to simulate the more 

complex models (which themselves simulate the real world.)
42

  EMICs include realistic 

representations of basic geographic features like the shape of continents and ocean basins.
43

  

EMICs are ñnot suitable for quantifying uncertainties in regional climate change or extreme 

events,ò but they can be used for large assembles (i.e., running many simulations) or for 

simulations extending over long time periods.  Thus, some EMICs can be used for systematic 

sampling of possible parameter values in order to develop probability distributions of 

                                                 
36

 Id. at  9 
37

 Id. at  56.  Since there are 360 degrees of latitude and longitude, this means means dividing the earthôs surface into 

roughly 2500- 20,000 pieces. 
38

 Id. at  56. 
39

 For a detailed discussion of EMICs, see id., at  117-153. 
40

 MCGUFFIE AND HENDERSON-SELLERS, supra note  , at  150. 
41

 RANDALL , supra note , at 592. 
42

 Id. at 643. 
43

 Id. at 644. 
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outcomes.
44

  EMICs also allow in-depth exploration of the impact of specific processes, such as 

very detailed consideration of atmospheric chemistry.
45

 

 Even more stripped down are Simple Climate Models (SCMs).  They represent the major 

components of the global system as boxes, predicting global surface temperature changes using 

ñan energy balance equation, a prescribed value of climate sensitivity and a basic representation 

of ocean heat uptake.ò  They can be used to extrapolate results from AOGCMs or study 

interactions between global variables.
46

  Even simple models seem to have predictive validity: 

for example, they do well at modeling the impact of volcanic eruptions on climate.
47

 

 B.  The Place of GCMs in Climate Policy 

 First, how sure can we be that climate change is a genuine threat? The most reliable 

source is the 2007 report of the Intergovernmental Panel on Climate Change (IPCC), which 

explains the scientific consensus.  According to the IPCCôs report: 

Global atmospheric concentrations of carbon dioxide, methane and nitrous oxide have 

increased markedly as a result of human activities since 1750 and now far exceed pre-

industrial values determined from ice cores spanning many thousands of years.  The 

global increases in carbon dioxide concentration are due primarily to fossil fuel use and 

land-use change, while those of methane and nitrous oxide are primarily due to 

agriculture.
48

 

                                                 
44
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 Id. at 54. 
46
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48
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The IPCC report is the result of an exhaustive review process: 

Forty governments nominated the 150 lead authors and 450 authors of Climate Change 

2007: The Physical Science Basis.  Authors had their draft chapters reviewed by all 

comers.  More than 600 volunteered, submitting 30,000 comments.  Authors responded to 

every comment, and reviewers certified each response.  With their final draft of the 

science in hand, authors gathered in Paris, France with 300 representatives of 113 nations 

for 4 days to hash out the wording of a scientist ïwritten Summary for Policymakers.
49

 

 Because of improvements in modeling and data, the 2007 Report was able to eliminate 

some concerns that had previously been raised about climate change.  In particular, four key 

issues were resolved.  First, could evidence of warming be skewed because previously rural 

measurement sites have been swept into urban areas, which are warmer than their surroundings?  

The answer is no. While the urban heat-island effect, caused by the tendency of urban concrete 

and asphalt to absorb heat, is real, it is ña negligible influenceò on overall temperature.  Second, 

do satellite measurements show that the world is not really warming (unlike the ground level 

measurements)?  Again, the answer is no. The previous discrepancy between earth-based and 

satellite-based temperature measurements has been resolved by improved satellite measurements, 

which are more in line with the earth-based results.  Third, could warming be due to natural 

forces?  Again, no.  While natural forces such as volcanoes and variations in solar intensity can 

influence climate and have done so in the past, these natural variations cannot produce the 

                                                                                                                                                             
explains that ñthe understanding of anthropogenic warming and cooling influences on climate has improved since 

the Third Assessment Report (TAR), leading to very high confidence  that the globally averaged net effect of human 

activities since 1750 has been one of warming, with a radiative forcing of +1.6 [+0.6 to +2.4] W m
2
.ò Id. at 4. 

49
 Scientists Tell Policymakers Weôre All Warming the World, 315 SCIENCE 754 (2007). 



 13 

currently observed patterns of climate change.  And fourth, is it plausible to think that small 

changes in the gas composition of the atmosphere could cause significant climate change?  Yes, 

the evidence does show that the climate system is sufficiently sensitive to atmospheric 

composition to produce the observed climate change, as shown by the response to other 

disturbances such as the Mount Pinatubo eruption of 1990.
50

  Resolving these issues eliminates 

some of the residual uncertainty that had still clouded discussions of climate change, leaving 

little room for doubt that human-caused climate change is real and serious. 

 Of course, complete scientific certainty is never possible, and the IPCC claims only that 

its conclusions are highly likely (over 90%).  But social policy can never be based on complete 

certainty.  We make major governmental decisions based on social science evidence such as 

economic theories that are subject to much less intensive scrutiny.  Climate change models are 

imperfect, but highly credible.  Overall, according to the IPCC,  

There is considerable confidence that AOGCMs provide credible quantitative estimates 

of future climate change, particularly at continental and larger scales.  Confidence in 

these estimates is higher for some climate variables (e.g., temperature) than for others 

(e.g., precipitation).
51

 

In short, the evidence for climate change is imperfect, but probably stronger than much of the 

evidence society uses to make life-or-death decisions. 

 C.  Limitations and Critiques 

                                                 
50

 Id. at 755. 
51

 RANDALL , supra note , at 591. 



 14 

 Even todayôs most sophisticated models have their limits.  For example, clouds are 

responsible for up to two-thirds of the light reflected by our planet, but they contain complex 

dynamics and have only been partially modeled.
52

  This limitation can make a substantial 

difference.  Experiments with a model in the early 1990s showed that global average temperature 

increases could increase from two degree Celsius up to five, depending on what approximations 

were used for cloud behavior.
53

  As an IPCC report says, ñ[i]t is somewhat unsettling that the 

results of a complex climate model can be so drastically altered by substituting one reasonable 

cloud parametrization for another. . . .ò
54

  

 Also, like predictions of weather, predictions of climate may be inherently probabilistic.  

Efforts using the same model to predict the climate for a particular time in the future may differ 

in different model runs.
55

  In comparison, predictions of average, long-term climate properties 

are the goal of most modelers, and these predictions are more stable.
56

  As a recent article 

explains: 

 . . . . On lead times of less than 10 years, the signal of anthropogenic climate 

change is relatively small compared to natural decadal climate variability, and 

uncertainties in initial conditions dominate the overall uncertainty of the prediction. 

 By contrast, climate predictions on time scales of a century are much less 

sensitive to initial conditions, because the signal of anthropogenic climate change is 

much larger at longer time scales and because more elements of the climate system have 

                                                 
52

 Truet, supra note , at 114. 
53

 Id. at 114. 
54

 Id. 
55

 Truet, supra note , at 117. 
56

 Id. at 117, 118. 
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a ñmemoryò of past climate-forcing factors that is shorter than a few decades.  The major 

source of uncertainty here lies in the future anthropogenic emissions of greenhouse gases 

and aerosols.
57

 

Another source of uncertainty in longer-term projections relates to the parameters covering some 

features of atmospheric behavior, which are not known precisely.
58

  It is possible, however, that 

there are multiple equilibria, making it difficult to be confident of outcomes given the limitations 

of measurement for the initial condition and other variables.
59

  Another advance in modeling is to 

give more explicit attention to uncertainty by providing confidence intervals for predictions.
60

 

 Models differ significantly in their predictions.  Disagreement about climate sensitivity is 

one indication of model differences.  Climate sensitivity means the equilibrium average 

temperature change resulting from a doubling of carbon dioxide concentrations ï thus, climate 

sensitivity indicates what the temperature will be in the very long run, after transitional effects 

have damped down.  It is ñlargely determined by internal feedback processes that amplify or 

dampen the influence of radiative forcing on climate.ò
61

  As it turns out, the biggest source of 

differences between models relates to cloud formation and effects on heat radiation.
62

 Clouds 

reflect light back into space, but also trap heat emitted from below; the balance between these 

processes is complex.
63

 

                                                 
57

 Peter Cox and David Stephenson, A Changing Climate for Prediction, 317 SCIENCE 207, 208 (2007). 
58

 Id.  As a result, the most reliable forecasts are for lead times between thirty and fifty years. The authors suggest 

that better data about current conditions could help pin down the parameters. Id.   
59

 Truet, supra note . at 117. 
60

 Id. at 121. 
61

 RANDALL , supra note , at 629. 
62

 Id. at 633. 
63

 Id. at 635.  The IPCCôs summary on clouds is as follows: 
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 Given that the models are necessaril y imperfect, what reasons do we have for crediting 

their results?  Perhaps the most basic reason is that the cores of the models are based on well-

understood laws of physics relating to fluid behavior, thermodynamics, radiation absorption, and 

other processes.
64

   

 In addition, models have undergone three important ñreality checks.ò  First, some models 

have been successfully tested for short-term and season weather forecasting, with good results.  

This provides some grounds for confidence that major weather factors have not been omitted.
65

 

 Second, models have been tested at the component level.  Standardized tests are applied 

to the components through organized activities, such as regularly held Workshops on Partial 

Differential Equations on the Sphere.
66

   The physical parameters in the models are tested 

through case studies, run by programs specializing in cloud systems, atmospheric radiation, and 

other topics.
67

 

 Third, models are tested against past and present climate.  They have been extensively 

used to simulated twentieth century climate changes.
68

  The results are encouraging: 

Models show significant and increasing skill in representing many important mean 

climate features, such as the large-scale distributions of atmospheric temperature, 

                                                                                                                                                             
Despite some advances in the understanding of the physical processes that control the cloud response to 

climate change and in the evaluation of some components of cloud feedbacks in current models, it is not yet 

possible to assess which of the model estimates of cloud feedback is the most reliable.  However, progress 

has been made in the identification of the cloud types, the dynamical regimes and the regions of the globe 

responsible for the large spread of cloud feedback estimates among current models. 

Id. at 638. 
64

 See RANDALL , supra note  , at 600. 
65

 Id. at 593. 
66

 Id. at 594. 
67

 Id. at 594. 
68

 Id. at 595. 
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precipitation, radiation and wind, and of oceanic temperatures, currents and sea ice cover.  

Models can also simulate essential aspects of many of the patterns of climate variability 

observed across a range of time scales.  Examples include the advance and retreat of the 

major monsoon systems, the seasonal shifts of temperatures, storm tracks and rain belts, 

and the hemispheric-scale seesawing of extratropical surface pressures (the Northern and 

Southern ñannular modes.ò)
69

 

For example, there has been ñsteady progressò in simulating and predicting El Niño events.
70

  

Models have also been successful in simulating global statistics of extreme events, especially 

heat and cold waves.
71

  It is difficult to check models against pre-industrial history because the 

weather data from those periods is spotty and its interpretation is controversial.
72

  In addition, we 

do not have completely firm evidence about the magnitude of other climate drivers such as solar 

and volcanic activity.
73

 

 Notably, the models collectively outperform any individual model.  Researchers have 

found that ñaverages across structurally different models empirically show better large-scale 

agreement with observations, because individual model biases tend to cancel.ò
74

  We can also get 

some sense of the extent of uncertainty through running models with variations in parameters, 

since parametrization is a key aspect of model uncertainty.  One such effort found a 90% percent 
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probability that climate sensitivity (the response to doubling pre-industrial CO2 levels) was 

between 2.4 and 5.4 °C.
75

  The study found essentially no chance that climate sensitivity is below 

1 °C, but a high-side range extending (with low probability) past 8 °C.
76

 

 It should be noted that modeling issues do not necessarily mean that we are 

overestimating the harm of climate change.  The models may well be underestimating the threat. 

For example, for reasons that are still poorly understood, sea level rise has been about twice as 

fast as the models predict.
77

  It is also important to note that the economic models used to 

calculate the costs of climate mitigation are less developed than the climate models,
78

  and as we 

will see in the next subsection, they contain considerable uncertainties and may well 

underestimate the economic impact of climate change. 

 For those of us who are not experts in climate science, there are limits to the degree with 

which we can confidently form independent judgments about the validity of the models now 

being used.  Having done what we can to understand the basis for their judgments, at some point 

we must also give weight to consensus among climate scientists regarding climate change 

projections.  Given the convergence of available models and observational evidence and the 

large degree of agreement among the experts in projecting at least two to three degrees of 
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warming and its attendant effects such as sea-level rise, current scientific findings are the best 

guide we can find to action.
79

  

 D.  Integrated Assessment Models: Adding Economics to Climate Models 

 For policymaking purposes, we would like to know not only how much climate change to 

expect, but what costs these changes will impose on society and what it would cost to ameliorate 

climate change.  Unfortunately, our knowledge of these economic issues is still quite crude. 

 There are now about a dozen models that couple climate change predictions to economic 

analysis.
80

  These models differ in a number of dimensions: their focus on the energy sector or 

reliance on a broad macroeconomic analysis, the degree to which they analyze localized versus 

average global impacts, and their treatment of uncertainty.
81

  Model results differ 

correspondingly. 

 For example, the Mendelsohn model estimates impacts for five market sectors and find 

positive economic effects for temperature increases up to about 4 °C, whereas the Toll model 

finds small net economic losses at all levels in terms of global output but estimates the losses to 

be twice as high when measured in terms of individual welfare rather than dollars (because many 

of the costs fall on poorer populations).
82
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 The Nordhaus model included a broader range of impacts (market and non-market) and 

also made the first effort to take into account the economic costs of potential catastrophic 

impacts.
83

  The Nordhaus model found nonlinear effects of climate change, so that a 6 °C change 

produces about twice as much harm as a 4 °C change.
84

   Despite these attractive features, the 

Nordhaus model also has significant limitations where modeling had to be based on assumptions 

rather than data or theory.  To take a few examples: 

 The calculations of the impact of sea level rise exclude storms, impacts on undeveloped 

lands, and storm damage, which the authors attempt to compensate for with what they 

consider a conservative estimate.
85

 

 The shift away from carbon intensive energy sources is assumed to follow historical 

trends, rather than reflecting incentives for new technologies.
86

 

 The cost of catastrophic harm was roughly estimated via a survey of experts followed by 

some ñassumptionsò about the degree of harm.
87

 

In contrast to Nordhaus, the Stern Report uses a model called PAGE2002IAM and finds 

considerably higher levels of harm.
88

 

 Models also differ in their assessments of the costs of complying with the Kyoto 

Protocol, with the range running from negligible losses to at least one to two percent of GDP, 
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annually.
89

  The models differ in terms of three critical assumptions about the timing of 

abatement efforts, the types of policy instruments used, and the likelihood of technological 

innovation.
90

  Other relevant factors include the willingness of economic actors to substitute 

away from high carbon technologies and trends in energy efficiency.
91

 

 There are similar difficulties in modeling the costs of mitigating and adapting to climate 

change.  Most of the model results are in the range of two to five percent of GDP in 2050.  

However, the range spans from a four percent gain in GDP due to reduced use of carbon to a 

fifteen percent loss of GDP.
92

  A meta-analysis shows that key factors in explaining these 

differences include the following:  whether revenue from carbon taxes is recycled; what kinds of 

technological changes are assumed; whether shifts in energy sources have non-climate benefits; 

and whether the model includes international carbon trading.
93

  Hopefully, economists will be 

able to narrow the uncertainty, but it is discouraging that at this point they cannot even agree on 

the sign of the economic effect. 

 Many of the individual elements of the economic impact analysis are the subjects of 

serious debate.  For instance, economists hotly dispute the net effect of climate change on 

agriculture, with some finding an overall positive effect on U.S. agriculture (but with very large 

regional variations),
94

 while others find substantial negative effects.
95

  If we do not even know 
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the sign of important elements of the economic impact, predicting overall impact (taking into 

account all of the feedback loops of the economy) is obviously going to be difficult. 

 Modeling the systemic economic impact of climate change as well as the costs of 

adaptation and mitigation involves tremendous challenges, particularly if the projection goes out 

more than a few years.
96

  As Nordhaus and Boyer say, it ñmust be emphasized that attempts to 

estimate the impacts of climate change continue to be highly speculative.ò
97

 To begin with the 

model, the economic model must build on the outputs of climate models, which are themselves 

uncertain.  Then there is the difficulty of forecasting the future trajectory of the economy over 

future decades.  This clearly cannot be done in detail ï for example, no forecaster in 1970 would 

have predicted the explosive growth of personal computers, let alone the Internet, neither of 

which existed at the time.   

 Even efforts to forecast at a cruder level must rely heavily on the assumption that the 

future will on average be much like the recent past ï for example, that technological progress 

will continue at something like its current pace and that some unforeseen catastrophe will not 

cause an economic crash.  Even predictions for specific economic sectors are difficult. Past 

experience with models that project energy use do not lend much confidence to these predictions:  

the projections have generally been too high, by as much as a factor of two.
98

  Projecting 

                                                                                                                                                             
95

 Wolfram Schlenker, W. Michael Hanemann & Anthony C. Fisher, The Impact of Global Warming on U.S. 

Agriculture: An Econometric Analysis of Optimal Growing Conditions, 88 REV. ECON. AND STATISTICS 113 (2006). 
96

 A good overview of modeling issues can be found in J.C. Huracade, et al., Estimating the Costs of Mitigating 

Greenhouse Gases, in CLIMATE CHANGE 1995: ECONOMIC AND SOCIAL DIMENSIONS OF CLIMATE CHANGE: 

CONTRIBUTION OF WORKING GROUP III  TO THE SECOND ASSESSMENT REPORT OF THE INTERGOVERNMENTAL PANEL 

ON CLIMATE CHANGE (James P. Bruce, Hoesung Lee & Erik F. Haites eds. 1996).  Of course, in the decade since 

this report, models have improved in their capacity to handle these issues. 
97

 Nordhaus and Boyer, supra note , at 86.  This does not, however, impede them from issuing confident policy 

pronouncements. 
98

 Stephen J. DeCanio, Economic Models of Climate Change: A Critique 138-143 (2003). 



 23 

adaptation is made more difficult by the institutional barriers that may prevent optimal use of 

adaptation.
99

  The uncertainties go both ways: to the extent that climate change scenarios are 

based on projections of future emissions, they implicitly make assumptions about future political 

and economic developments. 

 One of the oddities of the economic models is the occasional disconnect between the 

description of the model and the conclusions.  For example, in terms of the Nordhaus model, the 

description of the model and the policy recommendations seem to be written by different 

people.
100

  The description of the model is replete with qualifications:  ña major uncertainty in 

the model involves projecting the growth of . . . . total factor productivityò
101

; ñthere are no well-

established empirical regularities and very little history can be drawn uponò regarding the link 

between climate change and the economy
102

; there are ñmajor uncertainties about the long-run 

trajectories of economic growth in different regionsò
103

; regional growth models ñare difficult to 

validate or estimate and are subject to large and growing projection errors as they run further into 

the futureò
104

; and so forth.
105

  Yet, the policy implications are precise and unqualified:   

damages ñfor the United States, Japan, Russia, and China are essentially zeroò until 2100 
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(assuming no catastrophe materializes)
106

; a delay of ten years in implementing mitigation ñleads 

to a trivially small net lossò
107

; limiting global emissions to 1990 levels causes a net ñdiscounted 

loss of $3 trillionò
108
; ñan efficient climate-change policy would be relatively inexpensive and 

would slow climate change surprisingly littleò
109
; and the ñKyoto protocol has no economic or 

environmental rationale.ò
110

  These policy prescriptions would be more accurate if each of them 

were prefaced with ñOur best informed guess is that . . . .ò, or perhaps even better, ñIn one 

plausible scenario, . . . .ò
111

  And indeed, other economists seem to have informed guesses that 

are quite different or different plausible scenarios in mind. 

 Outputs of various economic models are so far apart as to make it perilous to rely on any 

one model or even a small subset.  According to a recent review, ñcost estimates of Kyoto 

emissions reductions diverge by a factor of about 500 (and not all estimates show an economic 

loss.)ò
112

  There is also evidence of a systematic bias in ex ante economic studies to overestimate 
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the cost of complying with environmental regulations.
113

  We can only speculate about the 

reasons for this finding, but the following possibilities come to mind: (1) estimates rely on 

industry supplied data, which is biased because of the industryôs interest in projecting high 

compliance costs to defeat regulations;  (2) estimates rely on existing technology or ignore other 

potential compliance measures such as process changes, thereby underestimating the ability of 

innovations to reduce costs; or (3) the studies of cost projections themselves have flaws, such as 

some unknown selection biases in the cases studied.  In any event, estimates of mitigation costs 

must be taken with a large grain of salt. 

 Overall, economic modeling is at a very primitive stage compared with climate modeling.  

Much of this is unavoidable ï our knowledge of human behavior is simply far less developed 

than our knowledge of physical processes.  In the end, social sciences such as economics 

continue to lag far behind the physical sciences ï human beings are much more complicated than 

clouds, and we cannot even model clouds very well. 

 Rather than simply making ñbest guessò predictions about future economic impacts, it 

might be better for economic modelers to also present a range of scenarios relating to future 

economic factors, leaving it to policymakers to sort out how these potential economic effects 

should figure into the determination of policy.  This would leave the uncertainties closer to the 

surface, which makes decision-making more difficult, but also more realistic. 

 In any event, it is clear that courts and agencies should approach cost-benefit analyses of 

climate change with some caution.  Given the high degree of uncertainty and disagreement 

between models, it would be a mistake to view any particular economic analysis as definitive.  
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This is entirely apart from other vexing issues in cost-benefit analysis, such as the difficult issue 

of what discount rate should be applied once costs and benefits have been determined. 

E.  Geographic Information Systems as a Tool for Adaptation Decisions 

 For the results of climate models to be useful to decision makers, their output needs to be 

presented in understandable form.  This is especially true in terms of mitigation, where decision 

makers are likely to have expertise in other areas and to be interested in climate change only as it 

affects their own agendas. Decisionmakers also need to be able to link climate impacts with 

demographic, economic, and other factors, in order to think about the local impacts of and 

responses to climate change.  A different form of computer modeling may be most relevant for 

these decisions. Geographic information systems may provide the ideal method of informing 

decisionmakers. 

 Adaptation ï steps taken to ameliorate the effects of unavoidable climate change -- has 

not received nearly as much attention as mitigation, but we can already begin to see the outlines 

of adaptation needs.
114

  Of course, the scale adaptation required relates to the degree of 

mitigation: if we do nothing to limit emissions, climate change will be more drastic and the costs 

of adaptation will be correspondingly higher.  The IPCC notes that adaptation covers a wide 

spectrum of responses: 

The array of potential adaptive responses available to human societies is very large, 

ranging from purely technological (e.g., sea defences), through behavioural (e.g., altered 

food and recreational choices) to managerial (e.g., altered farm practices), to policy (e.g., 
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planning regulations). While most technologies and strategies are known and developed 

in some countries, the assessed literature does not indicate how effective various options 

are in fully reducing risks, particularly at higher levels of warming and for vulnerable 

groups. In addition, there are formidable environmental, economic, informational, social, 

attitudinal and behavioural barriers to the implementation of adaptation. For developing 

countries, availability of resources and building adaptive capacity are particularly 

important.
115

 

Few of these measures are costless, and some may turn out to be quite expensive.  

 GIS is not yet a term in common usage, but it may be on its way. One of the most popular 

and accessible forms of GIS has been provided by Google: 

The idea is simple. It's a globe that sits inside your PC. You point and zoom to anyplace 

on the planet that you want to explore. Satellite images and local facts zoom into view. 

Tap into Google search to show local points of interest and facts. Zoom to a specific 

address to check out an apartment or hotel. View driving directions and even fly along 

your route.
116

 

Viewers can also superimpose other layers, such as road maps, shopping locations, parks, and 

other facilities.  Microsoft has a similar, though as of yet less elaborate site.
117

 All of this is fun 

and moderately useful, but it only scratches the surface of GIS.
118
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 GIS is still under development.  Two of the biggest challenges are to move from two to 

three-dimensional mapping and to include a temporal dimension so that changes over time can 

be easily tracked.  Moreover, better modeling of the ways that different features interact is 

needed.
119

  There are some other subtle pitfalls.  Source maps often do not contain good-quality 

information. Errors may be compounded when translating existing maps into digital format. 

 It is clear that our governance system struggles to deal with complex, multidimensional 

eco-system problems, particularly those involving multiple governmental bodies.
120

  GIS can 

help decisionmakers and the public understand systemic relationships by displaying them 

graphically.  For example, if climate change increases flood risks in a particular area, a GIS 

system can display the areas of increased risk, superimposed on demographic and economic data, 

making the information much easier to grasp.  More sophisticated systems might allow users to 

experiment with how changes in wetlands affect their ability to buffer flood risks or how 

increased upstream development increases these risks.   

 The biggest issue with GIS mapping may be its very accessibility and clarity, which may 

cause users to underestimate the amount of uncertainty associated with projections.  As we have 

seen, uncertainty is a pervasive aspect of climate modeling.  For instance, a map showing flood 

impacts may cause users to overlook the possibility that floods may be greater than projected.  

Also, mapping decisions may truncate the levels of risks considered.  For instance, a decision to 

portray the 100-year floodzone is useful but may lead users to neglect the serious impacts of 
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possible two or three hundred year flood events, which may also deserve consideration in the 

planning process. 

 Despite these potential pitfalls, GIS has great potential for helping to bridge gaps between 

the experts and decisionmakers as well as members of the public.  Climate change will require 

large-scale decisions on mitigation strategies as well as very localized decisions about planning 

for oncoming changes in climate.  Neither kind of decisions (nor those in between), can be 

simply left in the hands of experts.  GIS can help make the democratic process work better in 

terms of these complex issues. 

I II .  Legal Acceptance of Models 

 Courts do not have much familiarity with complex computer models, and nothing in the 

professional training of judges prepares them to understand these models in any depth.
121

  For 

some judges, models may seem disconnected from the real world, as well as being inscrutable in 

their operation.  This section considers the question of how courts should respond to evidence 

based on computer models of climate change. 

 A.  Admissibility of Model Results in Litigation 

 It is easy to see ammunition for cross-examination in some of the limitations of climate 

models.  Consider some of the caveats of leading climate scientists about their own findings. For 

example, the IPCC states that the ñmagnitude of cryospheric feedbacks remains uncertain, 

contributing to the range of model climate responses at mid- to high latitudeò; that ñbiases and 
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long-term trends remain in AOGCM control simulations,ò that ñsimulation of the Madden-Julian 

Oscillation (MJO) remains unsatisfactoryò; and that ñ[s]ystematic biases have been found in 

most modelsô simulation of the Southern Ocean.ò
122

  Also, we are told, ñimportant deficiencies 

remain in the simulation of clouds and tropical precipitation (with their important regional and 

global impacts).ò
123

  Words like uncertainty, systematic biases, and important deficiencies are 

music in the ears of cross-examiners. 

 These questions could also be raised in an effort to block expert witnesses who might 

testify about model results.  Current restrictions on expert testimony stem from a trilogy of 

Supreme Court cases. 

 The foundational case, Daubert v. Merrell Dow Pharmaceuticals, Inc.,
124

 involved a 

claim that birth defects had been caused because the plaintiffsô mothers had used Bendectin, an 

anti-nausea medication.  The plaintiffsô experts believed that Bendectin caused birth defects,  

These experts based their conclusions on test tube and animal studies, structural similarities with 

other chemicals known to cause birth defects, and reanalysis of published epidemiological 

studies. The question before the Court was whether this expert textimony was admissible. 

Rejecting the previous requirement that scientific findings be ñgenerally acceptedò in the 

scientific community in order to be admissible,
125

 the Supreme Court used the occasion to 

announce a new approach to the admission of expert testimony.  The Court emphasized the need 

to determine the reliability of the expert testimony.  Although it said the inquiry was a flexible 

one, it emphasized certain key factors: 
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