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1.  INTRODUCTION 

The climate change impacts community has long expressed concern regarding the coarse (100s of kilometers) resolution of climate change scenarios made available for impacts assessments and integrated assessments based on general circulation model (GCM) results. Higher resolution scenarios (10s of kilometers) have been requested.  There are now techniques available (regional climate modeling and statistical downscaling) for generating high resolution climate change scenarios (Giorgi and Mearns, 1999;  Wilby and Wigley, 1997). However, there has been little research indicating whether these scenarios result in important differences in the calculations of climate change impacts or in integrated assessments.  

Mearns et al. (1998, 1999, 2000a) recently established that the resolution of climate change scenarios can affect the determination of the impacts of climate change on regional crop yields in applying high and low resolution climate change scenarios to the central Great Plains of the U.S.  They investigated the effect of two different spatial scales of climate change scenarios on crop yields simulated by the EPIC crop model for corn, soybean, and wheat in the central Great Plains of the U.S. The effect of climate change alone was initially investigated.  The scenarios were formed from control and doubled CO2 runs of a high resolution regional climate model (RegCM) and the same from an Australian coarse resolution general circulation model (GCM), which provided the initial and lateral boundary conditions for the regional model runs. They also investigated the effect of two different spatial resolutions of soil input parameters to the crop models. They found that for corn and soybean in the eastern part of the study area, significantly different mean yield changes were calculated depending on the scenario used. Changes in simulated dryland wheat yields in the western areas were very similar, regardless of the scale of the scenario.  They also found that the spatial scale of soils had a strong effect on the spatial variance and pattern of yields across the study area, but less effect on the mean aggregated yields. They investigated what aspects of the differences in the scenarios were most important for explaining the different simulated yield responses.  For instance, contrasts in precipitation changes in June were most important for simulated corn and soybean in the eastern CSIRO grids. 

2. SOUTHEAST STUDY - SIMULATED CROP YIELDS

In a further study, we take this kind of analysis several steps further by investigating a different region,  a larger number of crops, and considering the effects on the regional agricultural economy. Specifically, as part of an integrated assessment of agriculture in the southeastern U.S., we examine the effect of the spatial scale of climate scenarios on specific levels of aggregation necessary for inputting the changes in crop yields into an agricultural economic model. The overarching goal is to establish the sensitivity of the regional economics to changes in crop yields calculated from the high and low spatial resolution climate change scenarios.       

Preliminary results of this study have been reported (Mearns et al., 2000b), and we provide a summary below.  What we report here is a refinement of the study.  

In the Southeast study, the same climate models were used (RegCM and CSIRO), but are applied to a different region. We formed two different resolutions of climate change scenarios from the control and doubled CO2 equilibrium experiments of the Australian CSIRO model and from experiments with the regional climate model RegCM that was driven by the boundary conditions from the CSIRO model.  We then used these scenarios to drive a number of crop models (CERES models and COTTAM) that represented the major crops produced in the southeastern U.S. (wheat, corn, rice, sorghum, soybean, cotton).   We ran (or are in the process of running) three different cases for each climate change scenario: 1) climate change only; 2) climate change plus direct CO2 effect; 3) case 2 plus    management adaptations (e.g., changed cultivars and planting dates). We focus results on the first two cases. 

We found in preliminary results that significantly different changes in yield resulted from the two different scenarios, when calculated on the common 50 km grid of the regional climate model, for all three cases. We examined the response of the crop models on three  different spatial scales: at the level of the 50 km grid scale (the scale of the observations and regional model), the scale of the entire region (Southeast), and then also the scale at which the yield results were aggregated for input to the Agricultural Sector Model (ASM) (state level). The states that make up our Southeast region include: Louisiana, Mississippi, Alabama, Florida, Georgia, South Carolina, Arkansas, Tennessee, and North Carolina.

Substantial contrasts in the changes in most of the crop yields were found at all three spatial scales, and for both the climate change only and climate change plus direct CO2 effects cases. On the regional scale cotton, sorghum, and soybean show substantial differences in the changes in yield according to the scale of the scenario.  Yields (e.g., climate change plus CO2 effects) substantially decrease for most crops (except cotton, which increases), but the decreases are greater for the high resolution (RegCM) scenario.  The increases in cotton yields were quite large, but smaller increases were found in the case of high resolution scenario. 

When we considered the changes in yield aggregated at the state level (the level of aggregation needed for the economic model), contrasts were more complex. For example, for corn many of the deep southern states experienced larger yield decreases with the coarse scenario, but the Carolinas suffered larger decreases with the fine scenario. The changes in yield for wheat, on the other hand, remained very similar at the state level, based on the resolution of the scenario. 

3.  SOUTHEAST STUDY - RESULTS OF ECONOMIC MODELING 

The Agricultural Sector Model (ASM) is a spatial  equilibrium model of the U.S. agricultural sector, which has been used in many analyses of the interaction between agriculture and climate change (e.g., Adams et al., 1995a,b). It allows for disaggregate analysis of regional impacts of change, with endogenous price adjustments. The model is the basis of many of the existing quantitative estimates of the economic impacts of climate change on U.S. agriculture.  The model represents production and consumption of primary agricultural products including both crop and livestock products.  

To usefully model the response of the ASM to the 

different sets of changes in yield,  the changes in the rest of the United States were needed, as well as changes in yields of crops necessary for the economic model, but not explicitly modeled in our study. We developed a coarser resolution observed climate data set for the rest of the U.S., and developed two different scales of climate change scenarios based on the CSIRO results over the rest of the U.S. and based on earlier runs of the RegCM for the western two thirds of the U.S. (Giorgi et al., 1998) and the Great Lakes region (G. Bates, pers. comm.), which also used the boundary conditions from the CSIRO. In this more refined analysis, compared to the preliminary results reported earlier (Mearns et al., 2000b), we represented the rest of the U.S. with more observation stations.  We feel the better coverage more completely represents the effects of the scenarios on crops in regions of the U.S. outside the Southeast. 

We then applied these scenarios to the appropriate crop models for the different units of the U.S. (usually states) used in the economic model. The changes in yields for crops we did not explicitly consider (e.g., citrus, tomatoes) were determined via a proxy method based on other crop simulations for similar studies of agricultural crop yield change over the U.S.                           

Finally, percentage changes in crop yields for the 63 primary spatial units of the ASM were produced, based on the two different climate change scenario resolutions. Only the case of crop yield changes from the climate change plus direct CO2 effects cases were considered for economic modeling. 

In this experiment, no changes in crop yields were assumed for countries outside the U.S.  It has been found in the past that the ASM is not particularly sensitive to such international changes. Our goal was to observe the sensitivity of the ASM to regionalization of climate change, and hence we are not as concerned about creating the most realistic context for the ASM as  would be the case in producing a policy oriented study. 

The economic model was run for the base case, and for the two climate change plus direct CO2 cases.  

We report here two of the main results, one indicating a country-wide change in economic welfare (within the agricultural sector) and another representing regional contrasts.  On a country-wide basis, the coarse scale scenario results in increased total surplus for the agricultural sector, but the fine resolution produces a small decrease. The change in total surplus depends primarily on the relative change in welfare based on the changes in consumer surplus and producer surplus. 

Regional index numbers for the total value of production, which is a measure of economic activity within the regions, show interesting contrasts across the regions, based on the scenarios (Table 1). The index is  based on a value of 100 indicating no change, a value less than 100 indicating  a decrease in activity and above 100 indicating increased activity. The Southeast and Appalachia show the largest decreases in activity for both scenarios, but the decrease with the fine scale scenario is much larger.  In the Northeast the coarse scale scenario results in a gain in activity, while the fine scale scenario shows a slight decrease.  Note also that considering all regions, there is a greater variability of regional response with the fine scale scenario compared to the coarse scale. 

Our analysis so far indicates the scale of climate change scenario substantially affects the simulation of changes in crop yields on various levels of spatial aggregation.  These results further confirm the earlier results of Mearns et al., 1999, 2000a, but for a larger 

region and a greater variety of crops. Moreover we have demonstrated that these contrasts in changes in yield 

are substantial enough to affect the results of an agricultural economic model both on national and regional levels. If one considers the aggregate national economic effects, in the case of the coarse scale scenario, one would conclude that the nation as a whole would economically benefit from climate change while in the fine scale case, one would conclude that climate change would be slightly economically undesirable. These contrasting results underscore the importance of the spatial scale of scenarios. 

4.  IMPLICATIONS OF RESULTS FOR REGIONAL MODELING

While we cannot conclude decisively that we have more confidence in the results from the regionalized (fine scale) scenario, we can say that the state of the art in regional modeling has progressed such that at least in regions of complex terrain the response of regional models to change in forcing is likely more realistic than that of coarse scale climate models.  The regional modeling results for some parts of the U.S. are thus likely more physically meaningful than the results from the driving GCM (CSIRO). 

It is clear that the uncertainty of spatial scale of climate scenarios requires more investigation.  The above study and the others referenced are examples from agriculture.  Other resource areas should also be 

investigated, such as water resources and human health. Moreover, this research would greatly benefit from more regional climate model experiments, using transient atmosphere-ocean GCM (AOGCM) runs for nesting.  Also, multiple regional climate models should be applied, since each model has unique characteristics (e.g., see Pan et al., 2000). Regional model experiments at resolutions higher than 50 km could also be of value, particularly in mountainous terrain (e.g., Christensen et al., 1998; Leung and Ghan, 1999).  But most important would be research that further demonstrates the robustness of regional climate model responses to changes in climate forcing.  

The research area of climate scenario formation from regional climate modeling results for applications to impacts is still in its infancy, but may be expected to become more and more important in the next few years. 
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Table 1: Regional Index Numbers for Total Value of Production.  Regions correspond to groupings used in the ASM model.

Scenario
North

East
Lake

States
Corn-

belt
North

Plains
Appala-chia
South

East
Delta

States
South

Plains
Moun-

tain
Pacific

CSIRO
116.4
130.0
94.3
106.7
88.2
91.0
121.3
109.1
128.2
151.3

RegCM
98.0
117.7
72.4
123.9
72.1
74.5
107.2
114.9
130.7
157.9
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