
Global Climate Models (GCMs) 
• Based in Physics – mathematically explained 
• E.g. Force = mass x acceleration, gravity 

• Atmosphere, ocean as fluids 
• All motions, changes known 

• Not based on empirical relationships 
• Don’t fit a line to samples of temperature 

measurements 
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Introduction 
To better assess these how climate change could 
affect multiple sectors, climatologists have created 
numerous downscaled climate projections (or 
downscaled datasets) which contain information 
from the  global climate models (GCMs) translated to 
local scales. Given the desire to use these datasets 
for decision making, and the lack of comparison 
between them, the goal of this project is to 
synthesize the information available in these 
downscaled datasets and provide guidance to those 
with specific interests in ecological modeling and 
conservation planning related to climate change.   
This project also provides several recommendations 
for users regarding how to choose which downscaled 
dataset to use, and how to appropriately use such 
datasets.   

Summary of Significant Results 

Recommendations 

Downscaling vs. GCMs 
Why bother with Downscaling?  Many physical 
processes occur at a resolution finer than the GCMs 
represent, so downscaling allows for a better 
representation of these processes.   
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Differences in Downscaling 
Every Downscaled Dataset is different in several 
ways including 
• Time Periods covered 
• Temporal Resolution – hourly, daily, monthly? 
• Area Covered – North America, Continental U.S., 

Southeast U.S. 
• Spatial Resolution – 50km, 15km, 12km? 
• Downscaling Technique used – Statistical vs. 

Dynamic – Differences in Technique lead to 
differences in accuracy. 

• Number of GCMs and Emissions Scenarios 
• Available output variables – temperature, 

precipitation etc. 

Statistical Downscaling Techniques 
• Based on statistical relationships between regional 

observations and the global scale 
• Pros – incorporate historical information, 

computationally inexpensive, flexibly crafted for specific 
purposes 

• Cons – require lots of observations, inherit GCM errors 
Dynamic Downscaling Techniques 
• Based on physical relationships similar to those in GCMs 
• Pros – Globally and physically consistent, many more 

variables modeled 
• Cons – computationally expensive, inherit GCM errors, 

still need to approximate some processes 

Hurricanes 

Complex Topography 

Hurricanes are an important 
source of rainfall in the 
Southeast, but not 
represented well in GCMs.  
Therefore, the year to year 
variability of rainfall 
associated with hurricanes is 
under-represented in the 
Eastern Carolinas by all the 
resulting downscaled datasets 
during September, the peak 
of the Atlantic Hurricane 
Season. 

Time and Space 

The Southern Appalachians has the most 
complex topography in the Southeast 
U.S.  This leads to sharp differences in 
temperature and precipitation over 
short distances.  Given the resolution of 
most downscaled datasets, these 
differences are a challenge to represent.   
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Every downscaled dataset will 
have a different time period it 
covers and different resolution.  
This is important to consider 
carefully what information is 
needed before choosing a 
downscaled dataset to use. 

While some studies have 
recommended the creation of 
4km resolution downscaled 
data, it is important to note that 
very few downscaled datasets 
already exist with that fine a 
resolution.  But is that what is 
really needed? 

Trade-offs 
Variables most often useful to ecologists in climate change studies 
include temperature, precipitation, evapotranspiration, and winds.  
Considering this sample as an example, there are some trade-offs 
between downscaled datasets created with different techniques. 
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Statistical Dynamic 

The requirement for long 
observational records means that 
statistical downscaling is limited to 
those variables with long records (>20 
years).  However, the computational 
expense of dynamic downscaling limits 
the amount of GCMs and emissions 
scenarios that can be included. 

Conclusions 

• This project has focused on evaluating a small 
subset of variables – 
• It is recommended that this evaluation be 

expanded since there are more variables of 
interest related to drought conditions, 
evapotranspiration, and winds. 

• It is important to consider that the results of this 
project provide a basic guide to accuracy of each 
of the example set of downscaled datasets.   
• It is Strongly recommended that further 

engagement between climatologists and end 
users (both scientists and decision makers) be 
encouraged to ensure the appropriate use of 
downscaled datasets. 

• Most downscaled datasets have a coarser spatial 
resolution than desired by ecologists.  
• for some applications, a resolution finer than 

10km may not be needed 
• Hurricanes and complex topography present 

challenges for representations of temperature, 
precipitation 

• There is not a downscaled dataset which is the 
best for every variable: 
• Look for downscaled datasets which reflect 

the accuracy for variables and region your 
application requires  

• Consider using more than one downscaled 
dataset for your application. 

• Consult a climatologist familiar with 
downscaled datasets 
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