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Land warms more than oceans



2050 warming is largely 
set; 2100 is what’s at stake
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Potter and Tioga counties and following the Appalachian Mountains through the southern part of the 
state and into West Virginia. The dynamically downscaled model products have sufficient resolution to 
correctly capture this spatial temperature pattern. However, these models underestimate temperature 
by several degrees. These models are primarily based on the older CMIP3 dataset, and we found a 
similar consistent cold bias in the previous assessment (Shortle et al., 2009). Finally, the statistically 
downscaled CMIP5 model mean temperature is essentially identical to the observed annual mean 
temperature, which is expected because these statistical model products have been bias-corrected. 
 
By mid-century, all three model products indicate that the entire state and surrounding regions will have 
warmed significantly (Figure 2.21).  

 
 

 
In both the CMIP5 and statistically downscaled CMIP5 datasets, mid-century temperatures in the 
Philadelphia region are projected to be similar to historical temperatures in the Richmond, VA area. 
Similarly, Pittsburgh’s temperatures are projected to resemble the historically observed temperatures in 

Figure 2.21. Projections of annual mean temperature in the Pennsylvania region during the mid-century 
period (2041-2070). 
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the Baltimore-Washington area. The mean warming across the state simulated by these models is 
generally 3.0-3.5 °C (5.4-6.3°F) (Figure 2.22). The CMIP5 model mean change is 3.0-3.3 °C (5.4-6.0 °F) 
across nearly the entire state. The statistically downscaled CMIP5 model mean change is 3.3-3.5 °C 
(5.9-6.3°F ) in the northern half of the state and 3.0-3.3 °C (5.4-6.0°F) in the southern half. Finally, the 
dynamically downscaled dataset model mean change is only 1.5-1.8 °C (2.7-3.2°F) across the western 
half of the state and 1.8-2.1 °C (3.2-3.8 °F ) across the eastern half. The reduced warming is likely at least 
partially because these models rely on the A2 emissions scenario, in which the buildup of greenhouse 
gases in the atmosphere occurs at a slower rate than in the RCP8.5 scenario that the CMIP5 models use. 
Globally, the RCP8.5 scenario has about 30-40% more warming than the A2 scenario by mid-century. At 
most, this accounts for about half the difference observed between dynamically downscaled results and 
the CMIP5 results, suggesting substantial differences in the models themselves.  
 

  

Figure 2.22. Projections of change in annual mean temperature in the Pennsylvania region by the mid-century 
period (2041-2070) relative to the historical period (1971-2000). The panels on the left are based on the RCP8.5 
emissions scenario, and the panel on the right is based on the A2 scenario. 
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The warming projected by the CMIP5 models does not vary significantly with season (Figure 2.23). This is 
in contrast to the previous Impact Assessment, where the CMIP3 model dataset generally projected a 
greater warming in summer than in winter.  
 

 

Figure 2.23. CMIP5 model simulations of temperature change in Pennsylvania by the mid-century period 
(2041-2070) relative to the historical period. The box-whisker diagram shows the median change (thick black line), 
25th and 75th percentile change (box), and minimum and maximum change (whiskers). Outliers are shown as dots. 
Shown are annual-mean change and change by season: winter (DJF), spring (MAM), summer (JJA), and autumn 
(SON).  
 
As in the previous assessment and update, precipitation is more difficult to simulate than temperature 
(Figure 2.24). The global CMIP5 models predict too much precipitation across the entire state, which is 
in line with the wet bias found in the CMIP3 GCMs in the previous assessment (Shortle et al., 2009). 
Despite being based primarily on these CMIP3 models, the mean total precipitations simulated by the 
dynamically downscaled models is much closer to the historically observed total. This suggests the 
higher resolutions and improved model physics provided by dynamical downscaling can significantly 
improve precipitation simulations in the region. Finally, the statistically downscaled model mean is very 
close to the observed total. Again, this is expected, since these models have been statistically corrected 
to accurately simulate historical climate. 
 
Similar to temperature change, all three model datasets project relatively consistent precipitation 
increases across the region by mid-century (Figures 2.25 and 2.26). The models used in the update to 
the previous assessment projected higher precipitation change in the far eastern part of the state. This 
pattern is also present in the statistically downscaled CMIP5 models, and to a lesser extent in the 
original CMIP5 models. The dynamically downscaled CMIP3 models, however, project larger 

Source: 2015 Pennsylvania Climate Impacts Assessment Update; assumes RCP8.5 pathway
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Figure 2.27. CMIP5 model simulations of precipitation change in Pennsylvania by the mid-century period 
(2041-2070) relative to the historical period. The box-whisker diagram show the median change (thick black line), 
25th and 75th percentile change (box), and minimum and maximum change (whiskers). Outliers are shown as dots. 
Shown are annual-mean change and change by season: winter (DJF), spring (MAM), summer (JJA), and autumn 
(SON). 

2.5.2  Runoff and soil moisture 
Hydrological properties such as runoff and soil moisture are more difficult for climate models to 
simulate because an accurate simulation of land properties requires not only a good model of the land 
physics but also a good model of atmospheric physics.  
 
Annual mean runoff in both the dynamically downscaled CMIP3 and statistically downscaled CMIP5 
datasets is much lower than in the NLDAS-2 assimilated observation product (Figure 2.28). Projections of 
future runoff and runoff change are also different in these datasets (Figure 2.29 and 2.30). The 
dynamically downscaled model mean projects small increases in runoff in the northern part of the state 
and almost no change in the southern part. The statistically downscaled models project near-zero 
change in the western part of the state and large (15-20%) increases in the eastern part of the state. The 
spatial pattern of these changes resembles that of the projected precipitation changes. The dynamically 
downscaled models predict the largest precipitation increases in the northwest part of the state, which 
corresponds to the largest projected runoff change, and they predict near-zero precipitation change in 
the West Virginia area, which corresponds to the area of projected runoff decrease. Similarly, the 
statistically downscaled models project the largest precipitation and runoff increases in the eastern part 
of the state. 
 

Source: 2015 Pennsylvania Climate Impacts Assessment Update; assumes RCP8.5 pathway
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Dates of spring snowmelt, 
1950s vs. 1990s

Source: USGS 2005 http://pubs.usgs.gov/fs/2005/3018/ 
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A. Land biosphere (e.g. species migration / extinction)	

B. Ocean biosphere (e.g. acidification, coral bleaching)	

C. Coastal communities (sea level rise, severe storms)	

D. The food system (impacts on agriculture)	

E. Abrupt climate change (e.g. Gulf stream shift)	

F. Other (specify)

For Thursday, I am most interested 
in reading/learning more about 

effects of climate change on


