




EXECUTIVE SUMMARY 

The hydrological system is potentially very sensitive to 
changes in climate. Changes in precipitation affect the magni
tude and timing of runoff and the frequency and intensity of 
floods and droughts; changes in temperature result in changes 
in evapotranspiration, soil moisture, and infiltration. The 
resulting changes in surface wetness, reflectivity, and vegeta
tion affect evapotranspiration and the formation of clouds, as 
well as surface net radiation and precipitation. Meanwhile, the 
hydrological system is being affected by other, more direct 
human activities, such as deforestation, urbanization, and 
water-resource exploitation. 

The effects of climate change on hydrological regimes are gen
erally estimated by combining catchment-scale hydrological 
models with climate change scenarios derived from general 
circulation model (GCM) output. In addition to the uncertain
ties associated with GCM simulations, there are three major 
problems in estimating the hydrological effects of climate 
change: (1) expressing scenarios at a scale appropriate for 
hydrological modeling; (2) the considerable errors inherent in 
climatic and hydrological data used to validate hydrological 
models; and (3) converting climatic inputs into hydrological 
responses. Methods have been developed to address most of 
these problems, but estimates of the hydrological effects of cli
mate change remain very uncertain. This uncertainty is largely 
due to difficulties in defining credible scenarios for changes in 
precipitation and assessing vegetation response to a changed 
atmosphere at appropriate spatial scales. 

There are considerable differences in estimated changes in 
hydrological behavior both between scenarios and between 
catchments, but it is possible to draw some general conclusions 
about sensitivities: 

We have a high level of confidence that an increase in 
air temperature would increase potential evapotranspi
ration, but the magnitude of increl!se depends also on 
changes in net radiation, humidity, windspeed, precipi
tation and its temporal distribution, and vegetation char
acteristics. Actual evapotranspiration may increase or 
decrease according to the availability of soil moisture. 

• The effect of a given change in precipitation and 
evapotranspiration on river runoff and groundwater 
recharge vades considerably between catchments, 
depending on climatic regime and (at shorter time 
scales) catchment physical characteristics. We have a 
high level of confidence that, in general, the drier the 
climate, the greater the sensitivity of hydrological 
regimes to changes in climate. 

• Neither climatic nor hydrological change will be 
equally distributed throughout the year; in some cases 
it appears that the variability of river flow through the 
year would increase if climate were to change, and the 
frequency of both high and low flows would increase. 
We have a medium level of confidence in this finding, 
due to variations between catchments and scenarios. 

• We have a medium level of confidence that more 
intense rainfall would tend to increase the occurrence 
of floods, although the magnitude of this effect would 
depend not only on the change in rainfall but also on 
catchment physical and biologic characteristics. These 
characteristics also may change due to human activity 
that may or may not be in response to climate change. 

• An increase in the duration of dry spells would not 
necessarily lead to an increase in the occurrence of 
low river flows and groundwater levels. River flows 
may be sustained by increased precipitation earlier in 
the year. The effect of a change in the duration of dry 
spells depends significantly on catchment physical 
and biologic characteristics. We have a medium level 
of confidence in these findings. 
Hydrological regimes in many continental and moun
tain areas are determined by winter snowfall and spring 
snowmelt; if climate·were to change and tl1e proportion 
of precipitation falling as snow decreased, we have a 
high degree of confidence that in such regions tl1ere 
would be a widespread shift from spdng to winter 
runoff. This effect may be modified by changes in the 
seasonal distribution and amounts of precipitation. 

• Very little is known about possible changes in ground
water recharge, which will depend on the balance 
between changes in opportunities for recharge and the 
amount of water available for recharge. Therefore, we 
have a low level of confidence in any conclusions about 
or projections of changes in groundwater recharge. 

Freshwater ecosystems, including lakes and streams (covered 
it1 this chapter) and noncoastal wetlands {see Chapter 6), are 
scattered across the landscape and tightly linked to regional 
hydrology. The effects of climate change on freshwater ecolo
gy will interact strongly with other anthropogenic changes in 
land use, waste disposal, and water extraction. Changes in lake 
and stream ecosystems will occur in the context of existing cli
mates and expected changes; effects will differ greatly from 
place to place. General conclusions follow: 

We have a high level of confidence that climate 
change will influence freshwater ecosystems directly 












































































