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Introduction
The water flowing in the Colorado River largely comes from melting 

snowpack in the mountains of Colorado, Wyoming, and Utah (MacDonald 

et al. 2007). Since millions of people in the American west and Mexico 

depend on the stored water from this river such as in Lake Mead and Lake 

Powell, it is important that we are able to simulate likely future precipitation 

conditions over these sensitive regions. It has already been predicted that 

the entire American Southwest will dry as we progress through the 21st

century (Seager et al. 2007). This study focuses on a smaller, crucial  

region for future water resources, and looks at the change in variability in 

the water cycle as well as the change in the mean state for the winter and 

summer seasons.

A large hindrance in our current general circulation models (GCMs) 

is that they run on course resolutions that are unable to accurately 

simulate rainfall in these relatively small mountainous areas. These 

models tend to smooth over the terrain and do not pick up important 
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By using historical precipitation data with high resolutions, we can assess 
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to determine the strengths and weaknesses of the model output, we can 

assert stronger confidence in the accuracy of their projections for the 21st

century.

Data and Methods
A latitude-longitude box with east-west boundaries of 111°W and 106°W 

and north-south boundaries of 42°N and 36°N is defined as the region of 

the upper Colorado River and its headwaters (Fig. 1). Five coupled ocean-

atmosphere general circulation models (GCMs) featured in the fourth IPCC 

assessment were used, including the GFDL CM2.0, GFDL CM2.1, MPI 

ECHAM5, NCAR CCSM3.0, and Hadley CM3. The observations used to 

verify the models were the NOAA Global Historical Climate Network 

(GHCN) and University of East Anglia Climate Research Unit Hulme 
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Means and variances of the time series of precipitation for the 

winter and summer seasons of both centuries were calculated, and 

statistical significance was determined by way of t-tests and Kolmogorov-

Smirnov tests for means and goodness-of-fit, respectively, and f-tests for 

variances. Evaporation time series were similarly calculated only with 

models since evaporation observation data are not available. 

Discussion
These results indicate a significant overall drying trend is likely for over the 

Colorado River headwater region as we move into the 21st century in both 

hydrologic seasons. Although precipitation does not appear to change 

significantly in this region during the winter, evaporation will greatly 

increase likely due to higher temperatures. Since the variance (or standard 

deviation) of the water budget does not change significantly, it is likely that 

the future temperature increase is the main cause of the drying trend rather 

than changes in atmospheric dynamics. As shown in Figure 4, there is only 

a mild positive correlation between El Niño-Southern Oscillation  and 

precipitation over the Colorado headwaters, which further shows that global 

�W�H�O�H�F�R�Q�Q�H�F�W�L�R�Q�V���P�D�\���Q�R�W���K�D�Y�H���D�V���O�D�U�J�H���D���U�R�O�H���R�Y�H�U���W�K�L�V���U�H�J�L�R�Q�¶�V���I�X�W�X�U�H��
�F�O�L�P�D�W�H���W�U�H�Q�G���D�V���L�W���P�D�\���Z�L�W�K���W�K�H���E�U�R�D�G�H�U���V�R�X�W�K�Z�H�V�W���8�6�¶�V����

Since the models overestimate the magnitude of precipitation in this 

region, we can only make qualitative judgments from them. Further effort 

will have to be made to downscale and bias-correct these models to more 

accurately forecast the drying trend. More research will have to be done to 

determine the biggest source of precipitation variability in this region.

Conclusions
The take-home message is that future water runoff provided by this river 

will likely decrease, and future droughts may have more devastating 

impacts on western US water resources than they do presently. With finer 

resolution modeling and further research, we may be able to better 

estimate when anomalous dry spells will occur.

Water Cycle Variability and Future Drying in the 
Colorado River Headwater Region

Upper Colorado River Drainage Basin

Fig. 1. The Green River provides the primary flow of water into the Colorado River, along 

with its numerous smaller tributaries. The red box represents the area over which model 

and observational data were analyzed, encompassing about 280,000 sq. km of mainly 

mountainous terrain which provides winter snowpack melt into the rivers. 

Mean

Standard Deviation

Precipitation Evaporation P-E
winter summer winter summer winter summer

20th century 1.6242 1.5528 0.6696 1.8369 0.9546 -0.2842

21st century 1.6544 1.3899 0.7489 1.7384 0.9056 -0.3485

% change 1.86 -10.49 11.84 -5.36 -5.13 -22.62

Precipitation Evaporation P-E
winter summer winter summer winter summer

20th century 0.2742 0.3651 0.0797 0.2760 0.3104 0.2905

21st century 0.2783 0.3404 0.0882 0.2880 0.3304 0.2745

% change 1.47 -6.77 10.7 4.32 6.43 -5.52

Fig. 2. Box and whisker plots of precipitation observations for the 20th century and 

model composite precipitation and evaporation calculations for the 20th and 21st

centuries. Note the statistically significant decrease in the mean P-E for both seasons 

moving into the 21st century.
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Fig. 3. Tables showing the model composite mean and standard deviation changes for 

precipitation, evaporation, and P-E from the 20th to the 21st century for both winter and 

summer seasons. Statistically significant differences at the 5% significance level are 

highlighted in red. Significance between means was determined through two-sample t-

�W�H�V�W�V���D�V�V�X�P�L�Q�J���X�Q�H�T�X�D�O���Y�D�U�L�D�Q�F�H�V�����:�H�O�F�K�¶�V���W-test), and significance between variances 

(or standard deviation) was determined using two-sample f-tests for variances at the 5% 

significance level. Units are mm/day. 

Fig. 4. Correlation of precipitation over the United States to sea surface temperatures over 

the NINO3.4 (170�ƒW to 130�ƒW, 5�ƒS to 5�ƒN) eastern tropical Pacific region during the winter. 

The boxed region, representing the Colorado River headwaters in this study, includes 49 

GHCN station observation sites. Correlations in the box range from -0.25 to 0.53 with a 

median of 0.23. This may indicate that, unlike much of the southwestern United States, the 

headwater region is not as heavily influenced by El Niño oscillations. 

Results
It was found that using the composite of the model output produced 

results closest to those of the observations (as opposed to any single 

model), even though the model mean and variance of precipitation in the 

composite still were roughly twice as large as in observations. Standard 

deviations did not change significantly from the 20th to the 21st centuries 

except for a 10.7% increase in standard deviation of winter evaporation. 

Mean precipitation decreased significantly by 10.49% in the summer 

season, while mean evaporation increased significantly by 11.84% in 

winter and decreased by 5.36% in summer. The water budget, calculated 

as precipitation minus evaporation (P-E), decreased by 5.13% in the 

winter and 22.62% in summer (Figs. 2 and 3).
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Fig. 1 was adapted from a US government image at http://www.usbr.gov/uc/water/basin/tc_cr.html. 


