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Historical Climate

From 1901 to 2002, mean annual temperature increased across North America (Figure 1;
Gonzalez et al. 2010) and showed a statistically significant increase in the area that includes
Rainbow Bridge National Monument (NM) (Figure 2, Table 1). At Glen Canyon Dam, the mean
annual freezing elevation has increased 2000 m from the 1950s to today (Figure 3, Kunkel et al.
2013). From 1901 to 2002, precipitation increased across most of North America (Figure 4;
Gonzalez et al. 2010), although it showed no statistically significant trend in the Glen Canyon
area (Figure 5, Table 1). Analyses of causal factors attribute 20" century warming and
precipitation changes to greenhouse gas emissions from vehicles, power plants, deforestation,
and other human activities (Intergovernmental Panel on Climate Change (IPCC) 2007, Bonfils et
al. 2008).

Projected Climate

The Intergovernmental Panel on Climate Change (IPCC) has coordinated research groups to
project possible future climates under defined greenhouse gas emissions scenarios (IPCC
2007). The three main IPCC greenhouse gas emissions scenarios are B1 (lower emissions),
A1B (medium emissions), and A2 (higher emissions). Actual global emissions are on a path

above IPCC emissions scenario A2 (Le Quéré et al. 2012, Raupach et al. 2007).

For the three main IPCC emissions scenarios, projected 21% century temperature in the Rainbow
Bridge area could increase three to five times the amount of historical 20" century warming
(Table 1, Mitchell and Jones 2005, Gonzalez et al. 2010). On average, general circulation
models (GCMs) of the atmosphere project a slight increase in precipitation in the Rainbow
Bridge area under the three emissions scenarios, although 10 out of 18 GCMs project decreases
in precipitation under emissions scenario A2 (Figure 6; historical average from Mitchell and
Jones 2005, Hijmans et al. 2005; projections from IPCC 2007, Tabor and Williams 2010,

Conservation International; analysis by P. Gonzalez).
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Projections indicate potential changes in the frequency of extreme temperature and precipitation
events. Modeling under emissions scenario A2 projects 20 to 25 more days with a maximum
temperature > 35°C, 25-30 fewer days with a minimum temperature < 0°C, and 10-15 more
consecutive days with precipitation < 3 cm between the periods 1980-2000 and 2041-2070
(Kunkel et al. 2013).

Colorado River

The water level of Lake Powell is currently 30 m lower than the level of top of the dam, but 15 m
higher than the level in 2005, which was the lowest since the filling of the reservoir after the
completion of the dam in 1966 <http://www.usbr.gov/uc/crsp>. Reconstruction of what natural
flow of the Colorado River would be at Lees Ferry, Arizona, indicates that river flow in 2004 was
approximately at the 1906-2004 average, but that the river has experienced much lower flows for
decades at a time in the period 800-2000 AD (Figure 7, Meko et al. 2007).

Modeling under emissions scenarios B1 and A2 projects decreases in runoff of 10 to 30% by the
end of the 21 century (Barnett and Pierce 2009) and a 50% chance that live storage in Lakes
Mead and Powell could be gone by 2021, due to human use and climate change (Barnett and
Pierce 2008). Modeling under emissions scenarios B1, A1B, and A2 projects a 9% decrease in

mean natural flow at Lees Ferry by 2060 (Bureau of Reclamation 2012).
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Table 1. Historical and projected climate (mean + standard deviation (SD)) trends for the area
that includes Rainbow Bridge NM (Mitchell and Jones 2005, IPCC 2007, Gonzalez et al. 2010).
Historical climate and climate projections for IPCC emissions scenarios B1 and A1B are
calculated for the 50 x 50 km pixel that includes the park (Gonzalez et al. 2010). Climate under
emissions scenario A2 is calculated for the 4 x 4 km pixels that include the park (data from

Conservation International using method of Tabor and Williams (2010)).

mean SD units

Historical (1901-2002)

temperature annual average 106 08 °C
temperature linear trend 1.0 2.5 °C century
precipitation annual average 250 60 mmy
precipitation linear trend 8 83 % century™

Projected (1990-2100)
IPCC B1 scenario (lower emissions)
temperature change in annual average 3.0 1.1 °C century”

precipitation change in annual average 1 27 % century™

IPCC A1B scenario (medium emissions)
temperature change in annual average 3.9 1.1 °C century”

precipitation change in annual average 7 27 % century™

IPCC A2 scenario (higher emissions)
temperature change in annual average 4.8 1.1 °C century”

precipitation change in annual average 4 27 % century™
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Figure 1.
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Figure 2.
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Figure 3.

Mean annual freezing elevation above Glen Canyon Dam. Red = above 1970-2000 average,

Blue = below 1970-2000 average, black = 10-year running average (data Western Regional

Climate Center, analysis and graph Kunkel et al. 2013).
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Figure 4.
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Figure 5.
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Figure 6.

Climate Change Projections
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Figure 7.
Reconstruction of what natural Colorado River flow would be at Lees Ferry, Arizona, from
analysis of tree rings and gauge station measurements, relative to 1906-2004 average. Black =
reconstruction, Red = historical measurements (data Meko et al. 2007, graph Z. Guido,

University of Arizona).

Reconstructed Naturalized Colorado River Flow at Lees Ferry Near Page, Arizona

120

Colorado River Compact, 1922 =——3n-
Observed se——pm

115 -

-
—y
o

Reconstructed \

i
(=]
()

'y
o
o

'
i
I
1
e
|
T
i
|
1
1
I
]
1
1
i
U
)
'

w ©
o w
T T

—

Lowest observed = 87% of 1906-2004 average /

1 | | 1 1

800 1,000 1,200 1,400 1,600 1,800 2,000

Ending year of 25-year running average (years AD)

Reconstructed naturalized flow
(percent of average)
[+~
(4]
T

[++]
o
T

~
wn

References

Barnett, T.P. and D.W. Pierce. 2008. When will Lake Mead go dry? Water Resources Research
44: W03201.doi:10.1029/2007WR006704.

Barnett, T.P. and D.W. Pierce. 2009. Sustainable water deliveries from the Colorado River in a
changing climate. Proceedings of the National Academy of Sciences of the USA 106:
7334-7338.

Bonfils, C., B.D. Santer, D.W. Pierce, H.G. Hidalgo, G. Bala, T. Das, T.P. Barnett, D.R. Cayan,
C. Doutriaux, A.W. Wood, A. Mirin, and T. Nozawa. 2008. Detection and attribution of
temperature changes in the mountainous western United States. Journal of Climate 21:
6404-6424.

Gonzalez, P., R.P. Neilson, J.M. Lenihan, and R.J. Drapek. 2010. Global patterns in the
vulnerability of ecosystems to vegetation shifts due to climate change. Global Ecology and
Biogeography 19: 755-768.

Hijmans, R.J., S.E. Cameron, J.L. Parra, P.G. Jones, and A. Jarvis. 2005. Very high resolution

Page 10



interpolated climate surfaces for global land areas. International Journal of Climatology 25:
1965-1978.

Intergovernmental Panel on Climate Change (IPCC). 2007. Climate Change 2007: The Physical
Science Basis. Cambridge University Press, Cambridge, UK.

Kunkel, K.E, L.E. Stevens, S.E. Stevens, L. Sun, E. Janssen, D. Wuebbles, K.T. Redmond, and
J.G. Dobson. 2013. Regional Climate Trends and Scenarios for the U.S. National Climate
Assessment. Part 5. Climate of the Southwest U.S. National Oceanic and Atmospheric
Administration, Technical Report NESDIS 142-5, Washington, DC.

Le Quéré, C., R.J. Andres, T. Boden, T. Conway, R.A. Houghton, J.l. House, G. Marland, G.P.
Peters, G. van der Werf, A. Ahlstrém, R.M. Andrew, L. Bopp, J.G. Canadell, P. Ciais, S.C.
Doney, C. Enright, P. Friedlingstein, C. Huntingford, A.K. Jain, C. Jourdain, E. Kato, R.F.
Keeling, K. Klein Goldewijk, S. Levis, P. Levy, M. Lomas, B. Poulter, M.R. Raupach, J.
Schwinger, S. Sitch, B.D. Stocker, N. Viovy, S. Zaehle, and N. Zeng. 2012. The global
carbon budget 1959-2011. Earth System Science Data Discussions 5: 1107-1157.

Meko, D., C.A. Woodhouse, C.A. Baisan, T. Knight, J.J. Lukas, M.K. Hughes, and M.W. Salzer.
2007. Medieval drought in the upper Colorado River Basin. Geophysical Research Letters
34:L10705. doi:10.1029/2007GL029988.

Mitchell, T.D. and P.D. Jones. 2005. An improved method of constructing a database of monthly
climate observations and associated high-resolution grids. International Journal of
Climatology 25: 693-712.

Raupach, M.R., G. Marland, P. Ciais, C. Le Quéré, J.G. Canadell, G. Klepper, and C.B. Field.
2007. Global and regional drivers of accelerating CO, emissions. Proceedings of the
National Academy of Sciences of the USA 104:10 288-10 293.

Tabor, K. and J.W. Williams. 2010. Globally downscaled climate projections for assessing the
conservation impacts of climate change. Ecological Applications 20: 554-565.

U.S. Bureau of Reclamation. 2012. Colorado River Basin Water Supply and Demand Study. U.S.

Bureau of Reclamation, Washington, DC.

Page 11



