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This study has examined historical upper air circulation patterns in Ihe atmosphere in an effort to 

idenlify analogues for a hypolhesized ciimale change scenario (global warming) for Ihe WeSlem 

Uniled Siaies. The sludy focused on Ihe polenlial effeCIS of global warming on winlenime 

precipilalion in Ihe inlermounlain Wesl. Crileria were developed Ihal defined 500 mb heighl 

pattern co nfi gurati ons analogous to a global wanning induced nonhv. ard shift of the wintertime 

surface slorm lrack over Weslem Nonh America. Fields of mean monlhly geopolenlial heighl. 

heighl siandard devialion. slandard devialion anomaly. and heighl depanure for a domain 

encompassing the eastern North Pacific Ocean and Western North Amt!ri ca were derived using 

500 mb geopolenlial heighl dala. Monlhly chans of Ihe four paramelers were produced for every 

D<cember from 1946-88 and every January and February from 1946-89. Of the 10lal 131 winler 

months surveyed. 35 were chosen as appropriate analogues for the climate change scenari o. 

Mon!hly precipitation data for three climati c divisions in western Montana. northern Utah. and 

east·central Arizona were analyzed for differences bt:tween the monthly analogue lotals and the 

December. January. and February 1946-89 period of record values. In u lah division 5 and 

Arizona division 4. 28 and 26 months. respectively. out of the 35 global warming analogue months 

had precipi tati on amounts that were less than the 1946-89 median values. In Montana divi sion I . 

the numbt!r of analog11e months with above or below median precipitation wa.<.:; split nearly evenly. 

Median precipit ati on values for the analogue month s in north ern Utah varied from about 60 to 

75 percenl of Ihe 1946-89 median values. The monlhly aver.ge (median) devialions from Ihe 

period of record medians ranged from -0.70 inch (-0.74 inch) in December 10 -0.33 inch (-0.42 

inch) in February . In east-centml Arizona. the analogue months had median precipitalion amOUnls 

ranging from only "bnul 25 1050 percenl of Ihe 1946-89 median values. Monlhlyaver.ge 

(median) devialions vru;ed from -1.02 inches (-1.35 inches) in January 10 -0.47 inch (-0.68 inch) in 

February. 

Such result s clearly suggesl the possibility of substanti all y drier wintertime conditi ons in . al least. 

parts of Ihe inlermounlain Weslem Uniled Siaies if Ihe hypolhesized anlhropogenic global 

warming induces changes to the atmospheric circulatio n suggested by Dennis and examined in thi s 

study. Areas of the central and southern intermountain region appear to be the most vulnerable. 
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This study was unable to identify the direction of any change in the wintertime precipitation 

climate of .he more northern regions. 

Several concepls should be discussed in lighl of Ihese study results. Many of Ihe 35 monlhs 

chosen as analogues experienced atmospheric circulations with predominanlly stronger than nonnal 

westerly winds in Ihe study domain. Two of Ihe monlhs, December 1953 and December 1975, 

both exhibiting stronger than normal westerlies, were discussed as examples of otherwise favorable 

analogues. A circulation fealure often postulaled to develop if global warming comes 10 pass is a 

relax3tiC':I of the midlatitude westerlies and associated jet stream due to a weakening of the 

latitudinal temperature gradient between equator and pole. Weaker westerlies and jet stream winds 

imply fewer and perhaps weaker weather dislurbances than are represenled by some of the 

analogues studied. Resulling monlhly precipilation mighl be even less than Ihe eSlimates 

delermined in Ihis sludy. 

On Ihe olher hand, both GeMs and theorelical arguments imply that Ihe hydrologic cycle will be 

enhanced by increases in the moisture content of the wanned atmosphere. In other words. for a 

given inlensity, individual Slorms should produce more precipilalion than Ihey presenlly do. 

Whelher this effecl will compensate for the presumed decrease in slorm frequency is one of many 

questions that will have to await concurrenl improvements in the understanding and modeling of 

the atmosphere ocean biosphere system. 
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MISSION STATEMENTS 

As the Nation's principal conservation agency, the Department of the 
Interior has responsibility for most of our nationally owned public lands 
and natural resources. This includes fostering sound use of our land and 
water resources; protecting our fish, wildlife, and biological diversity; 
preserving the environmental and cultural values of our national parks 
and historical places; and providing for the enjoyment of life through 
outdoor recreation. The Department assesses our energy and mineral 
resources and works to ensure that their development is in the best 
interests of all our people by encouraging stewardship and citizen 
participation in their care. The Department also has a mllior responsibility 
for American Indian reservation communities and for people who live in 
island territories under U.S. Administration. 

The mission of the Bureau of Reclamation is to manage, develop, and 
protect water and related resources in an environmentally and 
economically sound manner in the interest of the American public. 


