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FOREWORD 

Since the Brooks E. Martner 1986 edition of the Wyoming Climate Atlas, weather sensor technology,
data access and the general public's awareness of weather have gathered momentum beyond most
people's expectations.  

Sensors can now record and transmit weather observations continuously, automatically and in real time.
The Internet allows anyone from anywhere to view the latest radar, satellite and station observations in
graphic, text or Web cam formats. Looking at your computer monitor has become something equivalent
to looking out your window - and seeing weather from anywhere in the world.  

For those who don't have this access, cable and satellite TV provide current weather news 24 hours a
day. Meteorology, the science of weather, was once only learned through attending higher educational
institutions, but this knowledge is now available freely through the countless number of outreach Web
sites that provide weather / climate related instructional material.  

Weather is in the news every day because it affects just about every person in just about every way.
World economies depend on the forecast of agricultural crop yields, efficient transportation and the
ways national resource use and material consumption impact the earth's climate and ecology. Because of
that, the study of climate and climate change has become a truly interdisciplinary science that bridges all
interests.  

In the spirit of Martner's original Wyoming Climate Atlas, Jan Curtis and Kate Grimes retain the format
of this atlas but incorporate new data such as lightning strike frequency and wind profiler soundings.
The blend of color charts and text makes this new atlas both functional and easy to use. Additionally,
they attempt to show how these data could apply to public and commercial interests. For example,
knowing the frequency of peak winds on buildings takes on new meaning when one considers air
density at altitude. If one understands that droughts are cyclic in nature, then water resource managers
can better prepare for the next inevitable drought. Also, understanding the reasons a 100-year flood can 
occur after just a year - and not in 100 years - can change the way a structural engineer builds a bridge. 
This atlas helps to explain how climatology uses statistics to determine long-period weather trends but, 
without a homogeneous climate data set, how these projections can be erroneous or misleading.  

The revised Wyoming Climate Atlas is a tangible product of research sponsored by the Wyoming Water
Development Commission and the United States Geological Survey in conjunction with the Water
Resources Program and the College of Engineering, Civil and Architectural Engineering Department of
the University of Wyoming. The benefits that Wyoming and its people will derive from the information
contained in this book will prove that this investment in Wyoming's future was a worthwhile one 

.  

Dave Freudenthal  

Wyoming Governor  
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PREFACE 

Climate is the accumulative record of weather and, like weather, is changing all the time. The causes of
these changes are highly complex; some are caused naturally and some are caused by human
development. Currently, the earth is in an interglacial period where some glaciers persist at high
altitudes and at high latitudes. Over 10,000 years ago, the end of the last ice age saw the retreat of two-
mile high glaciers. However, if one went back a billion years, one would see that today's average annual
global temperature is nearly as cold as it has ever been.  

Climate is affected naturally in the short term by volcanic eruptions, in a human life span by subtle solar
variations, and in the extremely long term by the earth's orbital variations and continental drift. Weather
is influenced by the changing amount of snow and cloud cover, topography, and landscape (grass vs.
asphalt), and this in turn changes the ocean currents and the mean position of the jet stream. Eventually,
the ocean and upper atmosphere affects the snow and cloud cover and the cycle attempts to find some
sort of equilibrium. The manmade introduction of gases and aerosols further complicates the balance of
forces, where some elements provide positive feedback and some negative feedback. Feedback is what
happens when a part of the output of a process or a system returns to affect the input. Negative feedback,
which occurs when what comes out lessens the strength of what subsequently goes in, tends to suppress
the original process (this is what happens with the valve regulating a steam engine). Positive feedback,
on the other hand, which occurs when the output goes back to add force to the input, can magnify the
whole process until it takes on a "runaway" character. For example, positive feedback with snow results
in snow cover lasting longer into spring, then into summer, and eventually accumulating year after year
as average temperatures are forced to decrease because of the increased albedo (reflecting away any
incoming solar radiation). If, on the other hand, the earth continues to warm, more surface water
evaporation will result and more clouds will form. Whether or not the earth will continue warming will
depend somewhat on which type of cloud dominates over time. High clouds tend to trap incoming solar
radiation while low clouds tend to reflect this energy back out to space.  

One of the greatest obstacles in explaining the cause of climate change is the climate record itself.
Instrumentation from weather stations has been limited geographically (spatially) and temporally. In the
state of Wyoming, there are currently only four first order weather stations (located at airports) that have
been reporting, more or less continuously, for at least the past 50 years. Other secondary stations and
cooperative observer sites number over 1,000 but have been recording data intermittently for generally
less than 30 years. Besides broken periods of observations, weather equipment technology and reporting
standards have varied over time. Additionally, there is always the possibility for human error when
transcribing the data into digital format and sometimes the equipment malfunctions without being
noticed. Stations' surroundings also change. Changing vegetation or urbanization (the so-called "heat 
island" effect caused by the increased use of concrete and asphalt) near a station will introduce bias.
Occasionally, a station may have been relocated only a few 100 feet or changed in elevation by a few
feet. This could cause a significant change to the natural longer period trends. Thus a homogeneous
weather record over time is quite rare, and the methodology to fill in these gaps and inconsistencies to
create an accurate picture of climate change is difficult at best.  

With advances in technology, we now have satellites that can continuously monitor the entire state.
They can measure most of the atmosphere for temperature and winds in addition to clouds. Surface
atmospheric profilers can scan the skies with great detail to determine turbulence aloft. Doppler radar 
can measure precipitation amounts as a storm moves through an area while lightning detectors can
pinpoint a strike that may start a forest fire. With the aid of computer models, climate data can be
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accurately derived to less than one square mile resolution. 

Many of the charts contained in this atlas are the result of modeling existing climate data with fine
topographic features within the state. As with all computer-generated products, such as Geographical 
Information Systems (GIS), the data shown are considered reasonably accurate.Depictions of a given
weather element should therefore not be considered an exact value. This means that the data shown can
be used for planning purposes. If exact data are required, actual climate data of existing stations are
available in this atlas' Appendix and on the CD that can be purchased through this website. If a 
location does not have a station and exact data are needed, it is strongly recommended that
instrumentation be placed in this area and monitored over time. However, remember that there is
considerable inter-annual variability in weather and that one year's worth of data will probably not 
accurately reflect the long term averages.  

This atlas is intended to serve as a data and reference source for the general public and for educators.
Most readers will probably consult the Appendix and CD for actual climate averages and totals. Some
might find specific chapters of interest since they contain unique climate data sets that can be applied to
unusual applications. English units are used whenever possible and most graphs, charts, and tables are
self-explanatory and non-technical. Efforts were made to maintain the same scaling factors for similar
graphs and charts. Each chapter represents a specific element of climate and can be read in isolation
from the others, although some overlapping cannot be avoided. Websites noted in footnotes are provided
for those interested in further research or expanded discussion of a topic. Since the climate record is
constantly evolving, updates can be acquired through many of the websites identified in the chapter
folders under each climate element on the accompanying CD. This atlas is available on-line at: 
http://www.wrds.uwyo.edu/sco/climateatlas/title_page.html and updated regularly. Much of the data in 
this atlas and CD are public domain. Every effort was made to acquire permission for its use if
copyrighted. Therefore, the data from this atlas and CD can be used without these authors approval if
used for educational purposes (non profit). However, appropriate citations are required. If any data are
used for public consumption, especially for profit, then please contact the originator of the data for
permission for its use.  

Jan Curtis 
Kate Grimes  

Laramie, Wyoming 
January 2004  
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Wyoming Climate Atlas 
Updates 

Since the printing of this atlas in March 2004, several new graphs and sections have been added to the 
on-line version. Below is a listing of these additions by Chapter:  

Chapter 1 
New section: 
1.2.1 Ecoregions 
 
Revisions: 
Figure 1.3. Annual temperature and precipitation decadal changes for the US (trends since 1966)  

Chapter 2 
Table 2.A. Links have been updated 

Chapter 3 
Table 3.E. Correction: 
1967-72 minimum temperature values were corrected 
Figure 3.16. Correction: 
bar graph colors reversed. 
 
New Figures and Tables: 
Figure 3.0. Wyoming Winter Extremes (temperatures >=ABS(2sd)) 
Table 3.1. Wyoming winter season average days when daily max and min temps >=ABS(2sd) 
Table 3.2. Wyoming winter cold & warm waves (>ABS(2sd)) 
Figure 3.7a. Wheat resistance to freeze injury  
 
Revisions: 
Figure 3.1. Annual average temperature in Wyoming (PRISM) now contains the 1971-2000 normals. 

Chapter 4: 
New sections: 
4.9 Precipitation as a Function of Wind Direction 
4.10 Snow-Water Equivalent 
 
New Figures: 
Figure 4.21. Annual precipitation rose for Casper, Cheyenne, Lander, and Sheridan (1961-1990) 
Figure 4.22. Annual precipitation as a function of wind direction for Casper, Cheyenne, Lander, and 
Sheridan (1961-1990) 
Figure 4.23. Estimated SWE during the snow accumulation season in Wyoming 
 
Revisions: 
Figure 4.1. Annual precipitation at 2km resolution in Wyoming (PRISM) now contains the 1971-2000 
normals. 
Figure 4.7. Lower elevation basin and sub-basin annual precipitation (percent) by month. 
Figure 4.12. Statistics for Cheyenne showing 30-day precipitation probabilities graph 
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Chapter 5: 
New sections: 
5.4 Snowmaking 
5.5 Snow Accumulation Season 
 
New Figures: 
5.9a. Density of wind-deposited snow as a function of depth 
5.9.0. SWE during the snow accumulation season in Wyoming 

Chapter 6 
6.2 Drought History in Wyoming, added: 
Figure 6.0. Wyoming Palmer Hydrological Drought Index (1900-2004) showing the seven worst multi-
year droughts in terms of this standard measure. 
 
New section: 
6.6 Prescribed Burning 
Figure 6.7. Bighorn National Forest fire danger criteria 
Figure 6.8. Shoshone National Forest fire danger criteria 
 
New Tables: 
Table 6D. Summary of Hydrologic Classifications for the Powder-Tongue & NE River Basins or 
Drainages 
Table 6E. Summary of Hydrologic Classifications for the Bighorn, Wind, & Madison Basins 
Table 6F. Summary of Hydrologic Classifications for the Green River Basin 
Table 6G. Summary of Hydrologic Classifications for the Snake and Salt River Basins 
 
Revisions: 
Figure 6.4. Wyoming net annual precipitation accumulation based on the 1895-2004 annual statewide 
average of 13.06 inches (Updated through 2004) 
Figure 6.5. Wyoming Annual Precipitation (1895-2004) (Updated through 2004) 

Chapter 7: 
7.6.1 Ice Storms, added: 
Figure 7.16a. Surface weather maps showing two major snowstorms that effected Wyoming 
Figure 7.16b. Equivalent radial ice thickness (50-year mean recurrence interval) 
Figure 7.16c. Equivalent radial ice thickness (100-year mean recurrence interval) 
 
Revisions: 
Figure 7.3. Wyoming thunderstorm gust events by county through 2003 
Figure 7.10. Wyoming severe hail events by county for period of record through 2003 
Figure 7.11. Annual Wyoming tornado count with longer term trend line (dashed) and shorter term trend 
line (solid) (1950-2004) 
Figure 7.13. Wyoming tornado frequency by hour (1950-2004) 
Figure 7.15. Wyoming tornadoes by county (1950-2003) 
Figure 7.18. Perhaps the most famous Wyoming flood (1 August 1985, evening, 12 killed, 70 injured, 
$65 million in property damage)  

Chapter 9: 
New figure: 
Figure 9.2. July 1961-1990 dew points 
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Revisions: 
Figure 9.2. Annual 1961-1990 dew points, renumbered to Figure 9.2a.  

Chapter 10: 
10.2 Snow Fences, added: 
Figure 10.4a. Both theory and experiments show that 80 percent of snow drifting off a five-mile fetch 
evaporates. 
Revisions: Figure 10.6.  

Chapter 11: 
New sections: 
11.4.5 Annual Winds 
11.4.6 Prevailing Direction of Blowing Snow 
 
New figures: 
Figure 11.20. Annual average wind speed for Casper, Cheyenne, Lander, Rock Springs, and Sheridan 
(1961-1990) based on hourly observations for various wind speed intervals (in knots) 
Figure 11.21. Annual wind speed departures from average for Casper, Cheyenne, Lander, Rock Springs, 
and Sheridan (1961-1990) for various wind speed intervals (in knots) 
Figure 11.22. Annual wind speed for Casper, Cheyenne, Lander, Rock Springs, and Sheridan (1961-
1990) with trends, averages, and inter annual variability (%) 
Figure 11.23. Annual wind direction frequencies for Casper, Cheyenne, Lander, and Sheridan (1961-
1990) 
Figure 11.23a. Prevailing snow transport in Wyoming based on modeled data 

Chapter 12: 
New section: 
12.3 UV Radiation 
 
New figures: 
Figure 12.0. Solar radiation reaching the ground surface as a ratio of that on a clear day, in relation to 
cloud cover and height of cloud base above ground 
Figure 12.5a. Afton Solar Radiation Frequency (1988-2003) 
Figure 12.12. Daily Erythemal UV doses averaged over 1979-1992 
Figure 12.13. New UV Index 

Chapter 14: 
New section: 
14.3.3 Blowing Snow 
 
Revisions: 
Figure 14.3. Wyoming emission facilities and pollution monitoring sites (replaced older version) 
Figure 14.2. Wyoming total emissions by county (amount) and square mile (density) (1999) 

Chapter 16: Home Weather Stations (New Chapter) 
 
Appendix: 
New Appendix F: 
Wind Load Conversions 
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Climate Change 
There are three types of lies:  

-Lies  

-Damn Lies  

-And Climate Statistics  

-Mark Twain (paraphrased)  

 
1.1 General Description 
Just as the scalpel is an essential instrument for the surgeon, statistics is the tool of choice used by the 
climatologist. Sorting through the years of hourly and daily weather data in the search for a trend or 
recognizable weather pattern shift is a daunting task in which statistical methods may help to reveal evidence. 
The importance of finding order out of all this apparent chaos will in part help answer critical questions1, 2 
about our survival as a species (e.g., how to adapt to climate change, modify the climate, or do nothing and 
perhaps perish as some have speculated). Are the much-debated claims for the cause of global warming (natural 
vs. human induced) really based on scientific facts that are verifiable with observed data?2a  

Since the earth has been warming and cooling long before man first appeared on the scene 3 why has this issue 
dominated the headlines day after day?  

As the earth's population increases, natural resources become more limited and the quality of life becomes more 
problematic.  

If the earth begins to warm rapidly in this century, what are the consequences? Is there anything we can do to 
modify the climate to optimize our productivity, or do we just prepare as best we can for whatever the climate 
evolves into? Perhaps the interchangable use of the terms "climate change" (nature caused) and "global 
warming" (human caused) have clouded the debate. As many people are starting to realize, statistics cannot be 
used to prove or disprove anything but only to show a correlation and not a causality. This distinction is 
important and often is used to misrepresent findings. Facts are claimed as truth when they may be only 
possibilities. However, when used correctly, statistics at the very least can give researchers clues for which 
direction to focus their efforts for finding the best possible answers or solutions.  

Because Wyoming is mostly rural with minimal contamination of its climate record, temperature and 
precipitation trends during the past 70 years have shown only the weakest indication of change. While there are 
hotter and colder, wetter and drier years, the short and long-term cycles have neutralized any trends. However, if 
we see that weather records begin to fall year after year or day after day, then one could expect a major climate 
change is underway.4 For example, if a weather station has 100 years of homogeneous observations, that is, no 
change to the station's location, instrumentation, or surroundings, a daily maximum or minimum record 
temperature could be expected to be broken on average about seven days during that year. Natural variation will 
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cause this number to vary each year but should average about seven days over several years. Or for a given day, 
it would take 12,367 years for 10 new records to occur. During the first 10 years of record keeping 
approximately three new records will have occurred. However as the station's observations increase over time, it 
will become harder for new records to be established. This of course assumes that climate variation occurs as a 
normal probability distribution:  

1 - (1 - 2/N)n
 

The n is the number of weather elements under consideration and N is the number of years of available weather 
data. More records will be established quicker if more weather elements are being considered.  

This rule of thumb might work over several decades or centuries, but we know from the paleoclimate record 
dating back a billion years that climate undergoes significant changes throughout history, the most recent being 
the Last Ice Age.  

Weather forecasting has come a long way with the era of satellite remote sensing and the use of dense surface 
weather station networks. With the introduction of the Next Generation Radar (NEXRAD, WSR-88D), 
Automated Surface Observing System (ASOS), and weather satellite atmospheric sounders, data availability and 
quality are improving.  

We are beginning to understand the relationship with various atmospheric indices, such as El Niño Southern 
Oscillation (ENSO), perhaps the most famous one, and the Pacific Decadal Oscillation (PDO).4a While these 
events are more or less predictable several years in advance and we know in general what type of seasonal 
weather will occur, the ultimate cause for these regional and global weather pattern shifts are still not fully 
understood.  

There are, however, weather events that are predictable almost to the hour (diurnal variation) or to the day 
(annual cycle) with remarkable regularity. Known in scientific literature as "weather singularities", these events 
have a known physical explanation. On a local scale, the land-lake breeze or mountain-valley breeze will occur 
when the temperature difference between the adjacent but dissimilar topography or geographical areas reach a 
known threshold that induces a localized circulation. On the regional scale, the monsoons over the southwest US 
occur when the summer land heats faster than the nearby ocean, thus inducing rising air that condenses over 
land. This effect is enhanced when moist air from the ocean is forced inland and up against mountain ranges. 
While these events occasionally fail to materialize on a fixed schedule, over the long-term they appear with a 
very high degree of repeatability, thus making their forecast very reliable.  

 
1.2 Topography and Geography of Wyoming 
To better understand the nature of climate, a brief discussion of the state's geography is required. In each of the 
succeeding chapters there is a general description of the climate element as it relates to Wyoming.  

Wyoming's outstanding features are its majestic mountains and high plains. It has a land area of 97,914 square 
miles (ranks 9th in the US) with water area totals of 714 square miles (35th). Percent of land in rural areas totals 
91.7% (9th), with 47.7% owned by the Federal Government (6th) and 6.2% owned by the State Government. Its 
mean elevation is about 6,700 feet above sea level (2nd) and even when the mountains are excluded, the average 
elevation over the southern part of the state is well over 6,000 feet, while much of the northern portion is 
approximately 2,500 feet lower. The lowest point of 3,125 feet is near the northeast corner where the Belle 
Fourche River crosses the State line into South Dakota. The highest point is Gannett Peak at 13,785 feet, which 
is part of the Wind River Range in the west-central portion. Since the mountain ranges lie in a general north-
south direction they are perpendicular to the prevailing westerlies and provide effective barriers which force the 
air currents moving in from the Pacific Ocean to rise and drop much of their moisture along the western slopes. 
Wyoming is considered semiarid east of the mountains. There are several mountain ranges but the mountains 
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themselves cover less area than the high plains. The topography and variations in elevation make it difficult to 
divide the state into homogeneous, climatological areas.  

The Continental Divide splits the state from near the northwest corner to the center of the southern border. This 
leaves most of the drainage areas to the east. The run-off drains into three great river systems: the Columbia, the 
Colorado, and the Missouri.  

The Snake, with its tributaries in the northwest, flows into the Columbia; the Green River drains most of the 
southwest portion and joins the Colorado; the Yellowstone, Wind River, Bighorn, Tongue, and Powder River 
drainage areas cover most of the northern portion flow northward into the Missouri. The Belle Fourche, 
Cheyenne, and Niobrara, covering the east-central portion flow eastward, while the Platte drains the southeast 
and flows eastward into Nebraska. There is a relatively small area along the southwest border that is drained by 
the Bear which flows into the Great Salt Lake(Figure 1.1). In the south-central portion west of Rawlins, there is 
an area called the Great Divide Basin. Part of this area is often referred to as the Red Desert .  

There is no drainage from this basin and precipitation, which averages only seven to 10 inches annually, follows 
creek beds to ponds or small lakes where it either evaporates or percolates into the ground.  

 
 

  

Figure 1. Major Wyoming rivers and stream flow direction  

Snow accumulates to considerable depths in the high mountains and many of the streams fed by the melting 
snow furnish ample quantities of water for irrigation of thousands of acres of land. The snowmelt also furnishes 
water to generate electric power for industrial and domestic uses.  

Rapid run-off from heavy rain during thunderstorms causes flash flooding on the headwater streams; the 
flooding is intensified when the time of these storms coincides with the melting of the snow pack. Considerable 
damage results when overflow occurs in the vicinity of urban communities situated near these streams. 
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As one climbs in altitude, the temperature will generally decrease by 5.5° F per 1,000 feet in dry air or 3.5° F 
per 1,000 feet in saturated air. This change is nearly equivalent to a move poleward of 300 miles. Since the 
average elevation in Wyoming is about 6,700 feet above sea-level, its annual temperature is nearly the same as a 
similar area near sea-level 2,000 miles north of the state. The same plant species would be expected in both 
locations if the available precipitation were similar. The timber line decreases in elevation by about 350 feet for 
every 100 miles north that one travels. Of course, seasonal variations in temperature occur because of the tilt of 
the earth's axis which causes the sun to appear lower or higher in the noontime sky. Also, when one moves to or 
from a specific latitude, the amount of heat received from the sun will vary.  

Daily temperature usually peaks two to three hours after the sun reaches its highest point in the sky while the 
coldest temperatures occur just around sunrise. Maximum yearly temperatures usually occur around 10 July and 
the mimumim around 10 January. If winds persist over night and/or clouds dominate, temperatures will be 
warmer than if the winds are calm and the skies are clear. This happens because winds help mix warmer air that 
is aloft with cooler air nearer the surface. Clouds, on the other hand, tend to radiate heat back down to earth, 
acting as a blanket. Of course, after the passage of a cold front, colder air moves into an area through a process 
called advection, thus helping to cool the air at all levels.  

1.2.1 Ecoregions4b
 

Ecoregions are large areas of similar climate where ecosystems recur in predictable patterns. In Figure 1.1a., the 
ecoregions for Wyoming and vicinity is shown. Many federal agencies and private organizations use a system of 
land classification based on the ecoregion concept. Some of these include USDA Forest Service, U.S Geological 
Survey, U.S. Fish and Wildlife Service, The Nature Conservancy, and The Sierra Club. Projects include 
biodiversity analysis, landscape and regional level forest planning, and the study of mechanisms of forest 
disease.  
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Figure 1.1a.  Ecoregions 

 

1.3 Climate Change5 

Recent reports from the Intergovernmental Panel on Climate Change (IPCC) indicate that several General 
Circulation Models (GCM) predict temperature increases greater than 6° F during the next 100 years due to 
increased greenhouse gas emissions (i.e., Carbon Dioxide, (CO2)). Wyoming (Figure 1.2) and the Northern 
High Plains have not experienced large annual changes in temperature or precipitation during the past five to six 
decades, with the exception of North Dakota (temperature) and central South Dakota (precipitation) despite 
increasing greenhouse gases in the atmosphere. Increased trends in precipitation along the coastal waters of the 
Gulf of Mexico and the eastern seaboard are attributable to an increase in tropical storm activity. Decreasing 
temperature over the southeast US is caused by increases in general cloud cover. Increases in temperature over 
the southwest US are caused by irrigation of desert lands.  

Night time temperatures remain higher as a result of the introduction of additional water vapor into the lower 
atmosphere. Increasing temperature trends over the western third of the county are negated by the decreasing 
trends over the southeast US despite increasing urbanization (Figure 1.3). The GCM also predicts that with 
increasing temperatures, precipitation is expected to increase. These modeled forecasts have not been successful 
thus far when compared to actual observations for many locations around the US. 
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Figure 1.2. Wyoming decadal precipitation and temperature changes by three month running averages with 
trends since 1966 (courtesy of NOAA's Climate Prediction Center)  
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Figure 1.3. Annual temperature and precipitation decadal changes for the US (trends since 1966)6 
 

Both water vapor and carbon dioxide are greenhouse gases. Both can warm the air. Warmer air can contain 
more water vapor than cooler air. For that reason, climate models incorporate a “positive feedback loop” 
between atmospheric carbon dioxide levels and atmospheric moisture content. The way the models see it, as the 
atmospheric concentration of CO2 increases it leads to warmer conditions, which lead to more water vapor in 
the air, which leads to even warmer conditions.  

Remove the positive feedback from water vapor and an enhanced carbon dioxide concentration (on its own) 
results in the climate models’ projecting only about one-half to two-thirds the amount of warming they do when 
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water vapor's positive feedback is included. But this doesn’t account for the fact that the water vapor feedback 
itself can be amplified by consequent changes in cloudiness.  

High-level water vapor (and ice crystal) amounts have a major influence on planetary temperatures. Water vapor 
(and cirrus clouds) at this height have a net warming effect-they allow sunlight to readily pass through to the 
surface, yet they are also effective at absorbing heat emitted from the earth and atmosphere. Since radiosonde 
data are used to run climate models, these findings imply that the models are wrong in a fundamental way. For 
example, one method by which the climate models can generate high surface temperatures is to overestimate the 
amount of warming generated per unit increase in greenhouse gas levels.  

Thus in order to better model climate, there is a fundamental need to know what the water vapor content is for 
the entire atmosphere. Recent technological advances using Global Positioning Satellites (signal delays) may 
help provide this valuable data.6a  

 
1.4 Climate Division Normals 
A climate Normal is defined by convention as the arithmetic mean of a climatological element computed over 
three consecutive decades beginning with year one (e.g., 1971). Although an individual weather station's trends 
are useful for determining any signals of a climate change, a region such as any of Wyoming's 10 climate 
divisions (CD) (Figure 1.4) can perhaps better reveal if a individual station's trend is representative of any larger 
scale climate change.  

 

  

Figure 1.4. Wyoming Climate Divisions  

In Figure 1.5, Wyoming's climate division 1 (Yellowstone region) clearly shows a warming trend during the 
first three months of the year and a cooling trend during December. Annually, the temperature has increased 
0.9° F for the past five Normal periods. Figure 1.6 shows the same Normal periods for precipitation.  

Annually, the trend has decreased by more than an inch.7 When comparing average monthly temperature 
(Figure 1.7) and preciptation (Figure 1.8) for the period from 1931-2000, clearly western Wyoming (CD 1, 2, 
and 3) is cooler and northeast Wyoming (CD 5, 6, and 7) is the warmer region of the state. Climate division 2 is 
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by far the wettest in the cooler season and CD 5, 6, and 7 are the wettest during the warmer season.  

 

 

Figure 1.5. Wyoming Climate Division 1 (NW corner of the state) showing the average temperatures from 
1931-2000 and the last five climate Normals8  
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Figure 1.6. Same as Figure 1.5 except for precipitation9 
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Figure 1.7. Monthly average temperatures for all 10 Wyoming Climate Divisions based on the period from 
1931-2000 (5 Normal Periods) 
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Figure 1.8. Same as Figure 1.7 except for precipitation  

 

1.5 Climate Reference Network10 

The discussion about the nature of climate change would not be complete without addressing whether the US 
Climate Reference Network has experienced any significant climate changes. These high quality weather 
stations are located so that the effects of urbanization or other land-use changes in the vicinity of these stations 
are held to a minimum. However, this has not always been successfully achieved. Some of these stations have 
been relocated over time and a correction factor to tie both locations to a similar climatology may have been 
incomplete. However, the goal of maintaining a homogeneous long-term climate record is paramount and is 
expected to improve with the employment of better weather sites in the near future.  

Climate models imply that with global warming, whether natural or human induced, precipitation totals will 
increase over time. While locations such as Alta indicate that the models may be correct, the trend pattern is far 
from conclusive across Wyoming (Figure 1.9). The change in annual precipitation is based on linear regression 
statistics for 100 years. All stations have continuous records of at least 79 years as of 2000. Climate models also 
suggest that, with global warming, temperatures will increase over time, especially average minimum 
temperatures. In 1984, Rock Springs minimum average temperatures jumped over 10°F for some unknown 
reason, thus skewing the long-term trend. However, since there are a number of stations reporting a cooling 
trend for minimum averages(Figure 1.10), some kind of contamination of the records is suspected. The top 
number is the maximum temperature linear trend based on a 100-year period. All stations exceed 62 years of 
record length as of 2000, but all have several years when critical data were not availible, thus potentially 
resulting in erronous trends.  
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While the family of GCM's predictive capabilities are slowly improving, there are still significant hurdles to 
overcome. Namely improved spatial grid resolution horizontally and vertically, as well as a more thorough 
understanding of cloud parameterization. Improvements in computer technology is expected to drastically 
improve spatial resolution shortly. Cloud physics on the other hand is not well understood due to their dynamic 
nature. Their location, type, and water content are constantly changing due to external factors that are not easily 
quantified or accounted for. These factors make cloud modeling extremely difficult and inaccurate especially in 
terms of time. Cloud modeling would require accurate measurements in real time to keep up with the fluidity of 
a cloud life.  

 

  

Figure 1.9. Historical Climate Network Stations precipitation trends. Values are in inches of change per 
century.  
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Figure 1.10. The US Historical Climate Network Stations temperature trends. Maximum temperature change 
(top), minimum temperature change (bottom). Values are in °F per century.  

In summary, Figure 1.11 shows that the global climate has changed naturally over time as determined by 
various proxy methodologies.  
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Figure 1.11. Global Climate Change Record (Courtesy of C.R. Scotese11) 
 

1. http://www.co2science.org 

2. http://www.techcentralstation.com/climatechange.html  

2a. http://www.marshall.org/pdf/materials/136.pdf  

3. http://www.scotese.com/climate.htm  

4. Ralph Boas, Weatherwise (April 1980), pg. 60-64  

4a. http://tao.atmos.washington.edu/greg/lowerrockies/states/WY/station_select.html  

4b. http://www.fs.fed.us/institute/ecoregions/eco_download.html  

5. Policy Statement on Climate Variability and Change by the American Association of State Climatologists 
(AASC): http://www.wrds.uwyo.edu/wrds/wsc/aascpolicy.html  

6. http://www.cpc.ncep.noaa.gov/charts.shtml  

6a. http://www.soest.hawaii.edu/MET/Faculty/businger/poster/GPS/  

7. See CD: 01_climate_change folder for more climate division data  

8. http://www5.ncdc.noaa.gov/climatenormals/clim85/CLIM85_TEMP01.dat
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9. http://www5.ncdc.noaa.gov/climatenormals/clim85/CLIM85_PRCP02.dat  

10. http://www.ncdc.noaa.gov/oa/climate/uscrn/index.html  

11. http://www.scotese.com/climate.htm  
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Metadata 
2.1 General Description 
In Wyoming, there have been over 1,000 weather stations that have operated or changed locations during the past 120 years. These stations are listed in the
Appendix D located at the back of this atlas. Generally, many weather stations have operated periodically for short or extended periods. It has been a very common 
occurrence for some stations to change locations by several feet or several miles and by a few to many feet in elevation. These moves usually result in some
contamination in the climate record making any determination of meaningful trends problematic. Therefore, caution should be exercised when attempting to
reconstruct any long term climate record from a weather station that has changed locations, no matter how small the change. Besides first and second order stations,
several other types of stations comprise the weather monitoring network in Wyoming. In Figure 2.1, the network density in a 20 x 20 mile grid is shown. Note the
low density of stations across much of the state, including the many gaps with no station coverage.  

Routine surface weather observations are taken every 10- to 15-minutes at Wyoming's four first order stations in Casper, Cheyenne, Lander, and Sheridan, and at
the 15 other stations using the Automated Surface Observing System (ASOS). ASOS began operations in 1996. With its operation came a major change in
reporting weather observations. The METAR code was implemented and measurements were recorded in metric instead of English units. Slight rounding
differences in temperature and dew point, as well as measuring cloud cover in octants instead of tenths were just some of the resulting differences. As a result, the
1971-2000 hourly Normal graphs, in this atlas were not produced. However, by developing the 1961-1990 hourly Normals graphs a very close approximation to 
the newest Normals period was achieved.12  

Additionally, as of 2003, there were 28 Wyoming Department of Transportation (WYDOT) sites across the state that also provide 10- to 15-minute observations, 
although cloud data are not recorded. There were 41 secondary Remote Automated Weather Stations (RAWS) that are used to monitor fire potential in the western
mountains and 229 Cooperative Observer (COOP) stations that mostly report daily maximums and minimums for temperature, and daily totals for precipitation and
snow. About 206 stations operated under the Hydrometeorological Automated Data System13 to support flood and flash flood warnings, reporting at one to three 
hour intervals. There were 81 Snowpack Telemetry (SNOTEL) stations that measured the snow-water equivalent (SWE) at high altitude locations. Two agriculture 
sites, Torrington (Soil Climate Analysis Network, or SCAN) and Afton (Agricultural Weather Network, or AgriMet) report air and soil temperature at depth while
Torrington also reports soil moisture to a depth of 40 inches. Other stations, such as Archer, WSO Casper, Gillete, Powell, and Wheatland, provide daily data to the
Wyoming Climate Office after the end of each month. The state's only rawinsonde station at Riverton provides two daily upper air soundings, reaching heights in
excess of 50,000 feet. The state is also home to an atmospheric profiler in Medicine Bow that has been in operation since the early 1990s. Unlike a balloon ascent
that records winds, temperature, and humidity, the profiler records just wind direction, speed, and turbulence at intervals of less than 1,000 feet every six minutes.
Implementation of the Community Collaborative Rain and Hail Study (CoCoRAHS)14 is expected to launch in Wyoming during the spring of 2004. 

  

Figure 2.1. Weather station density across Wyoming. White squares indicate no COOP weather stations.15 
 

2.2 Wyoming Hydrometeorological Networks16
 

With internet access, there is a wealth of weather and water related data that in some cases are updated continuously in the form of text and graphics.  

In Table 2.A., a summary of the most important and reliable websites are identified. Some contain archived data for several days or weeks.  

Table 2.A. Wyoming hydrometeorological networks
NETWORK  ELEMENTS  REPORTING INTERNET*
ASOS 
(20)/AWOS (4)  

most**  hourly,  http://www.joss.ucar.edu/ gapp/networks/images/regional/
NW_ASOS.gif
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COOP (229)  max, min, precip, snow  daily (Figure 2.2)  http://tao.atmos.washington.edu/greg/ 
lowerrockies/states/WY/WY_map.html 
WY_map.html

CWOP (10)  most  

http://personal.riverusers.com/ 
~aprswest/javAPRS/wx.html 
WY.html 

3 minutes  http://personal.riverusers.com/~aprswest/javAPRS/wx.html
nw_cwop.png  

APRSWXNET 
(3)  

most, not clouds  

http://www.wxqa.com/DCC3.htm  

15 minutes  http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
NW_APRSWXNET.gif  

RAWS (41)  Temperature, humidity, wind, 
precipit, fuel elements, wind rose  

hourly  http://www.wrcc.dri.edu/wraws/wyF.html 
NW_RAWS.gif

HADS (206)  most, not clouds or pressure  

http://dipper.nws.noaa.gov/hads/charts/WY.html

15 minutes  http://www.nws.noaa.gov/oh/hads/states/WY_dcps.htm 
nw_hads.png  

AgriMet (1)  Afton:  

most, not clouds, includes soil, solar  

15 minutes  http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
REG_agrimet.gif  

AWDN (1)  Torrington:  

most, no clouds  

hourly 
http://hpccsun.unl.edu/ 
awdn/location/WY.html  

http://www.joss.ucar.edu/ 
gapp/networks/images/wyoming/ 
WY_HPCN.gif  

WYDOT (28)  most, no clouds or pressure  

http://www.wyoroad.info/highway/sensors/sensors.html

15 minutes (Figure 2.3)  http://www.wyoroad.info/highway/roadbuddies.html 
WY_RWIS.gif  

BRIDGER-
TETON 
NATIONAL 
FOREST (13)  

http://www.jhavalanche.org/  15 minutes Dec-APR  http://www.joss.ucar.edu/ 
gapp/networks/images/wyoming/ 
WY_BTAVAL.gif  

GLEES (1)  most, soil, no clouds or pressure  15 minutes  http://www.fs.fed.us/ rm/landscapes/Locations/Glees/ 
GLEES.shtml

NCEP PRECIP 
(87)  

precipitation, radar  

http://wwwt.emc.ncep. 
noaa.gov/ mmb/ylin/pcpanl/  

hourly  http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
NW_NCEP.gif  

COOP 15-MIN 
PRECIPITATION 
(51)  

precipitation  15 minutes  

see: WY Climate Atlas CD 

http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
NW_COOP_15minprecip.gif  

SNOTEL (81)  temperature, precip, snow depth (SWE)  

http://www.wcc.nrcs.usda. 
gov/snotel/Wyoming/ 
wyoming.html  

hourly (Figure 2.4)  http://www.joss.ucar.edu/ 
gapp/networks/images/wyoming/ WY_SNOTEL.gif  

WSR-88D 
RADAR (2)  

hourly precipitation estimates  

http://www4.ncdc.noaa. 
gov/cgi-win/wwcgi.dll 
?WWNEXRAD~Images2  

6 minutes  http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
NW_88d.gif  

UNIV OF 
OREGON 
SOLAR 
RADIATION (1)  

Green River:  

http://solardat.uoregon.edu/ 
SelectCumulativeSummary.html  

6 minutes  http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
REG_SRML.gif  

AMERIFLUX (1) CO2, energy flux  

http://public.ornl.gov/ 
ameriflux/Participants/ 
Sites/Map/index.cfm  

30 minutes  http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
nw_ameriflux.png  

SCAN (1)  Torrington:  

most, soil, no clouds  

hourly 
http://www.wcc.nrcs. 
usda.gov/scan/Wyoming/ 
wyoming.html

http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
NW_SCAN.gif  

USGS (136)  streamflow  

http://water.usgs.gov/ 
cgi-bin/dailyMainW? 
map_type=real&state=wy  

near-real time  http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
NW_USGS_streamflow.gif  

USBR 
RESERVOIR 
(12)  

reservoir levels, inflow, outflow  daily  "http://137.77.133.1/gp/hydromet/"  

NWS 
RADIOSONDE 
(1)  

Riverton:  

temperature, humidity, winds, pressure levels  

12 hours  

http://weather.uwyo.edu/ 
upperair/sounding.html

http://www.joss.ucar.edu/ 
gapp/networks/images/regional/ 
NW_NWS_sonde.gif  

NPN (1)  Medicine Bow:  

winds at 250 m resolution  

6 minutes  

http://stormeyes.org/ 

http://www.joss.ucar.edu/ 
gapp/networks/images/national/ 
NAT_NPN.gif  
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* (highlighted) portion of the website address is substituted for the specific coverage chart. ** most of the common weather elements are available.  

  

Figure 2.2. Current first order and precipitation Wyoming weather stations in operation. The boundaries of the 10 climate divisions are shown by dashed lines. 

 

Figure 2.3. Wyoming Department of Transporation (WYDOT) roadside weather reporting stations 

pietrycha/wy.html#profilers
GPS-MET (2)  most, no clouds  3 minutes  http://www.joss.ucar.edu/ 

gapp/networks/images/regional/ 
NW_GPSMET.gif  

fS (>80)  precip, snow, hail  Daily  

http://www.cocorahs.org

 
http://www.cocorahs.org/state.aspx?state=wy  

WYvisnet (3)  temp, RH, winds  15 minutes http://wyvisnet.com  
Schoolnet (12)  most, no clouds  real time http://www.crh.noaa.gov/riw/schoolne.htm
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Figure 2.4. Wyoming Snow Telemetry (SNOTEL) stations  

2.3 Data Availability 
Although weather stations may have been in operation for several decades, each station will contain gaps in its climate record. In Figure 2.5, a graph of Evanston's
record of observations reveals periodic gaps when data were unavailable. Caution should be exercised by not inferring that a large quantity of data means that the
quality of data is high. This chart is available for any Wyoming station within the Western Region Climate Center's inventory see footnote.17  

  

Figure 2.5. Metadata for Evanston's maximum daily temperature for the past 100+ years. White indicates no data available for specified dates.  

12. See CD: 01_climate_change, graphs, delta_normals, US_normals, delta_folder 

13. http://www.nws.noaa.gov/ohd/hads/states/WY_dcps.htm  

14. http://www.cocorahs.org/  

15. http://nwshqgis.nws.noaa.gov/website/coop/  

16. http://www.eol.ucar.edu/projects/hydrometnet/wyoming/  

17. http://www.wrcc.dri.edu/summary/climsmwy.html  
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Temperature 
3.1 General Description 

Because of its elevation, Wyoming has a relatively cool climate ranks 41st in the US with an annual average of 45.6°F (Figure 3.1). Above the 6,000 foot level, the 
temperature rarely exceeds 100°F. The warmest parts of the state are the lower portions of the Bighorn Basin, the lower elevations of the central and northeast, and 
along the eastern border. The highest recorded temperature is 116°F on July 12, 1900 at Bitter Creek in Sweetwater County. The average maximum temperature at 
Basin in July is 92°F. For most of the state, the mean maximum temperatures in July range between 85°F and 95°F. With increasing elevation, average values drop 
rapidly (5.5°F per 1,000 feet). A few places in the mountains at about the 9,000 foot level have average maximums in July close to 70°F. Summer nights are almost 
invariably cool even though daytime readings may be quite high at times. For most places away from the mountains the mean minimum temperature in July ranges 
from 50°F to 60°F. Of course the mountains and high valleys are much cooler with average lows in the middle of the summer in the 30s and 40s with occasional 
drops to below freezing.  

In the wintertime, it is characteristic to have rapid and frequent changes between mild and cold spells. Usually there are up to 10 cold waves that hit the state but 
frequently less than half that number for any one location in Wyoming. The majority of cold waves move southward on the east side of the Divide. Sometimes only 
the northeast part of the state is affected by the cold air as it slides eastward over the plains. Many of the cold waves are not accompanied by enough snow to cause 
severe conditions. However, blowing snow can severly reduce visibility.In January, generally the coldest month, minimum temperatures range mostly from 5°F to 10°
F. In the western valleys mean values go down to about -5°F. The record low for the state is -66°F observed February 9, 1933 in Yellowstone Park.  

To illustrate winter temperature extremes, figure 3.0 shows the average number of days per season based on an average of 28 weather stations across Wyoming for 55 
winter seasons from 1948-9. By definition, in this study an extreme temperature that equals or exceeds two standard deviations based on the 55 winter average daily 
maximum and minimum temperatures was used. Linear trend lines show that winter extreme cold days have been diminishing from just over 4.2 days per winter to 
3.2 days while extreme warm days in winter have increased from just over one day every two winters to about 1.4 days every two winters. The individual winter 
rankings from most warm and cold extreme number of days to least is shown in Table 3.1. While the average number of extreme maxima seasonal events varied from 
2.6 days or less (i.e., 1980-1, 1994-5), extreme minima events were as high as nearly 13 days on average in 1978-9 to nearly no events in 1982-3, 1966-7, and 1999-
2000. In Table 3.2, Torrington, Wheatland, Newcastle, Phillips, and Laramie (all eastern cities) have been trending towards more extreme cold days since 1948-9 
while the remainder of the stations listed has shown a decreasing trend for the number of extreme cold days. The " * " for Moran shows the greatest decreasing trend 
of -4.5 days over 55 winter seasons. This exception can be explained in part since during the first winter of the study, there were 21 days of extreme cold. If there 
were about half that number, the trend would be -3.4 days while if there were no extreme cold days, the trend would be only -2.3 days. Thus caution should always be 
used when reviewing trends since the start and end points can cause exaggerated and skewed results. The maximum number of days of extreme temperatures during 
the 55 winter seasons is listed by season if two or fewer seasons had the same maximum number of days.  
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Figure 3.0. Wyoming Winter Extremes (temperatures >=ABS(2sd)) 

  

Table 3.1. Wyoming winter season average days when daily max and min temps >=ABS(2sd)  

  

Table 3.2. Wyoming winter cold & warm waves (>ABS(2sd))  
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During warm spells in the winter, nighttime temperatures frequently remain above freezing. Chinooks, warm downslope winds, are common along the eastern slopes. 

Numerous valleys provide ideal pockets for the collection of cold air drainage at night. Protective mountain ranges prevent the wind from stirring the air, and the 
colder, heavier air settles into the valleys often resulting in readings well below 0°F. It is common to have temperatures in the valleys considerably lower than on the 
nearby mountainside. Big Piney, in the Green River Valley, is such a location.  

Mean January temperatures in the Bighorn Basin show the variation between the lower and upper parts of the valley. At Worland and Basin in the lower portion of 
the Bighorn Basin, not far from the 4,000-foot level, the January mean minimum temperature is 0°F, while Cody, close to 5,000 feet on the west side of the valley, 
has a January mean minimum of 11°F. January has occasional mild periods when maximum readings will reach the 50s °F; however, winters are usually long and 
cold.  

  

Figure 3.1. Annual average temperature in Wyoming (PRISM)  

Discussion about temperature records is always of interest to the general public or special interest groups. Many a bet has been waged during coffee breaks and many 
are surprised by the answers. For example, Wyoming has experienced a temperature span of over 180°F between its all time highest and lowest readings (Table 3.A. 
and Table 3.B.).  
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Figure 3.2. Average number of days each year with temperatures above 90°F in Wyoming (PRISM, 1961-90)  

  

Figure 3.3. Average number of days each year with temperatures of 32° F or lower in Wyoming (PRISM, 1961-90) 
 

In Figure 3.2 and Figure 3.3, the average number of days with temperatures warmer than or equal to 90°F and equal to or cooler than 32°F are shown. Excessively hot 
days are rare at higher elevations but are common in the Bighorn Basin and eastern plains (>40 days). Days with freezing temperatures or colder exceed 228 days in 
the mountains but only about half that amount over portions of the eastern plains and central river basins.  

Table 3.A. Wyoming temperature records (° F) 
Record Highest  116 12 Jul 1900 Bitter Creek  
Record Lowest  -66 9 Feb 1933 Riverside R.S.  
Highest Average Annual Temp  49.9     

Lingle 2 S  

Lowest Average Annual Temp  30.8

  

Darwin Ranch  

Consecutive Days Max >= 90  41 days Jul-Aug 1964 Basin  
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(* = on more than one occasion)  

3.2 Heat Stress Index 
Heat Stress Index is defined as the combination of high temperature and humidity that humans can physically tolerate. In the US, extreme heat may have a greater 
impact on human health (Kalkstein and Davis, 1989), especially among the elderly (Changnon et al., 1996), than any other type of severe weather. The combined 
effects of temperature and humidity cannot be directly measured but can be assessed by a calculation of an "apparent temperature" (A).  

Ignoring wind effects, one can estimate apparent temperature as:  

A (°C) = -1.3 + 0.92T + 2.2e 

where T is ambient air temperature (°C), e is water vapor pressure (kPa) (Steadman, 1984).16 
 

  

Figure 3.4. NOAA's Heat Index table  

The apparent temperature of "how hot it feels" should not be confused with the Heat Index 17 (Figure 3.4) used by NOAA's National Weather Service. Because the 
latter index is not defined for temperature below 80°F (27°C) and relative humidity below 40 percent, it is not suitable for compilation of a climatology. To include 
values below these limits would be a misuse of the Heat Index, but rejecting those conditions would introduce bias. Therefore employment of the Steadman (1984) 
apparent temperature is used. Table 3.C. shows the heat stress index for five Wyoming cities. For each station, three-hourly July and August data for 1961-1990 were 
used to determine the 85th percentile values of daily average, daily minimum, and daily maximum ambient temperature and apparent temperature in °F. The 85th 
percentile values have been shown to be closely correlated with weather-related mortality statistics (Kalkstein and Davis, 1989). These conditions are exceeded on 
average about a dozen days during July and August. In several instances, the apparent temperature is lower than the actual temperature because of very low relative 

Consecutive Days Min <= 32  277 days Oct 67-Jul 68 Kendall  

Table 3.B. Wyoming monthly record temperatures (° F) 
Jan  72  1981  Recluse 14NNW* -61 1875 Fort Sanders
Feb  79  1995  Weston*  -66 1933 Riverside RS
Mar  86  1907  Pine Bluffs  -50 1906 Snake River YNP
Apr  93  1948  Basin  -29 1920 Lake Yellowstone
May  101  1934  Sundance*  -8 1912 Foxpark
Jun  114  1988  Whalen Dam  5 1978 Burgess Junction
Jul  116  1900  Bitter Creek*  10 1911 Lolabana Ranch
Aug  115  1983  Basin  7 1910 Fountain Hotel YNP  
Sep  108  1978  Colony  -15 1983 Big Piney
Oct  98  1947  Hampshire*  -33 1917 Soda Butte YNP
Nov  86  1914  Wheatland  -46 1976 Darwin Ranch
Dec  78  1939  Sheridan*  -59 1924 Riverside RS
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humidity.  

3.3 Growing Season 
Early freezes in the fall and late freezes in the spring are typical in Wyoming. This results in long winters and short growing seasons. Wyoming is in a region of the 
Country where frequent variations from cold to mild periods, especially in the fall and spring occur. The average growing season (freeze-free period) for the principle 
agricultural areas is approximately 125 days (Figure 3.5).  

For hardier plants which can stand a temperature of 28°F or slightly lower the growing season in the agricultural areas east of the Divide is approximately 145 days.18

  

Figure 3.5. Mean number of annual frost free days in Wyoming (PRISM, 1961-90)  

In the mountains and high valleys freezing temperatures may occur any time during the summer. For tender plants there is practically no growing season in such areas 
as the upper Green River Valley, Star Valley and Jackson Hole. Sandy Creek a tributary of the Green River near Farson, has an average of 42 days between the last 
temperature of 32°F in early summer and the first freeze in late summer. For the places like Star Valley and Jackson Hole, the growing season is even shorter. The 
earliest and latest expected freezing dates across Wyoming are shown in Figure 3.6 and Figure 3.7. 

Table 3.C. Threshold values of apparent and actual temperatures 
HEAT STRESS INDEX (threshold)  Apparent T thresholds (° F) Actual T thresholds (° F)  

avg, max, min avg, max, min  
CHEYENNE  71.0, 83.2, 59.6 72.4, 86.6, 59.6  
LANDER  73.3, 85.7, 62.1 75.5, 89.5, 63.0  
ROCK SPRINGS  69.0, 81.6, 57.5 71.7, 85.9, 58.3  
SHERIDAN  74.6, 88.7, 61.0 76.0, 92.1, 60.9  
CASPER  73.5, 86.7, 60.7 75.5, 90.8, 60.7  
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Figure 3.6. Earliest expected freezing date in Julian Days 19,20 (PRISM, 1961-90) 
 

 

Figure 3.7. Latest expected freezing date in Julian Days (PRISM, 1961-90)  

Temperatures that cause freezing injury to winter wheat at different growth stages is shown in Figure 3.7a. Winter wheat rapidly loses hardiness during spring growth 
and is easily injured by late freezes. Snow cover helps to protect (insulate) plants when temperatures fall below certain thresholds. Winter wheat is grown primarily 
over northeast and southeast Wyoming. 

Page 7 of 25Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/temperature.html



 

Figure 3.7a. Wheat resistance to freeze injury (courtesy, AG Experimental Station & Cooperative Extension Services, Kansas State University, Manhattan, KA; 
adapted from A.W. Pauli)  

3.4 Growing Degree Day 
AgriMet uses an agronomically accepted algorithm for computing growing degree days that provides a means of evaluating the progress of the growing season.  

The formula is essentially:  

(Max Air Temp + Min Air Temp) / 2 - Base Temperature (50°F)  

where Max Air Temp is capped at 86°F and Min Air Temp is capped at 50°F.  

Temperatures above 86°F are not always beneficial to plant growth (and can be stressful) while temperatures below 50°F do not "detract" from any heat energy 
available to the plant. Let's take an example where the Max Air Temp is 90°F for the day and the Min Air Temp is 45°F. Since these values are outside of the upper 
and lower limits, they are reset to 86°F and 50°F.  

GDD = (86 +50) / 2 - 50 = 18  

To understand how to plan for a typical growing season it is important to consider when the 50% threshold for frost occurs (32°F, moderate freeze 28°F, or hard 
freeze,24°F). In Figure 3.8, Figure 3.9, and Figure 3.10, the probability of when specific temperatures can be expected is provided. More stations are available in the 
accompanying CD. 21  
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Figure 3.8. Probabilities for critical late spring temperature thresholds that have a negative impact on agriculture (Jackson, WY)  

 

Figure 3.9. Probabilities for critical early fall temperature thresholds that have a negative impact on agriculture (Jackson, WY)  

 

Figure 3.10. Probabilities of how long the growing season is based on critical temperature thresholds (Jackson, WY)  

3.5 Plant Hardiness 
Figure 3.11 shows some of the typical plants that can survive in Wyoming. While this hardiness map is based on expected minimum winter temperatures, 
consideration should also be given to annual and seasonal precipitation totals. It should be noted that an updated version of this map22 reflecting recent warming 
during the past two decades is currently under review by the US Department of Agriculture. 
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Figure 3.11. USDA Plant Hardiness Map of Wyoming  

3.6 Annual Degree Days to Selected Bases23
 

Table 3.D. presents the annual heating degree day normals to the following bases: 65, 60, 57, 55, 50, 45, and 40°F, and annual cooling degree day normals to the 
following bases : 70, 65, 60, 57, 55, 50, and 45°F.  

These values were computed in NCDC Climatography of the United States, number 81. More stations are available in the companion CD.24 
 

3.6.1 Maximum Heating Degree Days (Base 65) 

The most familar heating degree days (HDD) base used is 65°F. During the period from 1961-1990, the maximum expected HDD is shown in Figure 3.12. Although 
these values represent the expected coldest annual average temperature, it should not be inferred that all locations across Wyoming experience the coldest year during 
the same year.  

3.6.2 Maximum Cooling Degree Days (Base 65) 

In Figure 3.13, the maximum cooling degree days (CDD) for Wyoming is shown. Clearly, the state is divided by a line roughly from the northwest to the southeast.  

Higher terrain results in fewer days that require air conditioning. Lower elevations such as in the Bighorn, Lower North Platte, Powder-Tongue, Belle Fourche, and 
Cheyenne River Basins are considerably hotter. As with Figure 3.12, not all locations experience the hottest summer in the same year.  

Table 3.D. Annual Degree Days to Selected Bases (1971-2000) 

 Degrees Days
Heating Cooling

°F -->  65  60  57  55 50 45 40 70 65 60 57 55  50  45  
AFTON  9915   8254   7320   6733  5387  4221  3223  13   74 237  399   544    1014   1650  
ALBIN  6836  5467  4713  4246 3189 2309 1592 152 441 896 1239 1497  2240  3124 
ALTA 1 NNW  9102  7491  6594  6032 4741 3619 2660 42 145 359 556 723  1247  1917 
ARCHER  7495  6038  5240  4736 3589 2620 1811 88 296 666 962 1188  1855  2660 
BAGGS  8169  6670  5856  5344 4186 3213 2406 39 196 520 802 1022  1679  2490 
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Figure 3.12. Wyoming maximum annual heating degree days (PRISM, 1961-90)  

  

Figure 3.13. Wyoming maximum annual cooling degree days (PRISM, 1961-90)  

3.7 Temperature Data 

Temperature data can be viewed and used in many ways. For statewide data where weather stations are unavailable, the high resolution PRISM25 data provides a 
good means for estimating actual climatology. In Figure 3.14 and Figure 3.15, the record annual minimum and maximum temperatures are shown. In Figure 3.16, 
daily maximum and minimum temperatures for Wheatland are based on frequency of occurrence throughout the year. This can give one an overview of how often 
certain temperatures could be expected. Note that nearly 9% of the time, maximum temperatures have exceeded 100°F while minimums have exceeded 70°F more 
than 3%. However, more detail is provided in Figure 3.17 by showing the frequency of average weekly temperatures for specific weeks throughout the year.  

For example, during the hottest period in July, between 30-40% of the time, the average temperature is between 74°F and 77°F, but less than 10% of the time falls
below 68°F. Finally, in Figure 3.18, the daily mean maximum, mean minimum, and extremes (records) provide yet another way to summarize a station's temperature 
climatology. More stations are available in the accompanying CD.26  
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Figure 3.14. Annual record minimum daily temperature in Wyoming (PRISM, 1961-90)  

  

Figure 3.15. Annual record maximum daily temperature in Wyoming (PRISM, 1961-90) 
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Figure 3.16. Maximum and minimum daily temperature occurrences based on 10° F bins for Wheatland 4 N 
 

  

Figure 3.17. Frequency of weekly average temperatures for Wheatland 4 N (1915-2002)  

 

Figure 3.18. Average daily maximum, minimum, and extreme temperatures for Wheatland 4 N  

3.8 Hourly Temperatures 
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The number of stations reporting hourly weather are increasing over time. Currently the stations in Wyoming officially accepted by the National Climatic Data Center 
are Casper, Cheyenne, Lander, Sheridan, and 15 other ASOS. WYDOT highway locations report at 15 to 20 minute intervals but these stations are not reliably 
continuous, routinely calibrated or properly sheltered from the elements. However, these stations nonetheless provide a valuable resource in regions of sparce weather 
data.  

3.8.1 Actual Daily Average Temperatures? 

When using hourly data, interesting climatological quirks can be found. For example, by convention, average daily temperatures are based on the maximum plus the 
minimum divided by two. This convention may not accurately reflect the actual consumption of power required to heat or cool homes or businesses. By taking hourly 
temperatures each day and dividing by 24, the results show that the average annual temperature is actually 0.7°F cooler in Lander from 1961-1990 (Figure 3.19) than 
by taking the average from daily highs and lows.  

Casper showed -0.5°F annual difference, Cheyenne showed -0.1°F difference, and Sheridan showed a +0.4°F difference. Despite these differences, taking the average 
from daily maximum and minimum temperatures does approximate the continuous running temperature average for most given days. Yet, perhaps this procedure 
could be used to filter out any global warming signature trends caused by changing cloud cover or land use changes.  

  

Figure 3.19. Lander's average monthly temperatures calculated hourly and from daily maximum and minimum, 1961-90  

Figure 3.20, Figure 3.22, Figure 3.24, and Figure 3.26 show contoured charts of hourly average temperatures as a function of hour of day and month for Casper, 
Cheyenne, Lander, and Sheridan from 1961-1990. In Figure 3.21, Figure 3.23, Figure 3.25, and Figure 3.27, the monthly frequency of temperatures for the same 
stations show two or three periods of maximum frequencies (usually in the spring and fall with temperatures just above freezing and in the summer with temperatures 
in the mid 60s).  

3.8.2 Temperature Changes (hourly & daily) 

When examining hourly temperature changes at six year intervals from 1961-1995 (1990 is an overlapping year in this study), it is interesting to note that the most 
common temperature change actually fell within +/-1.8°F (Figure 3.28 to Figure 3.31).  

Also, one would expect a normal bell shape curve distribution centered on 0°F (+/-1.8°F) hr-1 but is actually skewed towards hourly warming. This result suggests 
that at night when temperatures fall and the relative humidity increases, temperature change becomes more conservative. 
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Figure 3.20. Average hourly temperature as a function of month and hour of the day at Casper (1961-1990). Numerical values are the minimum and maximum hourly 
averages in a year  

  

Figure 3.21. Casper monthly temperature frequency based on hourly observations from 1961-1990 
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Figure 3.22. Same as Figure 3.20 except for Cheyenne  

  

Figure 3.23. Same as Figure 3.21 except for Cheyenne  
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Figure 3.24. Same as Figure 3.20 except for Lander  

  

Figure 3.25. Same as Figure 3.21 except for Lander  
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Figure 3.26. Same as Figure 3.20 except for Sheridan  

  

Figure 3.27. Same as Figure 3.21 except for Sheridan  
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Figure 3.28. Casper hourly temperature changes based on six year intervals from 1961-1995. Temperature changes exceeding +/- 12.6° F in an hour occurred only 
187 hours in 35 years.  

  

Figure 3.29. Same as Figure 3.28 except for Cheyenne. Temperature changes exceeding +/- 12.6° F in an houroccurred only 288 hours in 35 years. 
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Figure 3.30. Same as Figure 3.28 except for Lander. Temperature changes exceeding +/- 12.6° F in hour occurred only 151 hours in 35 years. 
 

  

Figure 3.31. Same as Figure 3.28 except for Sheridan. Temperature changes exceeding +/- 12.6° F in an hour occurred only 267 hours in 35 years. 
 

In Table 3.E., extreme hourly temperature changes for six year periods (1990 duplicated in this study) show that, except for the 1967-72 period when the absolute 
hourly extremes were relatively small, most periods show significant rapid warming and cooling in excess of 20°F. Rapid cooling was related to cold front passages 
in winter or afternoon thunderstorms in summer. Rapid warming was related to either a warm front passage, rapid increase in winds that helped scour out cold dense 
pockets of air in winter, or down slope compressional heating (chinook winds). Potential applications for this type of data involve delicate electronics at remote sites 
or at communication relay stations. For example, rapid changes in atmospheric density can cause unwanted refraction of laser or radar frequencies.  

When examining diurnal (daily) average temperature changes, the chance for temperatures exceeding +/- 10.0°F varied between 1% and 19% of the time depending 
on the station and time of year (Table 3.F.) In Table 3.F., daily temperatures taken from 1948-1997 (1950-1997 for Casper) show the percent of occurrence when 
these criteria are met.  

Table 3.E. Extreme hourly temperature changes (°F) for Wyoming's four First Class Weather Stations 
period--->  1961-66  1967-72 1973-78 1979-84 1985-90  1990-95  
Casper Max  24.1  9.7 18.0 27.0 27.0 29.0  
Casper Min  -22.9  -12.4 -27.9 -32.0 -29.0 -24.1  
Cheyenne Max  20.2  9.4 16.9 18.0 25.9 24.1  
Cheyenne Min  -36.0  -9.4 -20.0 -25.7 -27.0 -26.1  
Lander Max  20.0  10.1 26.1 25.0 22.0 22.0  
Lander Min  -21.8  -9.0 -22.0 -22.1 -23.9 -22.0  
Sheridan Max  22.0  11.2 11.3 24.1 24.1 21.1  
Sheridan Min  -24.1  -10.4 -10.1 -32.0 -26.1 -22.1  
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In recent years, two of the greatest 24-hour average temperature changes occurred between January 31 and February 1, 1989 when the average temperature dropped 
from +46°F to -5°F at Lander, and nearly 11 months later on December 22nd to 23rd when the average temperature rose from -15°F to +33°F at Sheridan. However, 
these changes pale in comparison when one looks at actual temperature changes within the same day and within 48 hours. For example, for the period from 1915 
through 2001, Cheyenne had 15 days when the day's maximum minus the minimum was at least 50°F. On November 11, 1959, the maximum temperature was +56°F 
and the minimum was -5°F. However, looking at day one's maximum to day two's minimum, the temperature dropped from +51°F to -20°F between Februrary 5th to 
6th in 1933. A remarkable +75° F temperature rise occurred from day one's minimum to day two's maximum between December 22nd to 23rd in 1989 when the 
temperature changed from -28°F to +47°F. In about 31,500 days, there were 126 days when the temperature dropped at least 50°F and 167 days when the temperature 
rose at least 50°F within 48 hours in Cheyenne.  

3.9 Temperature vs. Altitude 
As described above in the general description of Wyoming's temperature, an increase in elevation will result in cooler summer daytime maximum temperatures. In 
Figure 3.32, there is a strong correlation between temperatures above 89°F and elevation and lesser so with temperatures below 10°F. The outlier shown is Buffalo 
Bill Dam, which is probably the result of the terrain and close proximity to the cooler reservoir waters. 

Table 3.F. Percent frequency by month when average daily temperature changes exceed +/- 10.0°F 
STN  JAN  FEB  MAR APR MAY JUN JUL AUG SEP OCT  NOV  DEC 
Casper  15.5  11.0  10.9 8.3 6.6 3.5 1.0 2.1 6.7 9.2  13.5  14.5 
Cheyenne  18.1  14.4  13.3 10.3 6.1 3.8 1.3 1.0 6.5 10.8  15.2  15.9 
Lander  14.0  8.4  8.0  6.9 5.7 2.7 0.7 0.7 4.0 5.4  8.6  11.7 
Rock Springs  9.2  4.8  6.2  4.8 4.7 2.9 0.5 0.5 2.8 3.7  5.1  7.5 
Sheridan  19.1  13.4  9.6  7.4 5.1 2.5 1.0 1.4 5.3 6.7  10.7  16.8 
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Figure 3.32. Station altitude vs. frequency of extreme temperatures based on 1961-90 weekly temperatures  

3.10 Temperature vs. Wind Direction 
It should come as no surprise that when winds blow from the south some warming can be expected. Similarly, when the winds are from the north, things should be 
cooler. In Figure 3.33, this is clearly illustrated. Despite the fact that Casper's prevailing winds are from the southwest, and a wide range of temperatures could 
therefore be expected, the highest and lowest temperatures are indeed attributable to advection of warm and cold winds, respectively. However, when downslope 
winds occur, warming can be expected regardless of the wind direction. These chinook winds can occur on the leeward side of the Big Horn, Wind River, and Teton 
Ranges.  
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Figure 3.33. Annual frequency of temperature as a function of wind direction (%) for Casper (1982-1991)  

3.11 Subsurface Temperatures 

Realtime Data pertaining to subsurface temperatures are limited to Afton (USBR, AGRIMET)27 located on the Idaho border between the Snake and Bear Rivers, and 
the Torrington Experimental Farm (NRCS, SCAN) 28 station located near the Nebraska border in Goshen County. Other stations, such as Archer, WSO Casper, 
Gillete, Powell, and Wheatland, provide daily data to the Wyoming Climate Office after the end of each month. 28a  

Seed germination and plant growth in response to surface and subsurface soil temperature is important for determining potential yield (biomass). In Figure 3.34 
Afton's 2-, 4-, and 8-inch depth average soil temperatures from 1992-2002 show little temperature difference between daily maximum and minimum temperatures 
during the cooler season, and warmer temperatures at shallower depths in the warmer season.  

  

Figure 3.34. Afton, average monthly subsurface maximum and minimum temperatures for 2-, 4-, and 8-inch depth) 
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Figure 3.35. Afton 2-, 4- and 8-inch monthly average temperature differences between daily maximum and minimum  

Also note that shallower depths have larger daily average temperature differences as would be expected due to the topsoil acting like a black body to the incoming 
solar radiation. This is illustrated in Figure 3.35. Note the large jump in temperature differences in April.  

The temperature record from Torrington Experimental Farm (Figure 3.36) reveals that in the winter, warmer temperatures are experienced at depth while the reverse 
occurs in the summer. Also note that the deeper levels lag in response time to changing temperatures at the surface. Of course, the degree to which this happens is 
dependent on soil type, moisture content, and exposure. In March and April the temperature difference between one and 72-inch depths is about 5°F. However in 
November and December this range increases to 20°F.  

  

Figure 3.36. Torrington mean monthly subsurface temperatures. The 1-, 4-, 20-, and 40-inch depths are based on an average of 25 years (1969-2000). The 2.25-, 8-, 
and 72-inch depths are based on an average of 14 years during this same period of operation.  

Additional Temperature References  
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NREL, 1992: User's Manual - National Solar Radiation Data Base (1961 - 1990), Version 1.0. NSRDB Vol. 1, 93pp.

Steadman, R.G., 1984: A universal scale of apparent temperature. J. Climate Appl. Meteor., 23, 1674-1282.  

16#. http://lwf.ncdc.noaa.gov/oa/climate/research/heatstress/ 

17#. http://www.crh.noaa.gov/ict/heat.htm  

18#. http://www.usbr.gov/pn/agrimet/  

19#. Julian Day conversion, see: http://blightcast.coafes.umn.edu/JulianDay.htm  

20#. "Julian Days" are numbered from January 1 (day 1) to December 31 (day 365 or 366 depending on leap years) each day is incremently numbered from the first 
day. For example January 31 would be day 31, while April 1 would be day 91 in a non-leap year, and day 92 in a leap year.  

21#. CD: temperature, text, appendix_data, period_of_record, appendix_supplement_data folders  

22#. see CD: Temperature, Misc, USDA_Map_3.03 (pdf version)  

23#. http://www.ncdc.noaa.gov/oa/climate/normals/usnormals.html  

24#. CD: appendix_data, normals_71_00, monthly_wy folders  

25#. http://www.ocs.orst.edu/prism/  

26#. CD: temperature folder  

27#. http://www.usbr.gov/pn/agrimet/agrimetmap/aftyda.html  

28#. http://www.wcc.nrcs.usda.gov/scan/site.pl?sitenum=2018&state=wy  

28a#. Available on pages 17-19 of the NCDC Annual Climatological Data publication. Free to .edu and .gov organizations.  
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Precipitation 
4.1 General Description 

Like other states in the west, precipitation29 varies a great deal from one location to another. With a limited number of weather stations reporting 
rainfall, estimates from weather radar30 have some limitations over the intermountain west, but some data are still better than no data. The period 
of maximum rainfall occurs in the spring and early summer for most of the state. Rainfall is greater over the mountain ranges and usually at the
higher elevations, although elevation alone is not the predominant influence. For instance, over most of the southwest portion of the state, the
elevation ranges from 6,500 to 8,500 feet, and annual rainfall varies from seven to 10 inches. At lower elevations over the northeast and along
the eastern border, where the elevations range mostly from 4,000 to 5,500 feet, annual averages are 12 to 16 inches. The relatively dry southwest
portion is a high plateau nearly surrounded by mountain ranges.  

The Bighorn basin provides a striking example of the effect of mountain ranges in blocking the flow of moisture-laden air from the east as well 
as from the west. The lower portion of the basin has an annual rainfall of 5 to 8 inches, and is the driest part of the state. The station showing the
least amount is Lovell at 3,837 feet with an annual mean of about 6.74 inches. In the southern part of the basin, Worland at 4,172 feet has an
annual mean of eight inches as compared with Thermopolis at 4,313 feet with 12 inches. Only a few locations receive as much as 40 inches a
year. The least, annual lower elevation total recorded, for any place in Wyoming is 1.28 inches at Lysite (5,260 feet) in 1960 and the greatest,
annual lower elevation total is 55.46 inches at Grassy Lake Dam (7,240 feet) in 1945 (Table 4.A.). The long-term (1895-2003) statewide average 
rainfall is 13.07 inches.  

From 1961-1990 (the previous Normals period), there were about 130 stations across Wyoming that had a continuous climate record. Certainly
the spacing of these stations would not allow for the accurate resolution of any climate element such as precipitation.  

However by using PRISM, (Parameter-Elevation Regressions on Independent Slopes Model) an expert system that uses point data and a digital 
elevation model (DEM) to generate gridded estimates of climate parameters31, 31a a more representative depiction of Wyoming climate has been 
achieved. In Figure 4.1, the annual precipitation across Wyoming is shown at a 2km resolution (1 km = 0.6 mile, or 1 mile = 1.6 km).  

During the summer, showers are quite frequent but often amount to only a few hundredths of an inch. Occasionally there will be some very
heavy rain associated with thunderstorms covering a few square miles. There are usually several local storms each year with one to two inches of
rain in a 24-hour period. On rare occasions, 24-hour amounts range from three to five inches.  

The greatest official 24-hour total recorded for any place in Wyoming is 6.06 inches at Cheyenne on August 1, 1985 (39% annual total).
Precipitation occurs on average only one in five days across the state during the year.  

In this chapter the three characteristics of rainfall; frequency, duration, and intensity will be discussed. In most climate atlases, the typical
information showing total average amount of rainfall for a given period does not provide enough information for optimal planning of activities.
For example, if the tourism industry wants to advertise the best times to visit the state, then knowing when the winter snows will dominate is 
important. Or, if the ranching community knows that spring precipitation will be normal and distributed more or less evenly week after week,
they can adjust their livestock numbers accordingly to yield maximum grazing ratios (i.e., cattle per acres). However, if the normal total spring 
rains occurred in just a few days, the prairies would fail to effectively "greenup". As a final illustration, if a structural engineer knows when to
expect a 100-year flood, bridge supports can be built or retrofitted to withstand these unusual stress events at the best dollar cost-to-risk 
consideration.  

Table 4.A. Record precipitation events in Wyoming (inches)
Maximum Annual  55.46 1945 Grassy Lake Dam 
Minimum Annual  1.28 1960 Lysite  
Max 24-hours  6.06 1 Aug 1985 Cheyenne  
Average Maximum Annual  32.31   Snake River  
Average Minimum Annual  5.11   Lysite  
Consecutive Days Measured  25 Jan-Feb 1950 Moose  
Consecutive Days with No Measured Precipitation 180 Nov 87-Apr 88 Deaver  
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Figure 4.1. Annual precipitation at 2km resolution in Wyoming (PRISM) 
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When we look at climate data statistics, a normal distribution (bell shaped curve) is assumed which represents the likelihood of an event
occurring (if they are truly random). By definition, one standard deviation (sd) approximates 68% of all occurrences while two sd represent about
95%. Therefore the more extreme an event is, the higher the absolute sd value. Because climate averages are seldom experienced, knowing the
range of possible values helps to provide flexibility for adjusting to all conditions.  

4.2 Frequency 
In Wyoming, there are currently only four first class weather stations where hourly precipitation measurements are in excess of 50 years are
available. In Table 4.B., the hourly frequencies for Casper, Cheyenne, Lander, and Sheridan show that from 1949-2001, more than 70% of the 
time no precipitation fell, and of the remaining period of what fell, more than 75% occurred at a rate less than 0.26 inch per hour. In Table 4.C.,
the frequency of the first 0.1 inch at 0.01 inch increments is shown for a given day with precipitation.  

Figure 4.2 shows that the lowest frequency of light precipitation occurs in the morning during July and the highest frequency in the spring and
fall during late evening and early morning.  

In Figure 4.3, the average number of days with measurable precipitation ranges from less than 53 days per year over the central and southwest
basins to well over two to three times this number over the highest elevations across the state.  

  

Figure 4.2. Hourly precipitation frequency (%) for all amounts up to 0.10 inch per hour by month (1949-2001) averaged for Casper, Cheyenne, 
Lander, and Sheridan  

Table 4.B. Hourly precipitation bins for Wyoming first class stations measured in percent of occurrence during 
days with precipitation (inches) (1949-2001) 
BINS  no 

precip  
0.01-
0.25  

0.26-
0.50  

0.76-
1.00

1.01-
1.25

1.26-
1.50

1.51-
1.75

1.76-
2.00

2.01-
2.25

2.26-
2.50  

2.51-
2.75  

>3.01

Casper  73.8  86.1  9.0  2.3 0.5 0.2 0.1 0.1 0.1         
Cheyenne 72.9  82.4  10.1  3.8 0.6 0.4 0.2     0.04  0.04     
Lander  80.5  76.7  12.9  5.3 1.2 0.3 0.2 0.1 0.08 0.03     0.02
Sheridan  72.4  84.0  9.9  3.1 0.5 0.2 0.1 0.1 0.02   0.02     

Table 4.C. Hourly precipitation frequencies (%) for very light amounts (1949-2001) 
Total/hr  0.01  0.02  0.03 0.04 0.05 0.06 0.07 0.08 0.09  0.10 
Casper  15.9  12.3  7.6 6.9 6.0 5.1 4.2 3.2 2.6  2.9  
Cheyenne  17.1  12.1  7.7 6.5 4.9 4.2 3.8 3.2 2.8  2.7  
Lander  13.3  9.8  6.4 5.6 5.3 4.2 4.4 3.1 2.3  3.0  
Sheridan  14.9  12.1  8.1 7.2 4.7 4.7 4.1 3.3 3.1  2.6  
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Figure 4.3. Average annual number of days with measurable precipitation in Wyoming (PRISM, 1961-90)  

4.3 Duration 
Most valley or plateau stations such as those represented and depicted in Figure 4.4 have the majority of a day's worth of precipitation occurring
under four hours (under six hours for Sheridan). Cheyenne has the most number of days with one to three hours of measurable precipitation. All
stations fall under 5% of occurrence for any specific period greater than six hours on any given day, but still total 17% for the remaining 17 hours
(28% for Lander). At higher elevations where prevailing winds create substantial uplift conditions, precipitation probably falls at durations two to
four times longer.  
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Figure 4.4. First class weather stations in Wyoming show duration of precipitation during a given 24-hour period  

Regional weather patterns such as the summer monsoonal flow from the Gulf of California can cause enhancement of thunderstorm activity in
June (Figure 4.5). If precipitation occurred randomly, one could expect during any month an average of 8.33% of a year's worth of precipitation
(12 * 8.33% = 100%). Clearly, the greener colored areas reflect higher than the 8.33% average (1961-1990). This phenomenon is more dominant 
in July and August over Arizona and New Mexico. As shown in Figure 4.6, the monsoon's influence extends northward into eastern and northern
Wyoming (April through June). Note that, during this period (25% of the year), more than twice the expected amount of precipitation falls across
portions of Wyoming. During years of drought, the monsoon fails to reach Wyoming. However, during other periods, the monsoon can result in
nearly half a year's worth of precipitation as noted in Table 4.D. No strong relationship to El Niño Southern Oscillation (ENSO over the East-
Central Pacific Ocean) is evident although all intensities of El Niño appear to dominate. A lesser correlation is noted regarding the Pacific
Decadal Oscillation (PDO) index.  

Due to topographic influences, different river basins experience dry and wet periods at different times. As shown in Figure 4.6, April to June wet
periods dominate eight of the 10 basins across Wyoming. The dry season dominates most basins during the coldest months. In Figure 4.7, the
percent of annual precipitation by month shows late spring and early summer as the wettest period of the year for most basins. However, the
highest elevations see the greatest monthly precipitation in mid fall and mid spring.  

  

Figure 4.5. June is the peak month under the influence of the summer monsoon over the Front Range of the Rocky Mountains32 
 

  

Figure 4.6. April through June percent of average precipitation (1961-1990,PRISM) 
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Figure 4.7. Lower elevation basin and sub-basin annual precipitation (percent) by month.  

Key: < "decreasing", > "increasing", >> "increasing rapidly"  

When examining the record of extra-tropical low pressure centers33 transiting Wyoming or passing within 100 km and 500 km, there has been a
gradual decline in the number of systems (Figure 4.8). Since 1976, the inter-annual variability in the number of lows has remained small.  

  

Figure 4.8. Extra-tropical low pressure centers transiting Wyoming (1961-1998) or passed within 100 km and 500 km of Wyoming 

Table 4.D. Notable June monsoonal flows over Buffalo, WY show some years when nearly half a year's total 
precipitation fell during one month  
YEAR Percent of 1971-2000 Annual Average 

Total  
Intensity, phase, and trend of 
PDO

Intensity of ENSO Nino 
3.4

1967  48.6  moderate warm > weak La Niña  
1963  45.4  moderate warm < weak El Niño  
1992  41.8  moderate cool < moderate El Niño  
1995  35.2  neutral weak El Niño  
1968  35.1  moderate warm < neutral  
1993  34.4  moderate cool < weak El Niño  
1975  34.2  strong warm < moderate La Niña  
1969  29.3  neutral weak El Niño  
1964  28.5  moderate warm > weak El Niño  
1982  24.8  weak cool >> strong El Niño  
1957  24.2  weak cool >> weak El Niño  
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Figure 4.9. The primary period for precipitation in Wyoming is during the spring (1961-1998)  

The correlation (r2=0.788) between the number of lows within 100 km and 500 km of Wyoming is statistically significant (>0.999). There were 
2,341 synoptic periods (12 hourlies) counted lows within a 500 km buffer of Wyoming and 471 lows within a 100 km buffer. However, when
comparing annual precipitation for Wyoming with the number of low pressure systems over or near Wyoming from 1961-1998 there is no 
correlation. This finding suggests that much of Wyoming's precipitation is derived from upslope and convective air mass thunderstorms. This
finding can be argued when comparing springtime correlations between the number of lows in the vicinity of Wyoming and precipitation totals.
When comparing month to month statistics (Figure 4.9), there is an obvious maximum frequency of lows transiting the area in the spring.  

Finally, in Figure 4.10, the distribution of lows over or within the vicinity of Wyoming is of relatively weak to moderate intensity (85% occur
with a minimum SLP between 992 mb and 1008 mb).  

  

Figure 4.10. The primary intensities of lows in or near Wyoming is of weak to moderate intensity (1961-1998)  
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4.4 Intensity34 

Estimated bounds on extreme precipitation events are used in the process of determining the flood-induced forces that structures might 
experience in their lifetimes. Engineering for flood survival is particularly important for high-hazard structures, such as dams above populated 
areas. There is usually a direct trade-off between cost and safety that sometimes result in confrontations between industry and regulators.35  

Although 100-year storms are rare in one's lifetime for a given location, Wyoming's nearly 100,000 square miles provide ample opportunity for
numerous exceptional events to occur every few years. For example: (1) the flash flood in southern Johnson county and the town of Kaycee, WY
on August 27, 2002, where radar suggested 7.5 inches fell in about four hours36; (2) Opal, WY on August 16, 1990, where over seven inches fell 
in two hours37; (3) Cheyenne, WY on August 1, 1985, where a nearly stationary thunderstorm deluged Cheyenne with rain and hail. Six inches 
of rain fell in six hours producing the most damaging flash flood on record for the state (see chapter 7.8.1) and; (4) Savageton, WY between
September 27, 1923 and October 1, 1923, 17.1 inches fell in 108 hours.38 All these events may have actually exceeded a 1,000-year return 
period.  

In Figure 4.11, the 100-year, 24-hour precipitation return period shows a maxima greater than 5.5 inches over the Wind River Mountains, and
less than 2.2 inches over the Great Divide Basin and northern Bighorn River basin. This map's depiction of Probability of Maximum
Precipitation (PMP) is probably highly generalized as noted by the fairly smooth contours on a relatively coarse spatial scale. This smoothing
falsely contributes to an implied degree of high accuracy. Thus the greatest disparities between generalized and site-specific estimates of 
maximum precipitation amounts appear for short-duration events (<6 hours) over small drainages (10 to 400 mi2).  

  

Figure 4.11. The 100-year, 24-hour precipitation return period is depicted in tenths of an inch. For the city of Cheyenne, less than 3.6 inches 
could be expected in a 24-hour period once every century.41  

In Figure 4.12, the 30-day probability return rates for Cheyenne based on data from 1915-2004 show that lesser amounts are nearly 100% certain 
to occur throughout the year but monthly amounts as high as three inches occur quite often in the spring. More probability return rates for other
Wyoming cities can be found in the atlas CD.39  

Several studies40 have argued that increasing greenhouse gas concentrations will results in an increase of heavy precipitation events. However,
examining the hourly precipitation record for Casper, Cheyenne, Lander, and Sheridan from 1949-2001 for extreme events of > 0.19 and >0.49 
inch per hour (~ >3.5% of a station's annual precipitation), Figure 4.13 shows large inter-annual variability. While there is a slightly increasing 
trend based on a linear fit, no statistical significance can be attributed to this. 
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Figure 4.12. Statistics for Cheyenne showing 30-day precipitation probabilities for various totals an 89 year period  

  

Figure 4.13. For the period of 1949-2001, hourly precipitation events greater than 0.19 inch and 0.49 inch were summed for Casper, Cheyenne, 
Lander, and Sheridan (data missing for Sheridan 1990-1992)  

4.5 Precipitation Effectiveness Index42
 

Estimation of soil moisture is necessary for a number of natural resource and agricultural applications. Soil moisture estimates are often
considered to be proportional to the Thornthwaite precipitation-effectiveness (PE) index. The PE index is an attempt to estimate precipitation 
effectiveness for plant growth. It has been used by the National Resources Conservation Service (NRCS) for many years in a variety of
applications. The equation is based on work by C.W. Thornthwaite published in 1931. The PE index, shown below, is the sum of monthly
indices that are calculated with the monthly precipitation (inches) and temperature (F).  

PE = Σ12 115 [P/T-10] 10/9 
 

where P is average monthly precipitation (inches) with 0.5 being the minimum value, and T is average monthly temperature (°F) with 28.4° F 
being the minimum value used in the calculation.  

One of the uses of the PE index is the calculation of the climatic factor (C) to characterize wind speed and surface soil moisture used in the Wind 
Erosion Equation. The climatic factor (C) is calculated using the following equation: 
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C = 34.48 * V3 / (PE)2  

where C is the annual climatic factor, V is average annual wind velocity, and 34.48 is the constant used to adjust local values to a common base. 

The equation below is the general form of the relationship currently used by the NRCS to estimate the average annual soil loss (E):  

E = f (IKCLV) where,  

I is the soil erodibility index, K is the ridge roughness factor, C is the climatic factor, L is the unsheltered distance along prevailing wind erosion 
direction, and V is the vegetative cover factor.  

This illustrates how the C-factor and the PE index value are used as important components of conservation planning and are used to derive soil 
erosivity estimates.  

Another use of the PE Index by the NRCS42a is as a soil climate property. In many of the Official Series Descriptions (OSD) for soils in the
Great Plains, the PE Index is included as an element of the geographic setting. It is considered an indicator of the potential for plant growth in
this region where moisture is frequently the most limiting factor.  

A simpler estimate43 of monthly effective precipitation is contained in Table 4.E. 
 

4.6 Rainfall Variability44
 

In a 4-year period, increased variability in rainfall results in the same long-term average amounts, but impacts the ecosystem in two ways. First, 
the grassland biomass is reduced by fewer precipitation events with greater rainfall amounts per event as compared to more events with lesser
rainfall amounts per event. Second, plant species diversity increases. Thus, these findings suggest that the prairie can exhibit rapid changes to its
biodiversity even though the climate rainfall totals do not show long-term trends. In Figure 4.14, the inter-seasonal precipitation during the 
critical April-June time frame reveals that most of the Northern Plains can experience up to 70% variation between the highest 20th and lowest
20th percentiles.  

  

Figure 4.14. April through June precipitation variability for the U.S. based on 1932-2002 means  

4.7 Precipitable Water 

Table 4.E. Average precipitation effectiveness for plants 
Total Amount of Precipitation in Any Month Monthly Precipitation Considered Effective Accumulated Total

Part of each inch increment
Inches  Percent Inches  
1  95 0.95  
2  90 1.85  
3  82 2.67  
4  65 3.32  
5  45 3.77  
6  25 4.02  
over 6  5 -----  
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If the total amount of water vapor in the atmosphere were concentrated into a layer of liquid, this amount would be referred to as precipitable
water (h). The importance of knowing what the h is relates to forecasting thunderstorms and making first-order predictions of the opacity of the 
atmosphere. Generally, for thunderstorms to occur at Riverton, the supply of moisture in the atmosphere should be at least 0.6 inch (15 mm).
Given a conditionally unstable atmosphere, isolated thunderstorms with measurable precipitation could occur and, with 0.80 inch or greater h, 
scattered thunderstorms that could generate over 0.25 inch of precipitation are possible. Figure 4.15 shows the range of values for h from 1948-
2000 for the atmosphere up to 300 mb. Many other factors come into play, to list a few: stability of the atmosphere, vertical wind profile,
temperature, moisture advection, and the level where the most moisture is present (around central Wyoming, ideally moisture between the 700
mb and 500 mb layer or 10,000 feet to 18,500 feet helps to produce thunderstorms). Although a warm atmosphere can hold more water than a
cold atmosphere, so an unstable profile with a surface temperature of 60°F and an h of 0.50 inch will result in more condensation, clouds and 
potential for thunderstorms and rainfall, than one with a surface temperature of 90°F and the same precipitable water value.45  

  

Figure 4.15. Precipitable Water from Lander/Riverton Rawinsondes (1948-2000).45a 
 

Opacity (atmospheric attenuation) on the other hand impacts the propagation of millimeter-wavelengths. Since accurate measurements of h are 
limited to rawinsondes and remote atmospheric sounders, a method for estimating precipitable water at the surface is very useful and has been
derived (Butler, 1998).46  

The approximate value of h is:  

h ∼ Po (3To)-1, where 
 

h is in mm, Po is the water vapor partial pressure at the surface in μbar, and To is the surface temperature in ° Kelvin. 
 

The h has been derived at Wyoming's first order weather stations based on hourly observations from 1961-1990. On average, precipitable water 
over Wyoming is quite low, especially during the cooler half of the year. The maximum values occur in summer at double or triple the winter
values (Figure 4.16 (Casper), Figure 4.17 (Cheyenne), Figure 4.18 (Lander), and Figure 4.19 (Sheridan)). Diurnal variation in winter is about
20% while in summer is practically zero (not shown).  

A new method for determining water vapor is discussed in Chapter 1.3 using GPS signal slant path delays due to variable atmospheric
opaqueness.47 Because water vapor is so critical in forecasting weather and modeling climate, this technology is hoped to provide valuable data 
for in the future.  
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Figure 4.16. Casper precipitable water frequency based on hourly reports (1961-90)  

  

Figure 4.17. Same as Figure 4.16 except for Cheyenne 
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Figure 4.18. Same as Figure 4.16 except for Lander  

  

Figure 4.19. Same as Figure 4.16 except for Sheridan  

4.8 Precipitation vs. Elevation 
Through the use of products such as PRISM, Geographical Information Systems (GIS) software now allows for numerous analyses that could not
be performed in earlier days. One such effort involves quantifying the percent of precipitation as a function of elevation. Because of PRISM's
high spatial resolution based on actual and modeled data, each grid point can be compared directly without the need for interpolation. In Figure
4.20, precipitation is clearly shown as function of elevation. Note that elevations below 7,000 feet contribute less precipitation than at higher
elevations. For example, between 6,000 and 7,000 feet, there is nearly 7% less precipitation than land at that elevation. This is significant
because the mountains serve as this state's natural reservoir and are the only locations where precipitation exceeds evaporation. If more
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precipitation were to fall at lower elevations, the state would still be arid, since the net difference between evaporation and precipitation exceeds
25 inches each year on average.  

 

Figure 4.20. Wyoming precipitation as a function of elevation based on 1961-90 PRISM data 

4.9 Precipitation as a Function of Wind Direction 
As was noted earlier in this chapter, precipitation when it occurs, generally results in light hourly rates. As shown in figure 4.21, for the period of
1961-1990, Casper, Cheyenne, Lander, and Sheridan have precipitation events mostly occur from the northeast (Casper) to the northwest 
(Sheridan).  
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Figure 4.21. Annual precipitation rose for Casper, Cheyenne, Lander, and Sheridan (1961-1990) 

In figure 4.22, annual precipitation events as a function of wind direction is shown. Note Casper's 1972-3 precipitation anomaly with north-
northeast winds and Sheridan's dominant west-northwest to northwest precipitation frequencies. 
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Figure 4.22. Annual precipitation as a function of wind direction for Casper, Cheyenne, Lander, and Sheridan (1961-1990)  

4.10 Snow-Water Equivalent 
When comparing Figure 4.1 (annual precipitation) to Figure 5.3 (annual snowfall), one can approximate the snow-water equivalency of Figure 
5.3. Figure 4.23 (measured in cm) shows this estimate. It is interesting to note that mountain snows account for between 40 and 70 percent of the
annual precipitation that falls but that over lower basins, snowfall accounts for less than 40 percent of this total.  
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Figure 4.23. Estimated SWE during the snow accumulation season in Wyoming47a 
 

29. Precipitation is the combined totals of rainfall, melted frozen ice and snowfall (water-equivalent) 
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Snow 
5.1 General Description 
Snow falls frequently from November through May and, at lower elevations is light to moderate. About five times a year, on average, 
stations at lower elevations will have snowfall events exceeding five inches (Figure 5.1). This quantity of snow usually requires some 
roadside removal. Snowfalls of 10 to 15 inches or more from a single storm occur but are infrequent outside of the mountains. Wind will 
frequently accompany or follow a snowstorm and pile the snow into drifts several feet deep. The snow sometimes drifts so much that it is 
difficult to obtain an accurate measurement of snowfall. An unusually heavy snow occurred at Sheridan on the 3rd and 4th of April in 
1955.47a During this period the snowfall amounted to 39 inches, had a water equivalent of 4.3 inches and blizzard conditions lasted more 
than 43 hours. Blizzard conditions consist of high winds in excess of 35 mph, low temperatures below 20°F, blowing snow with a visibility 
of less than 1/4 mile, and lasting for a minimum of three hours. In the 1980s there were at least 9 statewide blizzards in Wyoming, in the 
1990s there were at least 25. Figure 5.2 depicts the greatest 24-hour snowfall from 1961-1990.  

Total mean annual snowfall varies considerably (Figure 5.3). At the lower elevations in the east, the range is from 60 to 70 inches. Over the 
drier southwest region of the state, amounts vary from 45 to 55 inches. Snow is very light in the Bighorn Basin with annual averages from 15 
to 20 inches over the lower portion and 30 to 40 inches on the sides of the basin where elevations range from 5,000 to 6,000 feet. The 
mountains receive a great deal more at higher elevations annual amounts are well over 200 inches. At Beckler River Ranger Station in the 
southwest corner of Yellowstone Park, the snowfall averaged 262 inches over a 20-year period. Snowy days (snowfall equal to at least one 
inch) more than doubles as one moves from the eastern plains to the western mountains (Figure 5.4).  

  

Figure 5.1. Wyoming average annual snowfall days of at least five inches (PRISM, 1961-90) 

Page 1 of 12Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/snow.html



  

Figure 5.2. Wyoming annual maximum 24-hour snowfall amounts (PRISM, 1961-90)  

  

Figure 5.3. Wyoming mean annual snowfall (PRISM, 1961-90) 
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Figure 5.4. Wyoming average annual number of days with snowfall totals of at least one inch (PRISM, 1961-90)  

The weather pattern most favorable for precipitation is one with a low-pressure center slightly to the south of the state. Normally, this will 
provide a condition where relatively cool air at the surface is overrun by warmer moist air. Studies of wind flow patterns indicate that 
Wyoming is covered most of the time by air from the Pacific. A smaller percentage of time the state is covered by cold air masses that move 
down from Canada.  

5.2 Snow-to-Water Ratio, The 10:1 Rule? 48
 

The measurement of snowfall is difficult at best, and without adhering to strict measurement guidelines, errors can quickly accumulate. 
Snowfall measurements are easily impacted by wind, which causes drifting and scouring of the snowfall on measuring snowboards. 
Temperatures near or above freezing will also impact the measurement of snowfall resulting in some melting of the snow.  

The type of snow itself, including the degree of crystallization and the observational interval used for measuring the snow will have a great 
impact on the snowfall measurement. The more frequent the snowfall measurement, the less time there is for settling to take place. Likewise, 
settling rates also depend on snowflake type with larger flakes (aggregates) settling much more over time than smaller flakes (single crystals 
or broken and irregular flakes).49  

Using Cheyenne's and Lander's long term climate records of snow to water equivalent (SWE) ratios reveal that the highest ratios occur when 
the total daily precipitation amounts are the least. When 0.01 inch of precipitation is reported, the average SWE ratio is close to 20:1 in 
Cheyenne and 30:1 in Lander. One would expect that colder days yield lesser amounts of moisture, so fluffy powdery snows would be 
expected. A correlation approximating r2 = 0.8 using a power curve fit helps to illustrate this exceptionally well (Figure 5.5).  
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Figure 5.5. Cheyenne (1915-2000) and Lander (1948-2001) daily average snow to water ratio based on average daily water equivalent  

Because hourly snow measurements are not taken as a rule, snow can fall throughout the period between observations while the temperature 
varies. So, another approach is considered when determining these ratios. In Figure 5.5, the snow-to-water ratios were taken with respect to 
the same daily water equivalent amounts. In Cheyenne between 1915 and 2000, there were 416 events in which 0.01 inch of daily total water 
equivalent occurred. The same averaging was performed for the other daily totals. The minimum, average, and maximum daily temperatures 
were then averaged for this particular daily total (Figure 5.6). As would be expected, the minimum temperatures yield the highest correlation. 
Correlations were even higher for Lander (Figure 5.7), since wind speeds are considerably less than what Cheyenne experiences.  

  

Figure 5.6. Cheyenne snow-to-water equivalent as a function of total water equivalent (1915-2000). Correlations improve using daily 
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minimum temperatures. Ratios of 10:1 were not computed as discussed below.  

  

Figure 5.7. Lander snow-to-water equivalent as a function of total water equivalent (1948-2001). Correlations improve using daily minimum 
temperatures.  

A good rule of thumb for determining snowfall is to melt whatever snow has accumulated and multiple by 10. For Cheyenne with a 9.9:1 
ratio, minimum daily temperatures averaged 22.3°F while the maximum daily temperature averaged 39.3°F. For Lander the values were 
28.9°F and 37.0°F respectively. In Wyoming, where winds often either blow snow away or accumulate it in drifts, sometimes the 10:1 rule 
has been applied as a matter of convenience or estimation. However, the problem in using this approach is that average conditions are seldom 
observed. As noted in Figure 5.6 and Figure 5.7, temperatures vary considerably during the day. When comparing minimum temperatures to 
maximum temperatures on the same day that 10:1 ratios are reported, the amount of scatter is considerable (Figure 5.8). It can be safely 
assumed that when the maximum temperature exceeded 70°F (on two occasions), that the snow actually fell when the minimum temperature 
was in the low to mid 30s. However, when the maximum temperature failed to reach 20°F it is more difficult to explain why the snow-to-
water ratios were not higher.  
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Figure 5.8. Cheyenne maximum and minimum temperatures during days when snow-to-water ratios were reported as 10:1. A total of 895 
events were reported in 86 years.  

Considering whether this apparent problem has been systematic or not, the number of days per year in which the 10:1 ratio was reported is 
shown in Figure 5.9. The linear trend is increasing although there is a large annual variability. Snow measurement became more problematic 
with the introduction of the Automated Surface Observing System (ASOS) in 1996.  
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Figure 5.9. Cheyenne reported 10:1 snow-to-water ratios by year (1915-2000)  

As noted in Figure 5.9.0., SWE is a function of altitude. Since measured snow "values" are greatly degraded due to high winds, the lower 
graph reflects an applied correction factor that is more in line with measurements that would be made if snow fell with no wind.  

  

Figure 5.9.0. SWE during the snow accumulation season in Wyoming (actual measured-top, and adjusted-bottom)49a
 

5.3 Using SNOTEL Data to Estimate Snow Loads 
Snow survey data can be used to help determine the weight that the snowpack exerts on the ground at the site in that area or elevation zone. 
To determine the snow load, one needs to know how much the snowpack weighs. The weight of the snow varies with the water content of the 
snowpack. The SWE or water content of the snowpack is the amount of water in the snowpack measured in inches if you were to melt the 
snowpack.  

One could isolate a column of snow, melt it, and then weigh it to determine the weight over that area. However, this is very difficult 
especially if the snowpack is five feet deep and much more difficult if the snowpack is 10-15 feet deep. An easier method to determine snow 
loads (if you have a set of snow measuring tubes) is by measuring the snow-water content and using the following formula. If you are 
concerned about the snow load in your area many of the Natural Resources Conservation Service Field Offices located in most counties have 
snow tubes and can assist you in determining the current snow load information.  

(1 US gallon) * (1 ft3) * (62.418 lbs) * (1 ft) * SWE (inches) = Snow Load (lbs/ft2) 
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(0.1337 ft3) (7.48 gallons) (1 ft3 of water) (12 inches)  

Or just remember the conversion factor of "5.2" (or rounded to 5) to multiply the SWE value to estimate the snow load. SWE (inches) * 5.2 = 
Snow Load (lbs/ft2). The average weight of water at 32° F is 62.418 pound per cubic foot.  

Snow-water equivalent amounts can be quickly obtained using the Natural Resources Conservation Service's SNOTEL50 (SNOw 
TELemetry,Figure 2.4) stations. There are 88 automated snow measuring sites in Wyoming. These SNOTEL stations transmit daily snow-to-
water equivalent, precipitation, and temperature data on a daily or more frequent basis. Some sites also transmit depth of snow at the site.
Table 5.A. illustrates the ground snow loads for selected snow measuring stations. The average SWE for the selected dates are shown for 
reference.  

The snow load calculated in Table 5.A. is for ground snow loads and will provide an indication of the roof snow load. Roof snow loads can 
vary depending on melting and re-freezing of snow and ice, roof slope, type of roof, aspect, drifting, etc. Building codes vary depending
upon the elevation zone and the amount of snow and precipitation that falls.  

Individuals can contact their local city or county agencies for specific building codes in their area and the codes that were in effect when the 
structure was built. Additional rain or snow can quickly increase the snow load because a snowpack can absorb rain until its density is about 
45%. Typically, the snowpack is about 25-30% dense in January and 40-45% dense in April. The snowpack will start melting when the 
density is about 45%. New snowfall has an average density of 10% (i.e., 10 inches of new snowfall = 1 inch of liquid). 
 
The density of newly fallen snow averages about 100 kg/m3 (6.2 lb/ft3). The density of the snowpack increases with time due to the 
compaction of overlying snow, and the changes that result from vapor movement within the snowpack. 
 
Drifted snow is usually denser than undisturbed snow because the particles are initially smaller and more compact. Density of newly 
deposited snow varies with weather conditions, however, and concurrent snowfall is a dominant factor. The density of a newly deposited 
layer of blowing snow can as low as 100 kg/m3 (6.2 lb/ft3) in the presence of snowfall, or as high as 300 kg/m3 (18.7 lb/ft3) in its absence. 
 
The pressure of overlying snow compacts and rearranges snow particles by plastic yielding, particle fracture, and sliding. Before the onset of 
melt, the density of drifted snow is approximated as shown in Figure 5.9a. 

  

Figure 5.9a. Density of wind-deposited snow as a function of depth, before the onset of melt50a 

5.3.1 SNOTEL Climate Normals 

SNOTEL data are extremely important to State and Federal agencies. The higher elevation snowpack determines how to manage the water 
that flows in and out of reservoirs across the state. By the middle of April, the season's snowpack normally reaches its maximum SWE. 
Because of long periods of record, knowledge of the SWE history enables water managers to best estimate whether there will be a water 

Table 5.A. Example of snow loads
Site name Elevation Date Depth SWE Average Snow Load 

(feet)     (inches) (inches) SWE  (lbs/ft2)  
Station 1  4920 1/03/03 37 11.8 2.7 61 
Station 1  4920 1/06/03 65 22.0 8.0 114 
Station 2  6090 1/01/03 114 41.4 22.1 215 
Station 3  6110 1/01/03 150 48.8 25.8 254 
Station 3  6110 1/03/03 230 97.9 63.2 500 
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surplus or deficit during the agricultural growing season. In Table 5.B., a partial listing 51 of SNOTEL sites is shown.  

Table 5.B. Wyoming snow-water equivalent measurements (1971-2000 normals), partial list  

  

For comparision between the average annual SWE changes (delta) for the current Normals (1971-2000) and the previous Normals (1961-
1990), see Table 5.C.  

There is a marked increase in SWE during the most recent Normals period, especially for a delta around +1.0 inch. Some of this might be 
attributed to a station's change in elevation or exposure. Sites in the vicinity of trees might have accumulated more snow since the trees act as 
a natural wind break and shade snow from melting in the direct sunlight. Or, perhaps there was a real increase in SWE with slightly elevated 
air temperatures, especially during the 1990s.  

One thing that should be kept in mind is that neither the 1961-1990, nor the 1971-2000 Normals should be considered "true" SNOTEL 
Normals. Most of the earlier SNOTEL sites came online in 1979, and several more came online in 1986. For these earlier sites, data were 
estimated or back-generated from co-located or nearby snow courses.51a Although these are not "true" SNOTEL Normals, very stringent 
statistical requirements were applied to any data estimated from snow course data. When using normals for any data element, the user should 
always be cautious and is advised to look into how those normals were generated.  

5.3.2 Extreme Snowfall Events 

Although Wyoming is a land-locked state, far from moisture sources such as the Pacific Ocean and Gulf of Mexico, its high terrain enables
uplift to squeeze out copious amounts of moisture from passing weather systems. In Table 5.D., impressive statewide snow events are shown. 
For a complete list of one, two, and three day record snowfall totals by county, see Atlas Appendix C.  

Table 5.C. Annual average delta SWE (new - older) Normals 
Delta SWE (in) Percent of Occurrence
<-3.0 0.8
-3.0 0.4 
-2.0 1.2
-1.0 6.7
no change 54.9
+1.0 29.5
+2.0 3.7
+3.0 1.6
>+3.0 1.6

Table 5.D. Record snow events in Wyoming 
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5.4 Snowmaking51b
 

Mountain ski resorts augment natural snow cover with man made snow, especially during meteorological droughts. 28° F is the "magic 
number" for snowmaking. When the temperatures drop below this mark, snow production is greatly enhanced. Ten inches of natural snow, 
when packed, usually adds only one inch of snow to the ski slope’s base while 10 inches of man-made snow adds seven inches of base. Man-
made snow is usually more dense and durable. Four to five times as much snow can be made when temperatures are in the low 20°s than 
when it is 28°F. Humidity is a factor as well. The lower the humidity, the better for making snow. If you add the temperature plus the 
humidity, that sum should equal less than 100 for favorable snowmaking weather. Figure 5.10 shows that even when the air temperature is 
above freezing, snow can be made so long as the wet bulb temperature remains below 32°F. Likewise, if the temperature is near the 
dewpoint, although both are a bit below freezing, the water droplets will not freeze quickly enough to create snow.  
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Figure 5.10. Snowmaking conversion table  

5.5 Snow Accumulation Season51c
 

The snow accumulation season is a period of drift growth beginning with the first blowing snow event that causes drifts to persist through 
winter, and ending when drifts reach their maximum volume. The snow accumulation season is delimited by the dates when the average air 
temperature reaches the freezing point. This is somewhat different than reported snow on ground which is difficult to use to determine when 
the date of peak water-equivalent from snow depth is reached because water-equivalent can increase while snow depth decreases due to 
densification. 
 
For locations where there are no weather stations, by knowing the location's elevation, latitude, and longitude, one can approximate the fall 
and spring dates for the beginning and end of the snow accumulation season. As determined from 76 long-term climate records in Wyoming, 
regression equations as noted in Figure 5.11 show the average dates for snow accumulation at the center of the state.  
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Figure 5.11. Snow accumulation season vary with elevation in Wyoming (at the center of the state) based on regession equations from 76 
long-term weather stations. Elevation is in meters, latitude and longitude in degrees, and date is the day of the year (Julian Date). 

47a. Historical surface weather maps can be found on the NOAA Central Library website. 
        Once you have downloaded the required plug-in, see http://docs.lib.noaa.gov/rescue/dwm/1955/19550403.djvu  
        and http://docs.lib.noaa.gov/rescue/dwm/1955/19550403.djvu 

48.   http://www.eas.slu.edu/CIPS/Research/snowliquidrat.html  

49.   http://climate.atmos.colostate.edu/snowbooklet.shtml  

49a. Courtesy of Tabler and Associates  

50.   http://www.wrds.uwyo.edu/wrds/nrcs/nrcs.html  

50a. Courtesy of Tabler and Associates: http://www.tablerassociates.com/images/NoMoreBS.pdf, pages 40-42  

51.   See Atlas Appendix B for complete listing of stations  

51a. Personal communication with Tom Perkins, Natural Resources Conservation Service.  

51b. http://www.firsttracksonline.com/snowmaking.htm  

51c. Courtesy of Tabler and Associates: http://www.tablerassociates.com/images/NoMoreBS.pdf  
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Drought 
6.1 General Description 
When Mark Twain remarked that, in the West, liquor is for drinking and water is for fighting, he wasn't very far from the truth. Water, Wyoming's most 
limited and important natural resource, contributes to our quality of life. The uses of water cover the spectrum of human activity from agriculture to 
recreation. Compacts and decrees between states limit the amount of water any state can access, store, and use. This is a particularly important issue 
since Wyoming is headwater to five significant rivers and has 10 important river drainages. When drought occurs, its immediate impact is a stark 
reminder that we live in a semiarid climate and must conserve, manage, and wisely use entitled water by all effective means that technology, law, and 
common sense allow.  

Drought is by no means unusual or unnatural. Of all the natural disasters, drought is by far the most costly to our society. It indirectly kills more people 
and animals than the combined effects of hurricanes, floods, tornadoes, blizzards, and wildfires. And, unlike other disasters that quickly come and go, 
drought's long-term unrelenting destruction has been responsible in the past for mass migrations and lost civilizations. The 1980 and 1988 droughts in
the US resulted in approximately 17,500 heat-related deaths and an economic cost of over $100 billion during the past quarter of a century.52  

Drought occurs in four stages and is defined as a function of its magnitude (dryness), duration, and regional extent. Severity, the most commonly used 
term for measuring drought, is a combination of magnitude and duration. The first stage of drought is known as a meteorological drought. The 
conditions at this stage include any precipitation shortfall of 75% of normal for three months or longer. This criterion can be misleading if all the 
precipitation falls in a very short time period resulting in floods.  

Additionally, winter precipitation is usually two to six times less than summer precipitation and these so-called seasonal droughts are normal in our 
semiarid climate. Conditions are often made worse with high temperatures, high winds, low humidity, and greater sunshine; all of these factors 
contribute to increased evaporation and transpiration and result in reduced soil infiltration, runoff, deep percolation, and groundwater recharge. The 
second stage is known as agricultural drought. Soil moisture is deficient to the point where plants are stressed and biomass (yield) is reduced. The third 
stage is the hydrological drought. Reduced streamflow (inflow) to reservoirs and lakes is the most obvious sign that a serious drought is in progress. 
The fourth stage is the socioeconomic drought. This final stage refers to the situation that occurs when physical water shortage begins to affect people.  

As these stages evolve over time, the impacts to the economy, society, and environment converge into an emergency situation. Without reservoir water 
to irrigate farms, food supplies are in jeopardy. Without spring rains for the prairie grasslands, open range grazing is compromised. Without 
groundwater for municipalities, the hardships to communities result in increases in mental and physical stress as well as conflicts over the use of 
whatever limited water is available. Without water, wetlands disappear. The quality of any remaining water decreases due to its higher salinity 
concentration. There is also an increased risk of fires, and air quality degrades as a result of increased soil erosion in strong winds (blowing dust).  

6.2 Drought History in Wyoming 
The most recent statewide drought that began in earnest in the spring of 2000 over Wyoming is considered by many to be the most severe in collective 
memory. However, some old timers have indicated that they remember streams drying up in the 1930s and 1950s. According to instrument records, 
since 1895 there have been only seven multi-year (three years or longer) statewide droughts (Figure 6.0). Based on deficit precipitation totals (negative 
departures from the long term average), they are ranked statewide (Table 6.A.) and by climate divisions (Table 6.B.).  
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Figure 6.0. Wyoming Palmer Hydrological Drought Index (1900-2004) showing the seven worst multi-year droughts in terms of this standard measure. 
Note that the 6th worst drought appears worst than the state's 5th worst drought when using this index.  

Table 6.A. Wyoming recent worst multi-year, statewide droughts 
Period  Drought Deficit (departure from annual precipitation) 
1952-1956  94% 
1999-200x (thru 2003)82% 
1958-1964  77% 
1900-1903  72% 
1931-1936  61% 
1987-1990  61% 
1974-1977  41% 

Table 6.B. Wyoming climate divisions recent worst droughts as a % of annual average precipitation deficit
Greatest Total Deficit
(per drought)  

Greatest Average Annual Deficit 
 
(per year of drought) 

Climate Division  

1931-1936 116%  1998-200x 23% (thru 2003) CD1: Yellowstone 
1987-1992 106%  1958-1962 21% CD2: Snake/Salt 
1900-1903 120%  1988-1990 34% CD3: Bear/Green 
1948-1956 211%  1933-1936 25% CD4: Big Horn 
1959-1961 79%  1959-1961 26% CD5: Powder-Tongue  
1930-1940 180%  1952-1954 21% CD6: Belle Fourche 
1958-1961 96%  1958-1961 24% CD7: Cheyenne 
1974-1980 110%  1952-1954 22% CD8: Lower N. Platte  
1979-1990 229%  1999-2002 32% CD9: Wind River 
1952-1956 114%  1952-1956 23% CD10: Upper N. Platte 

Table 6.C. Percent of consecutive months (CM) with below normal monthly
 

precipitation for Wyoming's climate divisions (1895-2001) 
CM   CD1   CD2   CD3   CD4   CD5   CD6   CD7   CD8  CD9  CD10  ALL   
3  31  39  33 44 33 35 44 45 36 39 42 
4  27  29  34 22 32 25 28 15 22 21 28 
5  13  7  7 13 10 17 11 12 16 13 11 
6  15  11  6 8 9 10 7 7 6 14 7 
7  6  7  6 6 3 5 4 4 7 7 4 
8  4  4  2 1 2 2 4 12 3 2 1 
9  1  1  4 2 5 1 1 1 3 1 4 
10     1  5 2 3 2 1 3 3 1 2 
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This does not mean that droughts cannot occur in isolation from other river basins. In fact, Wyoming averages severe or extreme drought conditions 
10% in the eastern plains to more than 20% of the time over the southwest regions of the state.  

These percentages are nearly doubled if all drought levels are considered (mild to exceptional). The frequency of consecutive monthly (CM) 
precipitation deficit totals based on 1895-2001 monthly averages for each climate division are shown in Table 6.C. Between 31% to 45% of the time, a 
meteorological drought is occurring within a climate division and generally between 80-90% of these events last no longer than six months, although 
below normal precipitation has been known to last up to 16 straight months. All climate divisions having a monthly precipitation deficit at the same 
time occur about 17% of the time during any dry or wet season. While entire years have precipitation deficits, it is rare that every month during that 
year has below normal precipitation. Widespread droughts in Wyoming, as determined from streamflow records, were most notable during three 
periods: 1929-1942, 1948-1962, and 1976-1982.53 In Tables 6D through 6G53-1, hydrological conditions using annual stream flow as proxy data for 
some of the major river basins during the past 30 years in Wyoming reveals that wet and dry years usually, but not always, occur simultaneously across 
nearby and adjacent drainages. Notes that in the later half of 1990s, generally wet conditions prevailed across much of Wyoming.  

  

11        1 2     2  1 
12  2     1   2   1 1  
13              1    
14        1         
15                  
16           1       
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6.2.1 Tree-Ring Record53a 
 

This section, written by Stephen T. Gray54, explores the long-term perspectives on Wyoming drought based on the tree-ring record. 
 

Numerous studies from throughout the world demonstrate that instrumental weather records are insufficient for capturing the full range of climate that 
the people in any region should expect and plan for. This is particularly true for understanding extreme events like droughts. The length of these 
instrumental records rarely exceeds 100 years and, therefore, provides only a small sample of single- and multi-year drought events. Furthermore, 
instrumental records cannot effectively be used to examine long-term (> 50-year) trends and cycles that may underlie year-to-year precipitation 
variability.  

Most trees in the western U.S. produce a single layer of growth called a "tree-ring" for each year of their lives. During years of favorable climate, trees 
will produce wide rings compared to the narrower rings formed in years of unfavorable climate.  

Tree-rings, therefore, provide a means for developing long-duration climate records that can overcome most of the limitations inherent to instrumental
observations. Tree-rings yield continuous, exactly-dated proxies of climate that are highly replicated. When properly analyzed, tree-rings provide 
records of seasonal to annual climate, and can be used to assess climate variability on time scales of decades to millennia.  
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By sampling trees growing on dry sites such as rock outcrops, scientists can relate tree-ring size to precipitation variability. When working with live 
trees, the wood that scientists need to analyze tree-ring patterns is usually obtained with an instrument known as an increment borer. The increment 
borer is, essentially, a hollow drill bit that provides a long cylinder of wood from the interior of a tree with little or no damage to the sampled tree. 
Scientists can also use tree-rings found in dead wood to extend the length of their records.  

A technique known as "crossdating" uses patterns of large and small tree-rings to date wood of an unknown age against tree-ring records from living 
trees. Crossdating also allows scientists to confirm that the correct date was assigned to each tree-ring within their records.  

While, over the past 40 years, tree-rings have commonly been used to reconstruct the climate of the southwestern United States, the systematic use of 
these dendrochronological (literally the "science of tree time") techniques to understand Wyoming's climate is relatively new. One recent study from 
the Bighorn Basin shows the promise of such methods for understanding drought in Wyoming. In this study, wood samples were collected from 95 
Douglas-fir, ponderosa pine, and limber pine trees at five sites in the Bighorn, Pryor, and Absaroka mountains (Figure 6.1). Samples from these trees 
were used to develop a record of annual precipitation spanning 1260-1998 A.D. Results from this study show that single-year dry events before the 
instrumental period (1895-Present) tended to be more severe than those after 1900 (Figure 6.2). In general, multi-year dry events were longer and more 
severe prior to 1900. Dry events in the late-13th to mid-18th centuries surpass both the magnitude and duration of any droughts seen in the Bighorn 
Basin after 1900. The 14th, 15th, and 16th centuries are also notable for large numbers of droughts having greater magnitude and duration than any 
events in the instrumental period.  

Trees from the foothills of the northern Uinta Mountains and the southern Salt Range provide insights on drought variability in southwestern Wyoming. 
Figure 6.3 shows reconstructed Palmer Drought Severity Index (PDSI) values for the Green River Basin region (Figure 6.1) from 1250-2000 A.D. High 
PDSI values indicate wet conditions while negative values represent droughts. Estimates for PDSI values prior to the instrumental period (1895-
Present) were derived from the measurement of limber pine and pinyon pine tree-rings at four sites surrounding the basin. Samples from 102 trees (both 
living and dead) are included in the reconstruction.  

While the 20th Century dry-events recorded in these trees were quite severe, several droughts prior to instrumental period (e.g., 1576-1590, 1620-1637, 
and 1773-1786) likely equaled or exceeded their duration.  

A number of pre-instrumental droughts, particularly those in the 1500s through mid 1600s, were of greater magnitude or severity than any dry events
after the early 1900s. The late-13th Century is particularly notable for the occurrence of a severe, 50-year drought.  

These and other tree-ring studies from throughout the region suggest that severe, long-duration (>10 year) droughts are a common feature of 
Wyoming's climate and the climate of the Rocky Mountain West at large. While the droughts of the 1930s and 1950s were extreme events in terms of 
their social and economic impacts on Wyoming, the tree-ring record shows that the climate system is capable of producing longer and stronger
droughts. Moreover, in some areas (i.e., southwest Wyoming) portions of the 20th century were marked by wetter than average conditions.  

This means that predictions of future water availability based on stream gauge and instrumental weather observations during these years may be biased 
by abnormally high precipitation.  

Overall, long dry-spells are a normal part of life in Wyoming. This knowledge should, in turn, affect how we plan for Wyoming's economic and
agricultural development. We must also incorporate this fact into our management of natural resources and include severe, sustained droughts in our 
plans for timber production, wildland, and prescribed fires, non-native plant invasions, and water resources. Planning efforts should consider a wide 
range of climate scenarios, including droughts of different lengths, magnitudes, and intensities. Such scenarios may be derived from long-term proxies 
of climate variability such as those provided by tree-rings, but might also be obtained from model simulations of past and future climates. In any case, 
we must consider severe, sustained droughts to be an inevitable part of Wyoming's future.55, 56  

  

Figure 6.1. Map of Wyoming with tree-ring sites used in the Bighorn Basin (circles) and Green River Basin (squares) climate reconstructions 
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Figure 6.2. Reconstructed annual precipitation (in centimeters) for the Bighorn Basin region. Annual values are shown in gray. The 10-year running 
average of precipitation is plotted against the long-term mean (yellow line) with multi-year droughts shown in red.  

  

Figure 6.3. Reconstructed (June) Palmer Drought Severity Index (PDSI) values for the Green River Basin region. The 10-year running average of 
PDSI is plotted against the long term-mean (yellow line) with multi-year droughts shown in red.  

6.2.2 Instrumentation Record 

As a whole, Wyoming's precipitation record from 1895-2003 reveals that, for the first half of the 20th century (except for the Dust Bowl years of the 
1930s), there was generally a surplus of moisture. During the second half of the century there was an increasing trend of increased periods of drought 
(Figure 6.4 and Figure 6.5).  
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Figure 6.4. Wyoming net annual precipitation accumulation based on the 1895-2004 annual statewide average of 13.06 inches  

  

Figure 6.5. Wyoming Annual Precipitation (1895-2004)  
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6.3 Precipitation Characteristics 
Here are a few important traits of precipitation:  

1) Unlike all of the other weather parameters, precipitation comes in episodes. Depending on where you are in Wyoming, precipitation falls about one 
in four or five days, and during a day with precipitation, it falls between 16-21% of the time. What does fall is usually very light (about 90% of the 
time, only 0.01 inch is recorded per hour) Table 4.B. shows the frequency of hourly precipitation amounts when precipitation occurs (1949-2001). 
More than half of the total days with precipitation occur with amounts not exceeding 0.05 inch (0.07 inch in Lander).  

2) At any given point, annual precipitation totals can vary from about 57% of the long-term average in a very dry year to 55% above the average in a 
very wet year. In shorter intervals, the variability is even greater. Monthly the average variations range from nearly 10% of normal during a dry month 
to over four times the normal during wet ones.  

3) The fraction of annual precipitation that falls as snow varies greatly across Wyoming. It ranges from less than 30% over lower elevation basins to 
more than 80% at high elevations in Wyoming's Wind River and Teton Mountains. This has a major bearing on our water balance and helps to 
determine how much moisture evaporates, soaks into the ground, or runs off to become streamflow and reservoir supply.  

6.4 Drought Measurement57
 

There are several methods for determining drought. One of the most popular is known as the Palmer Drought Index58: 
 

The Palmer Index was developed by Wayne Palmer in the 1960s and uses temperature and rainfall information in a formula to determine dryness. It has 
become the semi-official drought index. However, in the west much of the surface water is derived from mountain snowpack (i.e., the snow-water 
equivalent (SWE) as measured at a number of SNOTEL sites).  

Another popular index used to determine drought is the Standardized Precipitation Index. 59 This index measures the precipitation departure using the 
1971-2000 average monthly totals.  

Another index used to measure drought involves soil moisture. This is a highly complex element that is difficult to accurately determine because there 
are few weather stations that directly measure surface and subsurface moisture and because precipitation and soil type are highly variable over a given 
region.  

Additionally, accuracy of direct measurement deteriorates when the soil temperature is below freezing. However, remote sensing from satellites can 
indicate the health of vegetation 59a by measures of greenness which can be used to indirectly determine soil moisture.  

Streamflow is a good measure of how effective the snowpack is at filling reservoirs and lakes within the state. If the ground is very dry, a healthy 
snowpack, when it melts, will first be absorbed by the ground. Once the ground is recharged with adequate moisture, the remaining melt will flow to 
the basins and valleys through rivers and manmade diversions. Eventually reservoirs will fill. Rapid spring melt can help temporarily refill reservoirs 
but soil recharge is held to a minimum. A hydrological drought will probably still persist in the long term under this scenario.  

The final ingredients for determining drought are past accumulation and the amount of precipitation forecasted. In Wyoming, the April and May 
precipitation is critical for adequate prairie grassland growth. If the rains are late, the summer heat will reduce or completely eliminate any yield. Since 
rangeland is not normally irrigated, the short-term, spring weather forecast must be accurate to ensure the most effective management of these lands. 
Farmers who depend on irrigation will know if drought can be expected if the 1 April snowpack is below normal and if the reservoirs are below 80% of 
their long term average levels. Percent of capacity of reservoirs is not a good standard to use because every reservoir's water level varies widely from 
one another throughout the year due to different management practices and environmental conditions. For example, water quality and endangered 
species protection require managers to maintain minimum downstream outflow. There are also large inactive conservation reserves and dead water 
allocations in reservoirs that are part of total capacity but cannot be used in any way.  

So, the question as to how one makes use of all this information to determine the beginning, intensity, and end of a drought has been answered to some 
degree by the development of a drought trigger nomogram (Figure 6.6).  

The methodology used for this colorful chart starts by looking at the 1 October reservoir levels (the start of the water year). If levels are less than 80% 
of normal, a drought alert is issued. Next, the 1 April reservoir levels are determined and compared with existing SWE and forecasted spring and 
summer streamflow and/or spring and summer precipitation forecast. If, for example, the reservoir level is 70%, the SWE is 90%, and the precipitation 
forecast and/or streamflow forecast is 80% of normal, then the reservoir drought index is considered "yellow", which means that there is a mild 
drought. Since streams tend to thaw after 1 April, stream gauge accuracy improves, and the next step is to use the upper left hand template (average 
weekly streamflow). If, as in this example, the weekly streamflow is at the less than 10 percentile level, then the drought index is considered "orange", 
or at a moderate drought level for agricultural and recreational interests. However, since drought is also determined by soil moisture, the template on 
the lower right circle can also be used. Let's say that the soil moisture is mildly dry (see rangeland table on Figure 6.6), "yellow", but the April 
precipitation forecast (using the same rings as the April-September precipitation forecast) is for less than 60% of normal. Then, the rangeland index is 
determined to be "red", or severe, for ranching interests. Note that, independent of the April 1 soil moisture conditions, average precipitation during the 
60 days following 1 April will probably result in normal or near normal grass yields. 
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Figure 6.6. Wyoming drought triggers nomogram (higher resolution)  

Now, with this methodology, one would need to increase the values of the rings within each circle by 10 percent for each drought year as determined 
by the greater than one year drought modifications table in Figure 6.6. Additional adjustments for much above or below average summer temperatures 
should be made as well. The SWSI in the table refers to the Surface Water Supply Index60 which is produced between January and May using reservoir 
and streamflow data. No annual adjustment is required for the SWE or April-September streamflow forecast for rangeland forecasted conditions.  

6.5 Cloud Seeding61 61a
 

Discussion about drought would not be complete without some mention about the merits of cloud seeding to artificially enhance precipitation. Based on 
the collective evidence from the various studies and operational projects, capability statements have been published by the Weather Modification 
Association, the American Meteorological Society, and the World Meteorological Organization. For precipitation augmentation, the accepted 
magnitude of increase to be expected from well-designed and properly conducted projects ranges from 5 percent to 20 percent for winter precipitation 
in continental regions.62 However, there are some physical considerations that may make the application of cloud seeding less than beneficial during 
periods of drought. In order for static cloud seeding to be effective, that is seeding in winter from fixed locations, the atmosphere must have adequate 
moisture (clouds) and prevailing upslope winds. These conditions occur less often in drought, thus making any enhancement of precipitation less likely. 
Additionally, science demands that any claims of the effectiveness of cloud seeding be verifiable, repeatable, and based on known physics. Since cloud 
seeding occurs in an open, uncontrolled environment, unexplained and unmeasured external factors probably skew any results and making future trials 
impossible to duplicate.  

In a news release by CNN on November 12, 2003, the National Research Council, an arm of the National Academy of Sciences, said: "...while clouds 
across the globe have been seeded for 60 years to increase rainfall and reduce hail, there is no convincing evidence it works". Even if the claims of 5% 
to 20% total increase are true, the cost-to-benefit ratio may still be too high for most local and regional governments to afford.  

6.6 Prescribed Burning62a
 

During drought, one attempt to mitigate the frequency and intensity of wild fires is to conduct a pre-emptive strike by conducing prescribed burns. The 
following is provided by permission from Dr. Higgins, et al.  

There is probably no element of a prescription burn more important than weather. Wright and Bailey (1980) contend that the secret to all prescribed 
burning is to let the weather work for you. 

Weather is the main controlling agent of fire behavior, smoke behavior, fuel condition and flammability, and fire containment; all of these affect the 
success and safety of the burn.  

Important weather variables 

The weather variables most applicable to prescription burns are air temperature, relative humidity, wind direction, wind speed, precipitation, and air 
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mass stability (Sando 1969). Because most of the NGP has low topographic relief, general weather patterns are usually not affected by topographic 
features.  

A combination of wind speed, relative humidity, temperature, and solar insulation largely determines fuel condition which, in turn, affects fire 
behavior.  

Seasonal wind direction is important when burning near areas having restrictions or smoke regulations. Daily and seasonal precipitation patterns often 
determine when burns can be conducted, whereas days since measurable precipitation (greater than 1 mm, or 0.01 in) determine the severity of the fire 
or completeness of a burn in terms of fuel consumption.  

Temperature 

Air temperatures higher than 20 degrees C (68 F) are recommended when prescriptions call for total fuel consumption. These include initial 
reclamation burns or burning to reduce undesirable plant species and medium to heavy coarse fuels like brush or trees.  

Hot (high intensity) fires also produce higher risks than cool (low intensity) fires, thus requiring more emphasis on control measures.  

Day length in the NGP varies from 8 hr in December to 16 hr in June. Hottest parts of a day during the main burning season (March-November) 
generally occur between 1100 and 1600 hr. Temperatures generally drop after 1600 hr and are usually coolest within 2 hr of daybreak.  

Fire behavior and fuel conditions are most unpredictable when temperatures are rising during morning hours. This should be considered in any burn 
action plan. Temperatures between 21 and 32 degrees C (70 to 90 F) would be optimum for complete burns in the NGP.  

Relative humidity 

Relative humidity is an expression of the actual amount of moisture in the air compared to the total amount the air is capable of holding at that 
temperature and pressure.  

A temperature rise of 11 degrees C (20 F) from sunrise to midafternoon reduces the relative humidity by about one half. A similar temperature drop in 
late afternoon or early evening can cause relative humidity to rise by twofold.  

However, when a cold front passes over an area, the temperature drop is usually accompanied by a drop in humidity. The lower humidity is a result of a 
change in air mass from warm and moist to cold and dry.  

Preferred relative humidity for prescribed burning varies from 25 to 50%. Under certain conditions, a wider range of relative humidities - as low as 
20% and as high as 80% - can produce satisfactory burns.  

When relative humidity is as low as 20%, prescribed burning is dangerous because fires are more intense and spotting is more likely. When the relative 
humidity is higher than 50%, fires may not burn an area completely or may not burn hot enough to accomplish the desired result.  

Relative humidity changes can quickly affect the moisture content and flammability of grassland fuels Increases in air temperature and solar radiation 
cause relative humidity to drop, and falling temperatures and cloudiness or darkness cause relative humidity to rise.  

Because relative humidity is so dependent on temperatures, sunlight, and precipitation, it is not a good weather variable to use for predicting fire 
behavior. Grassland fuels can be burned under certain conditions at any level of relative humidity (0 to 100%); however, we recommend that most 
prescription burns be done when relative humidity is between 20 and 80%.  

Wind 

Prescribed fires behave in a more predictable manner if some wind movement is present.  

The most desirable wind speeds for burning in the region are fairly steady winds between 8 and 29 km/h (5 and 18 mph), but specific conditions may 
tolerate higher speeds.  

Persistent winds from a constant direction before, during, and after a burn provide the safest conditions for burning. Gusty or variable winds are 
indicators of unstable atmospheric conditions. Immediate changes in wind direction can cause instant fire control and smoke management problems.  

Probable wind directions for any particular burn should be obtained just prior to burn time and from your best weather forecast source. Placement of 
firebreaks and other fire containment measures and smoke management are largely dependent on wind direction.  

Calm or low wind speed (less than 3 km/h, or 2 mph) days are not necessarily good burning days. Fire spread will be slow; the fire will take longer to 
complete and result in higher containment and labor costs; the fire will create its own wind and may change its own direction; and heat will dissipate 
more slowly, sometimes resulting in damage to non-target plant species.  

Precipitation 

Amounts of rain (or rain itself) are difficult to predict. Knowledge of the precipitation date and amount prior to a burn will be helpful in predicting fire 
behavior and intensity and will help you decide what control measures are necessary. Expect more smoke from moist than from dry fuels.  

Grasslands have been burned successfully just 9 hr after 1.2 cm (0.5 in) of rain. Cool burns are achievable when 1.2 cm or more o rain has fallen 24 to 
36 hr prior h the burn. Hotter fires usually require 5 or more dry days prior burning, but the drying time is dependent on solar radiation, air temperature, 
and wind speed. Average rainfall is highest in June as a result, vegetative growth is greatest in June and early July. Consequently, burning conditions 
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during June and early July are regulated by precipitation events more than in other months.  

Sunshine 

Although we did not record sunshine duration or solar radiation during prescribed burns, we did notice some obvious differences in flammability of 
grassland fuels on sunny, partly sunny, and 100% overcast days. Fires spread faster and could be set sooner after rain on days with full or partial 
sunshine than on heavily overcast days.  

Mobley et al (1977) reported that wide differences existed between air and fuel temperatures when fuels were exposed to sunshine and that moisture 
moved readily from the warm fuel to air, even though the relative humidity was high.  

Atmospheric stability 

Atmospheric stability is the resistance of the atmosphere to vertical motion. A prescribed fire generates vertical motion by heating the air, but the 
strength of convective activity over a fire is affected by the stability of the air mass.  

Strong convective activity will increase the drafts into the fire and can result in erratic fire behavior.  

When the atmosphere is stable, a small decrease in temperature occurs with an increase in altitude. Under stable conditions, inversions can develop in 
which temperature actually increases with height.  

Stable air tends to restrict convection-column development and produces more uniform burning conditions. However, combustion products are held in 
the lower layers of the atmosphere, especially under temperature inversions, and visibility may be reduced because of smoke accumulation. 
Temperature inversions can also be a problem at night.  

When the atmosphere is unstable, there is a large decrease in temperature with height. Once air starts to rise, it will continue to rise, and strong 
convective activity may develop over the fire. Strong indrafts will help confine a fire to its prescribed area.  

In extreme cases, the effect of air mass instability on fire behavior results in erratic spread rates and spotting. The burn no longer meets the prescription 
and might have to be extinguished.  

Forecasts of low-level stability, inversion layers, or unstable conditions can be obtained from fire-weather forecasters. Local indicators at the fire site 
should also be observed. Indicators of stability are steady winds, clouds in layers, and poor visibility due to haze and smoke hanging near the ground. 
Unstable conditions are indicated by dust devils, gusty winds, good visibility, and clouds with vertical growth.  

Weather information sources 

Three sources of weather information are available. Use at least one of these before starting prescription fires and during burning. The sources are (1) 
National Weather Service (NOAA), (2) Fire Damage Rating System (not available in all states), and (3) local observations.  

Field observations of weather should be made at or near the prescribed burn area before and during burning. Such observations serve as a check on the 
weather forecast and keep the burning crew up-to-date on any changes or effects of local influences.  

Compact belt weather kits containing a psychrometer and windspeed measuring instrument are available. With this kit, and by observing cloud 
conditions and other weather indicators, a competent observer can obtain a fairly complete picture of current weather.  

Successful grassland burning and smoke management is based largely on adequate weather knowledge. Before a fire is set, the weather forecast should 
be known for at least the next 24 hr and when possible for the next 48 hr. A weather forecast for the next 4 to 5 days might be necessary on a large fire 
with high risk or potentially bad smoke management problems.  

The National Weather Service (NOAA) is usually the best source of local weather forecasts and information, particularly for forecasts of several days 
in advance. Most states have at least one toll-free telephone number available to cooperators or agencies. Ask for a spot weather forecast. Permanently 
staffed airport terminals are another good source of daily NOAA forecasts. Some National Weather Service offices will also furnish daily fire danger 
forecasts.  

Secondary sources of weather forecasts and outlooks are the meteorologists at local television or radio stations, who should be able to provide reliable 
48-hr advance forecasts. Many local radio stations or weather radios provide an early morning daily agricultural forecast from 0600-0900 hr that gives 
relative humidity, wind, temperature, etc.  

Current weather information may be checked via two-way radio communication with an automatic or instant indoor-outdoor weather station at a local 
headquarters, or with readings from instruments from a belt weather kit.  

Although the reasons for conducting a prescribed burn can include pest control, removal of excessive undergrowth, wildlife habitat improvement, 
removal of invasive plants, etc., the most ideal weather condition for each controlled burn will be different. Figure 6.7 (Bighorn National Forest) and 
Figure 6.8 (Shoshone National Forest) identify general weather conditions (as well as other fire indices) that if exceeded, increase the risk of wild fires 
that cannot be effectively managed.  
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Figure 6.7. Bighorn National Forest fire danger criteria  
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Figure 6.8. Shoshone National Forest fire danger criteria  

52. http://lwf.ncdc.noaa.gov/oa/reports/billionz.html 

53. USGS Survey Water-Supply Paper 2375  

53-1. http://waterplan.state.wy.us/basins/7basins.html  

53a. http://www.earthinstitute.columbia.edu/flash/drought_hi_res.html  

54. Affiliation: Big Sky Institute, Montana State University, Bozeman, Montana and former Research Assistant, Department of Botany, University of 
Wyoming.  

55. Gray, S.T., C.L. Fastie, S.T. Jackson, and J.L. Betancourt. 2004. Tree-ring based reconstructions of precipitation in the Bighorn Basin, Wyoming 
since 1260 A.D. Journal of Climate (in press).  

56. Gray, S.T., J.L. Betancourt, C.L. Fastie, and S.T. Jackson. 2003. Patterns and sources of multidecadal oscillations in drought-sensitive tree-ring 
records from the central and southern Rocky Mountains. Geophysical Research Letters, 10:1029/2002GL01654.  

57. Official Wyoming Drought Website: http://www.wrds.uwyo.edu/sco/drought/drought.html  

58. http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/regional_monitoring/palmer.gif  

59. http://www.wrcc.dri.edu/spi/spi.html  

59a. http://www.orbit.nesdis.noaa.gov/smcd/emb/vci/index.html  

60. http://www.wrds.uwyo.edu/wrds/nrcs/swsimap/swsimap.html  

61. http://rams.atmos.colostate.edu/gkss.html  

61a. http://www.nap.edu/books/0309090539/html/  

62. http://www.nawcinc.com/wmfaq.html  

62a. http://www.npwrc.usgs.gov/resource/tools/burning/burning.htm 
Higgins, Kenneth F., Arnold D. Kruse and James L. Piehl. 1989. Prescribed burning guidelines in the Northern Great Plains. U.S. Fish and Wildlife 
Service, Cooperative Extension Service, South Dakota State University, U.S. Department of Agriculture EC 760. Jamestown, ND: Northern Prairie 
Wildlife Research Center Home Page.  
 

State Climate Office | Water Resources Data System 

Last Modified: Fri, 17 Oct 2008 

← Previous Chapter | Table of Contents | Next Chapter →

Page 13 of 13Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/drought.html



Severe Weather 
7.1 General Description 
Wyoming's life and property losses due to severe weather are among the lowest in the country. This is due in part to the state's very low 
population density and its geographical location. Clashes between contrasting air masses that produce severe weather are minimized in part 
because of the Rocky Mountains' ability to separate and block prevailing air flows from the Gulf of Mexico, north central North America, 
and the Pacific Ocean. As a result, Wyoming has had the fewest one billion dollar weather disasters in the US during the past two decades.63

However, severe weather's impact on transportation, agriculture, ranching, tourism, and industry is still a force to be reckoned with.  

7.1.1 Impacts 

Severe weather threatens surface transportation and impacts roadway safety (increased crash risk), mobility (increasing travel time delay, 
reducing traffic volumes and speeds, increasing speed variance), and productivity (disrupting access to road networks, and increasing road 
operating and maintenance costs). By understanding the climate of severe weather, transportation managers can incorporate three types of 
road weather management strategies: advisory, control, and treatment.64  

While drought (see chapter 6), another form of severe weather, has the greatest negative impact to the agriculture and ranching communities, 
knowing approximate timing, frequency, and intensity of all weather threats such as high winds, snow, rain, ice, flooding, tornadoes, and 
hail, can help to improve crop yield and protect livestock.  

Severe weather increases the likelihood of losses to life, property, and crops. Climate data relating to this phenomena are of special interest to 
the scientific community, natural hazard interests, and weather-sensitive industries. Scientists involved in studies to detect changing climate
need quality data on extreme weather events. The weather insurance industry is deeply concerned about climate change since the weather 
extremes of the 1990s caused $78 billion in losses and killed 4,000 in the US.  

7.2 Thunderstorms65
 

The number of stations providing quality thunderstorm data in Wyoming from the period 1901-1995, are shown in Table 7.A.  

An observation that records a thunderstorm is based on whether thunder is heard. While lightning can be seen over 100 miles away, 
especially at night, thunder is generally heard less than 10 miles from the observer. Thus, although a thunderstorm is recorded, it does not 
indicate whether any rain, hail, strong winds, or lightning is affecting the immediate area.  

Based on the statistics from 1901-1995, Wyoming's thunderstorm activity is characterized as follows:  

July has the most thunderstorms except for the extreme SW corner of the state which receives more activity in August. Annual average 
precipitation from thunderstorms ranges from 3.6 inches in the extreme northwest to 7.2 inches in the extreme southeast corner of the state. 
The frequency of thunderstorms ranges from about 30 days on its western border to about 50 days in the extreme northeast and southeast 
corners of the state. These values are 75% higher in the western regions and 55% percent higher over the eastern plains during wet summers, 

Table 7.A. Wyoming metadata for thunderstorm observations
Stations  Period of Record Cooperative Station Name
13  <10 Years Not Listed 
8  10-30 Years  Border 1963-87 

Buffalo Bill Dam 1961-75 
Double Four Ranch 1949-58, 1977-94
Gillette 1925-29, 1955-62, 1987-94 
Kirtley 1949-63 
LaGrange 1953-67 
Pinedale 1979-94 
Lake Yellowstone 1949-55, 1970-74 

3  >30 Years Dull Center 1965-93 
Ft Laramie 1949-78 
Rock Springs 1949-80

4  1st Order Stations Casper 1940-95 
Cheyenne 1901-95 
Lander 1901-95 
Sheridan 1907-95
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and from 45% lower in the western half of the state to about 63% lower over the southeast corner of the state during drought years (Figure 
7.1 and Figure 7.2). Table 7.B. shows the long term average monthly days that thunder has been recorded at Wyoming's First Order weather 
stations.  

  

Figure 7.1. Annual average thunderstorm days for Wyoming (1901-1995)  

  

Figure 7.2. Range of expected number of annual thunderstorms expressed as a percent of the long term average  

Wind gusts in thunderstorms are frequently over 49 mph. These potentially damaging winds have been recorded 679 times across Wyoming 

Table 7.B. Monthly thunderstorm days for select Wyoming stations (period of record in years) 
Station  POR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Casper  56  0  0  0.3 1.5 6.4 8.5 9.4 7.0 3.1 0.5 0.1 0  
Cheyenne 95  0  0  0.2 2.1 7.6 11.2 13.4 11.4 4.7 0.9 0.0 0  
Lander  95  0  0  0.2 1.0 3.7 6.2 7.8 6.5 2.4 0.4 0.0 0  
Sheridan  89  0  0  0.0 0.9 4.7 9.1 9.7 6.7 2.5 0.4 0.0 0  
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since the 1950s although many counties started record keeping only more recently. A breakdown by county is shown in Figure 7.3.  

  

Figure 7.3. Wyoming thunderstorm gust events by county through 2003  

Converse county reports about one thunderstorm gust event every five years while Campbell and Fremont counties report 1.7 events 
annually. Another type of gust event responsible for tremendous damages besides the non-tornadic thunderstorm wind is the dry microburst. 
Evaporating rains cool small areas beneath developing clouds and the resulting denser air surges downward at hurricane velocities (>74 
mph). Between 1996 and 2001, more than $510K worth of property loss has resulted from just three of 16 recorded events. Microbursts are 
particularly hazardous to aircraft on takeoff and landing by robbing them of lift. Doppler radar has helped warn air traffic controllers of these 
short-lived and less than 2.5 miles-wide phenomena on numerous occasions nationwide, saving untolled lives.  

7.2.1 Lightning66
 

Perhaps the one weather element that should be feared the most is lightning. It cannot be predicted where and when it will strike.  

Statistics in the US reveal that 1 in 345,000 lightning flashes results in a death and 1 in 114,000 results in an injury. Wyoming ranks 36th in 
number of lightning fatalities, 33rd in injuries, and 40th in property damage from 1959-1994. In Wyoming, hikers above the timberline should 
plan to be off exposed mountain tops and ridges by 2PM during the summer months. Rapid thunderstorm development can place even the 
most experienced climbers in jeopardy without warning. From 1994-2003, there has been six people killed, 33 injured, $692K property
damage, and $9K crop damage in Wyoming.  

Lightning strikes are routinely monitored nationwide by Global Atmospherics, Inc.(now Vaisala Inc.) with accuracies to within a 0.625 mile 
(1 kilometer) resolution. For the period of 1998-2000, the Wyoming annual lightning strike frequency is depicted in Figure 7.4. Clearly the 
eastern plains have more than three times the cloud to ground lightning strikes as does the western half of the state. Platte, Weston, Crook, 
and parts of Campbell, Niobrara, and Laramie Counties are the most active in the state. These values probably vary by 50% in a year 
depending on whether there is a drought or enhanced monsoonal flow. However, the locations of maximum and minimum strikes do not 
change much from year to year. In 1998 the state's precipitation average was well above normal, in 1999 near normal, and in 2000 was below 
normal.  
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Figure 7.4. Average annual lightning flash density for 1998-2000 over Wyoming. Each pixel represents 5 km2.(Data courtesy of Global 
Atmospherics, Inc., now Vaisala Inc.).  

Figure 7.5 depicts lightning climatology products based upon data collected from the Automated Lightning Detection System (ALDS) 
operated by the Bureau of Land Management from April 1985 through November 1997. These data provide a location and time of 
occurrence for cloud-to-ground lightning strikes.67, 68  

  

Figure 7.5. Southwest and Western Wyoming Lightning Climatology (1985-96) (note the monthly scaling differs)  

The top sequence in Figure 7.5 shows southwest Wyoming average monthly cloud-to-ground lightning strikes during the fire season (May-
Sep) for a 12-year period. Peak activity (>700 strikes/month) occurs in July over southeast Uinta and southwest Sweetwater counties and is 
followed by August and June. The bottom sequence shows extreme western Wyoming for each month of the year. Note that the northwest 
mountains experience less than one-tenth the number of strikes as compared to areas in the south during summer. In Figure 7.6, the peak of 
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the July lightning activity is shown for the entire state of Wyoming. Grid resolution for these strips is at 0.5 degree. These depictions are 
equivalent to 1/92nd the resolution of the 1998-2000 lightning frequency map in Figure 7.4.  

  

Figure 7.6. Wyoming lightning strike frequency for July (1990-2000) at 00UT (6PM MDT)  

7.2.2 Lightning Induced Fires 

Whether in a drought or wet period, Wyoming's hot and windy summers can cause rapid changes to the fire risk over grasslands or forests. In 
Figure 7.7 and Figure 7.8, a 31-year record of lightning-caused wildfires as well as the percent of lightning-induced wildfires is shown.  

  

Figure 7.7. Lightning-caused wildfires (source points) in Wyoming (1970-2000) 
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Figure 7.8. Percent of lightning-induced wildfires in Wyoming (1970-2000).  

7.3 Hail 
The top five Wyoming hailstorms are shown in Table 7.C. The hail loss-cost (Figure 7.9) contains annual loss-cost values for Wyoming for 
1948-1995. Loss-cost is an annual value used by the insurance industry to normalize the yearly values and allows for temporal comparisons
of annual losses. It is defined as the annual losses ($) divided by the annual liability ($) multiplied by 100. As noted, there is a lot of inter-
annual variation with an overall negligible trend.  

Severe hail (size 0.75 inch or larger) events occur about 29 times a year across the state with by far the greatest frequency occurring over the 
extreme southeast part of the state (Laramie County). Between 1950 and 2001 more than $13.9M in property and $1.26M in crop damage 
was reported, while nine people were injured. Smaller, less damaging hail occurs two to four times as frequently, and usually happens for a 
few minutes at the start of intense thunderstorms. In Figure 7.10 the number of severe hail events by county for various time scales is shown. 

Table 7.C. Top Five Wyoming Hailstorms   
ranking location year losses 
1  Cheyenne 1985 $43.6 million 
2  Cheyenne 1987 $36.0 million 
3  Casper 1986 $29.0 million 
4  Gillette 1993 $17.0 million 
5  Cheyenne 1979 $16.5 million 
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Figure 7.9. Normalized hail loss-cost for Wyoming (1948-95)69 
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Figure 7.10. Wyoming severe hail events by county for period of record through 2003  

7.4 Tornadoes70
 

Tornadoes, the most intense wind events on earth, have been recorded with winds in excess of 315 mph. Fortunately, Wyoming lies west of 
"tornado alley" and the frequency and intensity of tornadoes are greatly diminished in comparison. Wyoming ranks 25th in the number of 
annual tornadoes (10), 33rd in fatalities (six deaths per million people), 37th in injuries, and 36th in property damage ($34.13M) in the US 
from 1950-1994. Tornado statistics, especially prior to the 1970s, must be viewed as incomplete since many twisters must have occurred
without being witnessed. Wyoming's open rangelands experience little if any damage from these storms so many go unreported. In the 1990s, 
the internet and Doppler radar increased the public's awareness of tornadoes with the potential of more being observed and reported. 
However, the trend in annual tornadoes has decreased by one third since 1976 and appears to have coincided with a major hemispheric 
weather pattern shift, despite the increased reporting based on Doppler radar vortex (circulation) signatures.  

Annual tornado statistics show a wide degree of variation across the state. For example, 42 tornadoes were counted in 1979 while no 
tornadoes were reported in 1951 and 1970 (Figure 7.11). With respect to counties, of the 545 confirmed tornadoes recorded (1950-2003), 
Laramie County had the most with 90 while Teton County recorded only one. Although Laramie County has the largest population and, thus, 
the opportunity to see more tornadoes, the fact that extreme SE Wyoming is closest to "tornado alley" explains these higher numbers. The 
average length of a tornado in Wyoming is 3.05 miles with an average width of 79 yards. On average there are six tornado days per year. 
Based on Wyoming's size, one tornado on average would be expected to have a recurrence interval of 79,300 years at any given point within 
the state. However, many tornadoes have no recorded path length or width, are not evenly distributed across the state, and go unreported. 
Based on maximum wind speed probability the eastern third of the state can expect a tornado between 10,000 and 100,000 years, the middle 
third between 100,000 and 1,000,000 years, and the western third between 1,000,000 to longer than 10,000,000(or ten million) years.71  

Figure 7.11. Annual Wyoming tornado count with longer term trend line (dashed) and shorter term trend line (solid) (1950-2004)  

June has nearly twice the quantity of tornadoes as May and July while November through March has no reported tornadoes (Figure 7.12) 
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Figure 7.12. Wyoming monthly tornado statistics (1950-2003)  

With the heating of the day, tornadoes peak in occurrence between 3PM and 4PM. Tornadoes occurring at night are rare, although more 
probably occur but go unseen (Figure 7.13).  
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Figure 7.13. Wyoming tornado frequency by hour (1950-2004)  

Tornado intensity is measured by the Fujita (F-Scale). The weakest intensity (F0) winds (40-72 mph) occur more than half the time 
producing minimal damage. Significant tornadoes are considered to be F2 intensity winds, between 113 and 157 mph or stronger, or if a 
weaker tornado kills a person. Significant tornadoes occur in about four out of 100 tornadoes in Wyoming (Figure 7.14). The strongest 
tornado in Wyoming was an F4 with winds between 207-260 mph which occurred on 21 July 1987 in Teton County resulting in $2.5 million
in damages:  

"21 July 1987: Cut across the Teton Wilderness, 45 miles northeast of Jackson. About 15,000 acres of trees were downed. This was the 
highest (elevation) F4 tornado ever documented. The downed trees were mostly mature lodgepole pines, from 80 to 100 feet tall. The
massive blowdown stretched over 24 miles, from Box Creek Trailhead, 10 miles east-northeast of Moran Junction and was about one to two 
miles wide. The F4 rating was applied after inspection by Dr. Fujita. F4 winds may be needed to do F3 damage in air at this altitude (up to 
10,000 feet). Not all experts agree that this entire event should be called a tornado."70  

The only recent killer tornadoes occurred on 12 August 2005 when an F2 tornado hit the small community of Wright resulting in 2 fatalities, 
13 injuries, 40-50 mobile homes destroyed with a damage path up to 0.25 mile wide and in Cheyenne on 16 July 1979 (killed one person).
The Cheyenne event also resulted in 40 injuries and caused $25 million in damage and is considered the state's worst:  

"16 July 1979: Moving north in the northern part of Cheyenne housing and airport areas. Four C-130 aircraft and National Guard ground 
equipment sustained $12M damage. Municipal hangers and buildings suffered another $10M damage. Seventeen trailers and 140 houses 
were destroyed, and 325 homes were damaged. A baby was killed in a trailer."  

Table 7.D. Killer and Significant F2 or greater tornadoes in Wyoming
Date  Time    Dead   Injured   Yards   Miles   F      County 
May 18, 1907 1345  0  6  --- 15 F2 CONVERSE, 25mi E of Douglas  
Jun 24, 1920  1600  0  0  100 2 F2 LARAMIE, 3mi S of Hillsdale  
May 31, 1923    0  2  150  ---  F2  CONVERSE, 5mi W of Parkerton  
May 31, 1923 1545  1  2  300 2 F2 SHERIDAN, 5mi NE Lariat  
Jun 12, 1923     0  3  400  ---  F2  PARK, Southfork near Cody  
Jun 15, 1926  1530  0  26  70 1 F3 GOSHEN, 2mi SW of Torrington  
Jun 27, 1927  1745  0  4  --- --- F2 CAMPBELL, 20mi NE of Gillette  
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* marginal F, s23=skipped for 23 miles, FT=tree damage, F1 included because of associated death  

From 1950-2005, 97 people have been injured in tornadoes in Wyoming. The following is a list of Wyoming tornadoes causing a death or six
injuries before 1953, and three or more injuries after 1952:  

MAY 18, 1907 1:45 pm 0 dead 6 injured  

Six men were injured as a small house was destroyed on a sheep ranch in Converse County.  

MAY 31, 1923 3:45 pm 1 dead 2 injured  

A small homestead shack was destroyed near Lariat in the southeast corner of Sheridan County.  

JUN 15, 1926 3:30 pm 0 dead 26 injured  

The erratic looping path of this tornado hit one farmhouse twice, west of Torrington, Goshen County.  

JUN 25, 1942 7:00 pm 2 dead 4 injured  

Two field workers were killed in their home near Wheatland, Platte County.  

JUN 27, 1955 12:10 pm 0 dead 3 injured  

A tornado destroyed all buildings on a farm south of Wheatland, Platte County.  

JUN 26, 1959 3:00 pm 1 dead 0 injured  

A man was killed when a tornado uprooted a tree, which crushed his pickup truck in Bighorn County.  

JUL 16, 1979 3:25 pm 1 dead 40 injured  

A tornado hit 500 homes in an eight-mile-long path across the northern part of the Cheyenne.  

JUN 5, 1982 7:35 pm 0 dead 3 injured  

In Niobrara County, at Lance Creek, a barn and mobile home were destroyed.  

AUG 12, 2005 4:22 pm 2 dead 13 injured  

At about 4:22 PM,, an F2 tornado ripped apart the Cottonwood Mobile Home Park at Wright, Campbell County, Wyoming. Two people were 

Jun 29, 1928  1345  0  0  70 --- F2 CAMPBELL Gillette 
Jun 8, 1930  1630  0  1  100 20 F3 NIOBRARA, Hat Creek to SE of Lusk  
Jun 25, 1942  1900  2  4  6 -- F2 PLATTE, 4mi W of Wheatland  
Jun 12, 1944  1500  0  2  100 -- F2 CAMPBELL 
May 28, 1953 1900  0  0  400 14 F2 WESTON NW Newcastle to N of Upton  
Jun 26, 1955  2000  0  0  30 2 F3 GOSHEN, 7mi SW of Torrington  
Jun 27, 1955  1210  0  3  70 2 F3 PLATTE, 14mi NW of Chugwater  
Jun 26, 1959  1500  1  0  100 10 F1 BIG HORN, 30mi E of Greybull  
Apr 23, 1960  1930  0  1  200 s23 F2 LARAMIE, 19mi W of Cheyenne  
May 18, 1961 1930  0  0  --- 5 F2 CROOK 
Apr 12, 1967  1700  0  0  50 15 F2 GOSHEN, 4mi W of Torrington  
Jun 25, 1975  1715  0  0  400 9 F2 CROOK, 7mi ESE of Sundance  
Jul 2, 1976  1400  0  0  400 2.5 FT CARBON, 22mi E of Saratoga  
Jul 28, 1978  1830  0  0  200 1 *F2 GOSHEN, 20mi NNE of Torrington  
Jul 16, 1979  1525  1  40  80 8 *F4 LARAMIE Northern Cheyenne  
Jun 5, 1982  1825  0  1  35 7 F2 CONVERSE, 15mi SW of Douglas  
Jun 5, 1982  1920  0  3  15 1 F2 NIOBRARA, 2mi W of Hwys 85 and 270 
Jun 13, 1984  1813  0  1  30 4 F2 NIOBRARA At Lance Creek  
Jun 18, 1987  1420  0  0  50 7 F2 NATRONA, 10mi N of Casper  
Jul 21, 1987  1350  0  0  2550 24 F4 TETON, 45mi NE of Jackson  
May 6, 1988  1336  0  2  50 1.5 F2 CAMPBELL, 8mi SE of Gillette  
May 24, 1990 1555  0  0  250 8 F2 LARAMIE Meriden 
Jul 10, 2001  1530  0  0  0.3 --- F2 HOT SPRINGS, 2.5mi NW of Kirby  
Aug 12, 2005 1651  2  13  0.25 --- F2 CAMPBELL, Wright 
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killed and 13 were hospitalized as forty mobile homes were destroyed. A few frame homes were unroofed. This is only the second time in 
history that a Wyoming tornado caused as many as two fatalities. That previous tornado was on June 25th, 1942. This tornado event ends the 
longest period during the tornado season that no killer tornadoes occurred in the United States (April, May, June and July). The last killer US 
tornado occurred on 22 March 2005.  

  

Figure 7.14. Frequency of tornadoes by intensity (1950-2003) 
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Figure 7.15. Wyoming tornadoes by county (1950-2003)  

In Figure 7.15, tornado occurrence by county is shown from 1950-2003. The three highest counts occur in Laramie, Campbell, and Goshen 
counties.72 For average annual damage costs based on 1999 dollars from 1950-1999 see Figure 7.16.  
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Figure 7.16. Wyoming tornado damage (1955-1999)  

7.5 High Winds 
Most high wind events occur in the colder months and are caused by the tight pressure gradient between transiting low and high pressure 
systems. From 1993 through 2001, 268 events were recorded resulting in 1 death, 9 injuries, and $1.4M in property damage (26 events). 
These wind storms (> 50 mph) are quite common in Wyoming and often occur across several counties at the same time.  

7.6 Winter Storms 
Heavy snow, blizzards, and avalanches constitute winter storms. From 1993 through 2001, 347 events were recorded resulting in 10 deaths, 
119 injuries, and $8.5M in property damages (21 events). As with high wind events, winter storms often impact many counties across the 
state at the same time. Historic snow storms in Wyoming have been documented about 20 times between 1871-1999.73  

The weather patterns that contribute to the greatest likelihood of a wintertime blizzards occur under two scenarios. As noted in Figure 7.16a, 
the January 2-3, 1949 blizzard (called by many as "The Storm of the Century") was caused by a low pressure center moving rapidly 
southeastward along the eastern slope of the Rockies followed by a major outbreak of Arctic air. The combined effects (one-two punch) also 
resulted in significant upsloping low level winds. The April 3-4, 1955 event (Figure 7.16a) resulted in nearly four feet of snowfall over 
Sheridan. This event was characterized by a slow moving deep low pressure center just east of Wyoming that adjective cold polar air from 
the north. The onset of many winter storms are not necessarily revealed on upper level weather charts as major troughing over or near 
Wyoming as is common over the eastern half of the US. 
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Figure 7.16a. Surface weather maps showing two major snowstorms that effected Wyoming 
 
7.6.1 Ice Storms 

The conditions that produce ice storms are actually quite rare in Wyoming. Rain falling into pockets of below freezing surface air will create 
conditions that can rival the most severe blizzard. Transportation grinds to a halt, even four-wheel drive vehicles cannot achieve enough 
traction to go anywhere while the accumulating weight of ice on trees and powerlines will eventually cause them to come crashing to the 
ground. In Table 7.E., a summary of the number of hours by month of reported freezing rain is shown for cities with a long continuous period 
of observations.  

The return periods for extreme icing due to freezing rain78a is contained in Figure 7.16b and Figure 7.16c. No more than 0.25 inch of ice 
accumulation is expected to occur over much of Wyoming within a 100 year period. Beyond 100-years, little in the way of increased icing 
thicknesses are modeled over Wyoming. However, localized excepts for damaging icing due to structure exposure is always possible. 

Table 7.E. Hourly reports of freezing rain (period over 50 years) 
Station  Period Jan Feb Mar Apr May Oct Nov Dec 
CASPER  1950 - 2001 1 3 0 2 2 1 5 0 
CHEYENNE  1948 - 2001 1 0 0 15 13 13 7 0 
LANDER  1947 - 2001 2 0 0 1 0 2 3 1 
ROCK SPRINGS 1948 - 2001 2 0 0 1 0 2 0 0 
SHERIDAN  1939 - 2001 2 3 9 5 0 3 5 12 
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Figure 7.16b. Equivalent radial ice thickness (50-year mean recurrence interval) 
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Figure 7.16c. Equivalent radial ice thickness (100-year mean recurrence interval)  

7.7 Avalanche73
 

Wyoming ranks 5th in the overall number of people killed (30) 74 in avalanches from 1985 to 2003 in the US. With the increasing popularity 
of winter recreation in the backcountry, a basic knowledge for determining the avalanche threat potential is essential. Simple snow stability 
tests75, as described by Bruce Tremper, are an excellent tutorial for the novice. Also, recognizing the pattern of wind-loaded76 snowdrifts 
that are staged for avalanche can be a vital tool for survival. One clue is to measure the shape of the newest snow deposition on a lee slope.  

If the newest snow deposition has the asymmetric wedge-shape, with its maximum 0 to 65 feet down the lee slope, and gradually decreases to 
the average new snow depth at 200-330 feet down the lee slope, then avalanche potential due to wind-slab on lee slopes certainly may exist. 
A warning goes with the test: as you are measuring for the presence of the unstable wedge-shaped wind-slab, perform the measurement on a 
small, indicative test slope. Getting caught and killed in the avalanche whose possible existence you were trying to determine is not a 
successful test.  

7.8 Floods77
 

Flash floods and urban small stream floods are the most common types of floods. From 1993 through 2002, 97 events were recorded 
resulting in two deaths, no injuries, and $2.027M in property damages (24 events) (see Figure 7.17). 
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Figure 7.17. Wyoming flood damage (1955-1999)  

  

Figure 7.18. Perhaps the most famous Wyoming flood (1 August 1985, evening, 12 killed, 70 injured, $65 million in property damage)78 
 

7.8.1 Wyoming's Worst Flood 

A nearly stationary severe thunderstorm (or storms) produced the most damaging flash flood on record for Cheyenne and the state of 
Wyoming. Twelve people lost their lives, 70 more were injured, and the damage to homes, cars, and businesses was estimated at $65M.  

At the NWS Forecast Office near the airport, 6.06 inches of rain fell in just over 3 hours (half a year's worth) between 7PM and 10PM. 
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Elsewhere in and around Cheyenne rainfall from the storm totaled between 2 to 6 inches (Figure 7.18).  

Around 7PM cars and trucks were reported floating down Dry Creek in northwest Cheyenne. By 7:30PM, in addition to blinding rain, hail up 
to two inches in diameter and winds up to 70 mph were occurring in the Cheyenne area.  

Flood waters in the city were at their apex from 7PM to 10PM, Dry Creek became a raging torrent throughout northern Cheyenne. 10 to 12 
deaths occurred along Dry Creek when people were swept away in their cars as they tried to cross flooded streets.  

A sheriff's deputy and the child he was trying to rescue from a stranded vehicle were swept away.  

Many streets turned into two to four foot deep rivers with large amounts of hail floating on top. Basements of homes and businesses quickly 
filled up with water and hail as flood waters crashed through doors and windows. One man suffered a heart attack and died while bailing out 
water from his basement. An elderly woman who had taken shelter in her basement during earlier tornado warnings became trapped in her 
basement when the flood waters came crashing through basement windows. The woman drowned in her basement which filled to the ceiling. 

Some basements equipped with drains were still filled with two to five feet of hail after the water drained away. In some low-lying areas of 
Cheyenne, the hail had been piled into four to eight foot drifts by flood waters .  

63. http://lwf.ncdc.noaa.gov/oa/reports/billionz.html 

64. http://www.itsdocs.fhwa.dot.gov//JPODOCS/REPTS_TE//13828.html  

65. see CD: severe_weather, text, thunder, folders, Thunderstorm_Report (pdf)  

66. http://www.nssl.noaa.gov/papers/techmemos/NWS-SR-193/techmemo-sr193-3.html  

67. http://www.cefa.dri.edu/Cefa_Products/Lightning/alds_home.php  

68. http://www.cefa.dri.edu/Publications/LightningReport.pdf  

69. Changnon Climatologist, 801 Buckthorn, Mahomet, IL 61853 (NOAA Grant NA76GPO439)  

70. http://www.spc.noaa.gov/archive/  

71. Significant Tornadoes 1680-1991 by Thomas P. Gazulis, July, 1993 Environmental Films, St. Johnsbury, Vermont ISBN 1-879362-03-1  

72. For a complete list of tornadoes by county from 1950-2003 see CD: severe_weather, misc, tornado folder  

73. See CD: severe_weather, misc, folders for blizzards (pdf) (historial WY events from 1871)  

74. http://www.avalanche.org/~moonstone/TAR/tar.htm  

75. http://geosurvey.state.co.us/avalanche/Default.aspx?tabid=46  

76. Bruce Tremper, The Avalanche Review, VOL. 13, NO. 2, DECEMBER 1994  

77. Rand Decker, The Avalanche Review, Vol. 1, No. 3, December 1982  

78. http://www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwEvent~storms  

78a. Kathleen Jones, "Extreme ice thickness from freezing rain (Report for Federal Emergency Management Agency and National Institute 
of Building Sciences", 28 May 2004.  

79. http://www.nwd-mr.usace.army.mil/rcc/historic/precipmaps.html  
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Clouds 
8.1 General Description 
For most of the state, sunshine ranges from 60 percent of the possible amount during the winter to about 75
percent during the summer (ranks 9th in the US with an annual average of 64 percent). Mountain areas receive 
less and, in the wintertime, the estimated amount over the northwestern mountains is about 45 percent. In the
summertime when sunshine is greatest - not only in time, but also intensity - it is characteristic for the mornings 
to be mostly clear. Cumulus clouds develop nearly every day and frequently blot out the sun for a portion of the
afternoons. Because the altitude provides less atmosphere for the sun's rays to penetrate and because of the very
small amount of fog, haze, and smoke, the intensity of sunshine is unusually high.  

8.2 Hourly Cloudiness 

8.2.1 Total Mean Sky Cover 

In Figure 8.1, Figure 8.2, Figure 8.3, and Figure 8.4, the mean hourly total sky cover by month for Casper,
Cheyenne, Lander, and Sheridan from 1961-90 is shown and reveals a recurring theme. Minimum cloudiness
usually occurs in late summer during early morning hours and maximum cloudiness occurs in mid-afternoon 
during late winter.  
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Figure 8.1. Casper mean hourly total sky cover (in tenths) based on observations from 1961-1990. Annual 
minimum and maximum values are depicted. 
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Figure 8.2. Same as Figure 8.1 except for Cheyenne 
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Figure 8.3. Same as Figure 8.1 except for Lander 
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Figure 8.4. Same as Figure 8.1 except for Sheridan  

8.2.2 Total Sky Cover Frequency 

In Figure 8.5, Figure 8.6, Figure 8.7, and Figure 8.8 total sky cover frequency by month for Casper, Cheyenne,
Lander, and Sheridan from 1950-1996 also show striking similarities. Minimum cloudiness usually occurs in
early fall and maximum cloudiness occurs in the middle of spring, generally about 20 percent of the time for
each extreme.  
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Figure 8.5. Casper total sky cover frequency (%) by month based on daily average observations taken from 
1950 to 1996  
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Figure 8.6. Same as Figure 8.5 except for Cheyenne 
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Figure 8.7. Same as Figure 8.5 except for Lander 
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Figure 8.8. Same as Figure 8.5 except for Sheridan  

8.2.3 Ceiling Height Frequency 

In Figure 8.9, Figure 8.10, Figure 8.11, and Figure 8.12 ceiling height frequency by month for Casper,
Cheyenne, Lander, and Sheridan from 1961-1990 show that low clouds at around 500 m dominate the most in
late winter. Sheridan is the only station in this group that has a higher frequency of low clouds and lesser
frequency of no ceiling conditions. A cloud ceiling is defined when fifty percent or greater sky cover is reached
at a specific height above ground level. Instrument Flight Rates (IFR) conditions exist when ceilings are less
than 3,000 feet (915 meters).  

Page 9 of 25Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/clouds.html



Figure 8.9. Casper monthly ceiling height frequency based on hourly observations from 1961 to 1990. 
Maximum annual frequency is depicted. Heights measured in meters. 
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Figure 8.10. Same as Figure 8.9 except for Cheyenne 
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Figure 8.11. Same as Figure 8.9 except for Lander 
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Figure 8.12. Same as Figure 8.9 except for Sheridan  

8.2.4 Cloud Height Frequency 

Clouds dominate the sky most of the time. For example, in Table 8.A., the frequency of clouds over F.E. Warren
AFB in Cheyenne is dependent on the cloud cover category and time of day.  

By aviation standards, clear skies occur when there is less than a tenth cloud cover, scattered (1 to 4 tenths),
broken (5 to 9 tenths), or overcast (10 tenths) cloud cover. Total obscuration occurs if clouds cannot be seen
because of fog, haze, smoke, etc., excluding precipitation. Partial obscuration denotes that 1/8th or more of the
sky, but not all of the sky, is hidden by any surface-based phenomena in the atmosphere, excluding 
precipitation. These cloud definitions differ from the ones used in section 8.3 below.  

Table 8.A. F.E. Warren AFB, Cheyenne, WY Sky Cover Frequency (%) (1982-1991) 
Hours (LST) Clear Scattered Broken Overcast Totally Obscured Partially Obscured Number of Observations 

00-02  37.4  21.3 15.9  22.1 3.3 0.5 46012  
03-05  35.0  22.6 16.8  22.1 3.5 0.5 45953  
06-08  28.1  22.4 22.2  24.3 3.0 0.6 45901  
09-11  24.6  24.7 24.0  24.9 1.8 0.5 45920  
12-14  16.4  25.9 29.9  26.5 1.3 0.5 45931  
15-17  14.7  23.3 30.4  30.2 1.4 0.5 45927  
18-20  20.9  23.6 25.9  27.4 2.1 0.4 45993  
21-23  30.6  23.2 19.4  24.1 2.7 0.4 45955  
average  26.0  23.4 23.1  25.2 2.4 0.5 367592  
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In Figure 8.13, Figure 8.14, Figure 8.15, and Figure 8.16, cloud height frequencies, independent of ceiling
criteria, are shown for Casper, Cheyenne, Lander, and Sheridan from 1950-1996. Maximum frequencies 
generally occur in early spring and mid-summer although the summer cloud heights are two to three times 
higher. This phenomenon is observed because, during the warmer part of the year, the atmosphere expands,
raising the height of expected condensation (saturation) of the air.  

Figure 8.13. Casper cloud height frequency (%) (1950-1996). Heights measured in feet.  
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Figure 8.14. Same as Figure 8.13 except for Cheyenne 
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Figure 8.15. Same as Figure 8.13 except for Lander 
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Figure 8.16. Same as Figure 8.13 except for Sheridan  

8.2.5 Opaque Sky Cover 

In Figure 8.17, Figure 8.18, Figure 8.19, and Figure 8.20, mean hourly opaque sky cover by month for Casper,
Cheyenne, Lander, and Sheridan from 1961-1990 is similar to total sky cover (Figure 8.1 through Figure 8.4).
The opaque amounts are generally about seven hundredths less than total sky cover for minimum cloud cover
and about double this difference during a period of maximum cloud cover, since higher thin clouds are harder to
observe when lower clouds are blocking them from view. 
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Figure 8.17. Casper hourly opaque sky cover amounts (in tenths) by month based on observations taken from 
1961-1990. Minimum and maximum annual cloudiness are depicted. 
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Figure 8.18. Same as Figure 8.17 except for Cheyenne 
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Figure 8.19. Same as Figure 8.17 except for Lander 
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Figure 8.20. Same as Figure 8.17 except for Sheridan  

8.3 Monthly Cloud Statistics 

Data79 in Table 8.B. and Table 8.C. are based on daylight hours only. Common cloud cover usage include: a
clear day denotes zero to three-tenths average sky cover, partly cloudy is four- to seven-tenths, cloudy is eight-
to 10-tenths. For partly cloudy days add the number of clear days to cloudy days and subtract from total days in
the month to get the number of partly cloudy days. Annual totals may differ from the 12-month totals because of 
rounding. The news media generally use these cloud cover categories (not to be confused with aviation cloud
cover classifications as discussed previously in Section 8.2.4).  

Table 8.B. Mean monthly and annual number of clear days
   JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN 
CASPER  7  6  6  5 6 10 14 13 13 11 7 8  107  
CHEYENNE 9  7  7  6 5 9 10 10 13 13 10  9  106  
LANDER  8  7  7  6 6 10 14 13 14 12 8 10  114  
SHERIDAN  6  5  5  5 6 8 13 14 12 10 6 7  95  

Table 8.C. Mean monthly and annual number of cloudy days
   JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN 
CASPER  16  14  16  16 15 9 6 7 8 12 14  15  147  
CHEYENNE 13  12  14  14 14 9 7 8 9 9 11  13  133  
LANDER  13  12  14  14 14 9 6 6 8 10 12  12  129  
SHERIDAN  17  15  17  16 15 11 6 6 9 12 16  17  157  
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8.4 Instrument Flight Rules (IFR) 80 

IFR conditions occur when either the cloud ceiling goes below 3,000 feet and / or horizontal visibilities fall
below three miles. In Table 8.D., Table 8.E., and Table 8.F., the frequency of hours that these conditions are met
are shown for Casper, Lander, and Sheridan, respectively. Casper and Sheridan have similar IFR frequencies
and are higher than Lander by a few percentage points. Generally, IFR conditions are more common during
night hours except in summer when IFR conditions are quite uncommon.  

 

A further breakdown of frequency of IFR conditions is provided in Table 8.G. for Cheyenne. IFR conditions

Table 8.D. Casper (1950-1990) frequency (%) of hours with IFR conditions 
 

based on local standard time (LST) observations 
STNLST JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
CAS 02  13  18  22  22 17 9 4 3 11 13 15 13  13  
   05  14  17  23  22  18  12  5  4  10  15  15  13  14  
   08  11  16  22  23  18  10  4  4  11  14  13  12  13  
   11  10  14  20  20 15 6 2 2 9 13 13 10  11  
   14  10  12  15  15 11 4 1 1 7 10 11 10  9  
   17  9  13  14  13  10  3  1  1  6  9  12  10  8  
   20  13  15  16  15  11  4  1  1  7  10  14  12  10  
   23  14  17  19  18  15  7  2  2  9  13  14  13  12  
   ALL 12  15  19  19  14  7  3  2  9  12  13  12  11  

Table 8.E. Same as Table 8.D. except for Lander (1948-1990)
STNLST JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
LAN 02  9  11  16  17 14 5 2 1 7 9 11 9  9  
   05  9  12  15  17  13  5  1  1  8  9  13  9  9  
   08  10  12  14  16  12  6  1  1  8  10  12  10  9  
   11  9  11  13  15  13  6  1  1  8  9  10  9  9  
   14  9  8  11  12  9  4  1  1  7  8  10  9  7  
   17  7  8  11  10 9 3 1 1 5 6 9 8  7  
   20  9  11  13  13  10  3  1  1  6  8  12  10  8  
   23  9  12  15  15  12  5  1  1  7  8  12  9  9  
   ALL 9  11  14  14  12  5  1  1  7  8  11  9  8  

Table 8.F. Same as Table 8.D. except for Sheridan (1948-1990)
STNLST JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL 
SHE 02  16  19  20  17 13 7 3 2 8 11 15 14  12  
   05  17  20  23  21  16  9  3  3  9  13  15  16  14  
   08  17  20  23  22  18  11  4  3  10  13  15  15  14  
   11  14  16  19  22  16  11  3  3  11  13  13  14  13  
   14  12  14  18  20  14  8  2  2  9  11  13  12  11  
   17  13  15  17  17  13  6  2  1  8  11  14  13  11  
   20  16  17  19  16 13 5 2 1 7 10 15 16  11  
   23  17  16  19  15  12  5  2  1  7  11  14  15  11  
   ALL 15  17  20  19  15  8  3  2  9  12  14  14  12  
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exist (100%-87.4%) or 12.6% of the time in Cheyenne. Ceilings lower than 1000 feet with visibilities below
three miles occur about 8.8% of the time.  

8.5 Cloud Types 
Wyoming's skies provide a wide assortment of clouds throughout the year. In (Figure 8.21) and (Figure 8.22),
two of the more recognizable cloud types are shown. 

Table 8.G. F.E. Warren AFB, Cheyenne percent frequency of annual hours exceeding IFR conditions (Jan 1982 
- Dec 1991)  

Ceiling    Visibility
3 miles 2 miles 1 mile 0 mile 

3000  87.4 89.7 89.8 89.9 
2500  88.3 90.2 90.2 90.3 
2000  89.5 90.7 91.0 91.0 
1500  89.8 91.6 91.9 92.0 
1200  90.4 92.4 92.9 93.1 
1000  91.2 92.8 93.3 93.5 
900  92.0 93.3 93.8 94.1 
800  92.3 93.7 94.3 94.6 
700  93.1 94.2 95.0 95.3 
600  94.2 94.9 95.8 96.3 
500  94.8 95.6 96.6 97.2 
400  95.2 96.2 97.4 98.2 
300  95.5 96.5 98.0 99.1 
200  95.5 96.6 98.1 99.7 
100  95.5 96.6 98.1 100.0 
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Figure 8.21. Cumulo-nimbus clouds located 60 mi southwest of Laramie are typical in summer  
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Figure 8.22. Alto-cumulus lenticular (mountain wave) clouds located over the Laramie Valley indicate high 
winds are presently aloft  

79#. http://www.wrcc.dri.edu/htmlfiles/ 

80#. International Station Meteorological Climate Summary, Ver 3.0, March 1995 (NCDC).  

 
 

State Climate Office | Water Resources Data System 

Last Modified: Fri, 17 Oct 2008 

← Previous Chapter | Table of Contents | Next Chapter →

Page 25 of 25Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/clouds.html



Humidity 
9.1 General Description 
Wyoming's annual average relative humidity (RH) is quite low (Figure 9.1) and is particularly low in summer.
During the warmer part of the summer days, the humidity drops to about 25 to 30% and on a few occasions it
will be as low as five to 10%. Late at night, when the temperature is lowest, the humidity will generally rise to
65 or 75%. This results in an average diurnal variation of about 40 to 45% during the summer, but in the winter
the variation is much less. Low RH, high percentage of sunshine, and rather high average winds all contribute to
a high rate of evaporation. Similarly, with dew point temperatures generally in the upper 40s during the summer,
Wyoming offers its residents and visitors a break from the sweating and discomfort. Lower dew point
temperatures assure cool summer nights (Figure 9.2). For average annual dew points, see Figure 9.2a.  

  

Figure 9.1. Annual average relative humidity (%) (PRISM, 1961-90)  

Since RH is a function of temperature (assuming there is no additional change in the initial amount of water
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vapor in the air), outside air heated indoors will reduce RH to values well below 10% in winter, especially on
the coldest nights. The use of a humidifier is the easiest way for adding moisture and thus increasing comfort to
the otherwise drying effects on our skin and respiratory system. While static electricity is a common annoyance
with these very low RH values, it can also be a potentially dangerous problem for those working in coalbed
methane mines, where static discharge from clothing could set off an explosion. These conditions, while
uncommon, do occur over lower elevations across the state in the summer. 

  

Figure 9.2. July average dew point temperature (oF) (PRISM, 1961-90) 
 

Page 2 of 21Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/humidity.html



  

Figure 9.2a. Annual average dew point temperature (oF) (PRISM, 1961-90) 
 

9.2 Hourly Humidity Data 

9.2.1 Mean RH 

In Figure 9.3, Figure 9.4, Figure 9.5, and Figure 9.6, mean hourly RH by month for Casper, Cheyenne, Lander,
and Sheridan from 1961-90 reveals that Cheyenne and Sheridan have similar periods of minimum and
maximum. Minimum occurs in the afternoon during mid-summer and the maximum occurs in the early morning
hours of mid-spring. Casper and Lander also show typical RH minimums in the summer but differ on their
period of maximum RH.  
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Figure 9.3. Casper mean hourly RH (%) based on observations from 1961-1990. Annual minimum and 
maximum values are depicted.  
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Figure 9.4. Same as Figure 9.3 except for Cheyenne 
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Figure 9.5. Same as Figure 9.3 except for Lander 

Page 6 of 21Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/humidity.html



Figure 9.6. Same as Figure 9.3 except for Sheridan  

9.2.2 Relative Humidity Frequency 

In Figure 9.7, Figure 9.8, Figure 9.9, and Figure 9.10, RH frequencies by month for Casper, Cheyenne, Lander,
and Sheridan are shown based on daily average observations from 1950-1996. Generally, the highest 
frequencies of occurrence are winter (70% RH) and summer (40% RH) with the exception of Cheyenne where
the highest frequency occurs generally between an RH of 45 to 65% throughout the year.  
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Figure 9.7. Casper RH frequency (%) by month based on hourly observations taken from 1950 to 1996 
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Figure 9.8. Same as Figure 9.7 except for Cheyenne 
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Figure 9.9. Same as Figure 9.7 except for Lander 
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Figure 9.10. Same as Figure 9.7 except for Sheridan  

9.2.3 Mean Dew Point Temperature 

In Figure 9.11, Figure 9.12, Figure 9.13, and Figure 9.14, mean dew point temperatures by month for Casper,
Cheyenne, Lander, and Sheridan from hourly observations from 1961-1990 are characterized by generally 
constant values across the day for a given month and are highest during summer mornings (mid to upper 40s).  

They are lowest during winter mornings (single digit ° F). The importance of dew point temperatures, besides
indicating at what temperature dew or frost will form (equating to 100% RH), is that other moisture calculations
can be performed.81 Weather instruments cannot ecomonically measure all atmospheric elements. However,
with a number that is directly measured, such as dew point, others can be derived accurately.  
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Figure 9.11. Casper average hourly dew point temperature (degree F) by month (1961-1990). Annual minimum 
and maximum values are denoted.  
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Figure 9.12. Same as Figure 9.11 except for Cheyenne 
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Figure 9.13. Same as Figure 9.11 except for Lander 
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Figure 9.14. Same as Figure 9.11 except for Sheridan  

9.2.4 Dew Point Temperature Frequency 

In Figure 9.15, Figure 9.16, Figure 9.17, and Figure 9.18, dew point temperature frequencies by month for
Casper, Cheyenne, Lander, and Sheridan are shown based on hourly observations from 1961-1990. Generally, 
the highest frequencies of occurrence are in spring, fall (20-30° F range), and summer (40-50° F range). 
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Figure 9.15.. Casper dew point temperature frequencies by month based on hourly observations taken from 
1961-1990  
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Figure 9.16. Same as Figure 9.15 except for Cheyenne 
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Figure 9.17. Same as Figure 9.15 except for Lander 
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Figure 9.18. Same as Figure 9.15 except for Sheridan  

9.3 Monthly Humidity Data 
Data in Table 9.A. and Table 9.B. are based on monthly averages of morning (5AM) and evening (5PM) local
time observations. Average morning relative humidity values are based on early morning readings when the
highest values generally occur.  

Average afternoon relative humidity values are based on late afternoon readings when the lowest values
generally occur. Wet bulb temperature (Table 9.C.) is defined as the lowest temperature that can be obtained by
evaporating water into the air. Dew point (Table 9.D.) is the temperature in which air must be cooled (at
constant pressure and constant water vapor content) for saturation to occur. When the dew point falls below
freezing it is called the frost point.  

 

Table 9.A. Mean monthly and annual percent RH (%) (morning) 
   JAN FEB MAR APR MAY JUN JUL AUG SEP OCTNOV DEC ANN
Casper  68 70  73  75 77 75 69 66 68 67 69  68  70  
Cheyenne 57 61  65  68 71 71 70 69 67 61 60  58  65  
Lander  68 68  66  65 65 61 54 54 59 63 69  68  63  
Sheridan  69 72  73  73 76 77 72 68 71 70 73  70  72  

Table 9.B. Mean monthly and annual percent RH (%) (afternoon)
   JAN FEB MAR APR MAY JUN JUL AUG SEP OCTNOV DEC ANN
Casper  60 57  48  41 39 32 26 24 30 40 56  62  43  
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9.4 Higher Frequency Data 
Although ASOS provides more frequent observations than once per hour, these data are often difficult to obtain.
However, WYDOT's observations are generally available several times per hour and are more readily
available.82 In Figure 9.19, the annual frequency of RH for Gillette is provided to illustrate the signatures of
drought and moist years. As noted, bars for the drought years of 2000-2001 show a higher frequency of lower 
humidity values than the bars for the wetter years of 1996-1997 that show a higher frequency of higher humidity 
values.  

Cheyenne 49 48  47  42 44 41 38 38 38 41 50  52  44  
Lander  60 54  45  39 36 31 27 26 32 40 56  62  42  
Sheridan  64 60  50  43 46 44 33 30 38 45 61  65  48  

Table 9.C. Mean monthly and annual wet bulb temperatures (°F)
   JAN FEB MAR APR MAY JUN JUL AUG SEP OCTNOV DEC ANN
Casper  21 23  30  36 45 52 56 54 47 35 28  22  37  
Cheyenne 23 24  29  35 45 52 52 52 44 35 26  21  36  
Lander  17 21  29  36 44 51 55 53 46 37 26  16  36  
Sheridan  21 23  31  38 47 55 55 63 46 36 26  19  37  

Table 9.D. Mean Monthly and Annual Dew Point Temperatures (°F)
   JAN FEB MAR APR MAY JUN JUL AUG SEP OCTNOV DEC ANN
Casper  14 16  22  26 35 42 45 42 36 25 20  14  28  
Cheyenne 12 15  20  26 36 44 44 44 36 26 18  12  28  
Lander  10 13  19  25 33 39 42 40 34 26 17  9  26  
Sheridan  14 15  22  28 37 44 46 43 37 29 20  13  29  
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Figure 9.19. Relative Humidity from WYDOT's Gillette reporting station based on two-yearly, 20-minute 
observations from 1994 to 2001  

81#. http://www.srh.noaa.gov/elp/wxcalc/wxcalc.shtml 

82#. see CD, appendix_data, text, WYDOT folder  
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Evaporation 
10.1 General Description 
Wyoming's low relative humidity, high percentage of sunshine, and high persistent winds contribute to a climate
that is considered semiarid. Annually, evaporation ranges from 30 to about 50 inches (Figure 10.1, Figure 10.2,
Figure 10.3, and Figure 10.4). Evaporation varies much less on a yearly basis than either streamflow or
precipitation. Extreme variations in annual total evaporation are within 25 percent of the long term annual
average.82a However, at Wyoming's highest elevations, precipitation actually exceeds evaporation. To illustrate
this point further, if a desert is simply defined as the net annual deficit of precipitation from evaporation, then the
amount of precipitation in and of itself cannot determine if a region is a desert. Case in point: In Barrow, Alaska,
located well north of the Arctic Circle, the average annual precipitation total is just over four inches and its
average annual temperature is just over 10°F. However, evaporation is well under four inches annually and this
results in Barrow's landscape being surrounded by marsh in summer and thick perma-frost during the remainder 
of the year.  

Most of Wyoming has been subjected to erosion for tens of thousands of years and less than 10 percent is covered
with a mantle of recent (geologically speaking) water-transported soil. The lack of such soil and adequate
moisture limits the natural vegetation to hardy plants such as sagebrush, greasewood, and short grass. Low
relative humidity and a high rate of evaporation add to the problem. A number of abandoned homesteads of one
time enthusiastic settlers bear silent testimony to the lack of moisture. Even so, dryland farming is carried on
successfully in some areas.  
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Figure 10.1. Pan evaporation during the warm season measured in inches  

  

Figure 10.2. The free water surface evaporation is defined by multiplying the pan evaporation (Figure 10.1) by 
the appropriate coefficient from Figure 10.4.  
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Figure 10.3. The average free water surface evaporation for the year  

  

Figure 10.4. Pan to free water surface evaporation coefficients (measured as a percent of one another)  

Approximately 42% of the state's total area is privately owned land, the majority of which is used for grazing,
although some is timberland. The fact that most of the state is still government owned attests to the semiarid
climate which has made the land less attractive to homesteaders. Nearly four percent of the state is cultivated
cropland, including both irrigated and non-irrigated. Another 13 percent is covered with forests, while parks and
recreational areas take up about four percent.  

The majority of the state is used for grazing and has a general appearance of dryness most of the time. However
with the more abundant spring moisture, a greener landscape and increase in biodiversity often occurs. As the
season merges into summer, grasses and flowers turn brown, but continue to serve as food for livestock. Native
grasses are nutritious, although scant. There are some very fine grazing areas with luxuriant grasses, especially in
or near the mountains. Grass is generally so scarce that large ranches are required for profitable operation. The
average for most cattle grazing is about 35 to 40 acres per cow. The mountain areas provide timber and a storage
place for the winter snows which in the spring and summer feed lakes and reservoirs used in the irrigation
districts. Most of the irrigated land is located in the valleys of the following river systems and their tributaries:
North Platte, Wind River, Bighorn, Tongue, and Green Rivers. Principle crops in the irrigation districts are sugar
beets, beans, potatoes, and hay. On the non-irrigated land the principle crops are hay and small grains, such as
wheat, barley, and oats.  

10.2 Snow Fences83
 

A remarkable fact about blowing snow is that after being transported along the ground for five miles, it has
essentially lost all its moisture through a process called sublimation (Figure 10.4a). 
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Figure 10.4a. Both theory and experiments show that 80 percent of snow drifting off a five-mile fetch 
evaporates.  

In order to prevent any evaporation of snow, snow fences are employed not only to prevent snow drifts from 
blocking roads but to collect these drifts for later melt into holding ponds for livestock. The magnitude of these 
drifts is clearly illustrated in Figure 10.5. In Figure 10.6, a method to enhance wind-blown snow as a water 
resource is modeled. The maximum drift depth develops near 6H downwind and is about 1.2 times the fence 
height (H). The upwind drift develops slowly, until it extends to 15H and reaches a maximum depth near 0.5H, 
just upwind of the fence.84 

10.2.1 Structural Fences vs. Living Snow Fences85, 86
 

The conventional slatted fence(4 feet high) and the Wyoming Design board snow fence (8 to 13.8 feet high) are
the most popular structural fence designs.  

Their advantages include:  

Erected and in use very quickly.  
Used at sites where vegetation is not practical.  

Their disadvantages include:  

High establishment and annual maintenance costs.  
Life span of materials is 20 years.  

Advantages of Living Snow Fences include:  

Much less expensive than structural fences (nearly 7 times less).  
Life span is 50 years.  
Designed for wildlife habitat, livestock protection  
Used as visual screens and helps to reduce soil erosion.  

Their disadvantages include:  

Long time lag before vegetation starts to trap snow.  
Barrier density may vary as vegetation grows at different rates.  
Vegetation is susceptible to damage from insects, disease, etc..  

Since 1989, the Laramie County Conversation District has more than 200 living snow fences in place. For more
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information, contact your local conversation district manager.  

  

Figure 10.5. Example of a snow fence's effectiveness  

Figure 10.6. An equilibrium snowdrift cross section is used to compute how much snow transport the snow fence 
will trap  

10.3 Evapotranspiration (ET)87
 

Of all the climate data requested at the Wyoming climate office, ET is perhaps at the top of the list. This should
come as no surprise since the agricultural community has a critical need to know the planting success rate of their
crops that depend on available soil moisture. With evaporation exceeding precipitation by at least four times,
irrigation water management becomes the best means to maximize productivity. Understanding plant root zone
depths, soil types, and volume of irrigated water to apply, the ET or consumptive use of water by plants can then
be more efficiently derived.  

From field tests, about 40 percent of the total moisture intake by plants is extracted by the plant's roots from zero-
to six-inch depths; 30 percent from six- to 12-inches; 20 percent from 12 to 18 inches; and 10 percent from 18 to
24 inches. Each soil type has an inherent "available water" holding capacity which can vary from 1.0 inch per
acre foot for a loamy sand to 2.5 inches for a silty clay loam. Consequently, a two-foot root zone will typically
have an irrigation water requirement that can vary between 1.5 inches (40,500 gallons per acre) for a course
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textured soil to 2.5 inches (67,500 gallons per acre) for a fine-textured soil. Most flood irrigation systems are 
between 45 to 70 percent efficient, therefore 3.0 inches (81,000 gallons per acre) is a recommended application.88

As a rule of thumb, irrigation should be applied when 30 to 50 percent of the available water is depleted in the
zero to 12-inch root zone and when about 15 to 30 percent is depleted in the 12 to 24-inch root zone. It takes 
about 48 hours for the surface moisture to recharge the soil to a 24-inch depth for most soils. As a general 
guideline, a fully mature tree at peak water consumption can remove 0.2 to 0.3 inches of moisture per acre per
day. This translates to irrigating between eight and 10 days if no precipitation occurs during this interval. Of
course solar radiation, wind, humidity, temperature, precipitation, crop variety, soil drainage, and water quality
are important factors for successful irrigation.  

10.4 Evaporation Rates for Select Wyoming Stations 88a
 

Standardized daily evaporation is measured using the four-foot diameter Class A evaporation pan (Figure 10.7).
The pan's water level reading is adjusted when precipitation is measured to obtain the actual evaporation. Most
Class A pans are installed above ground allowing for effects such as radiation on the side walls and heat
exchanges with the pan material to occur. These effects tend to increase the evaporation totals. The amounts can
then be adjusted by multiplying the totals by 0.7 or 0.8 to more closely estimate the evaporation from naturally
existing surfaces such as a shallow lake, wet soil, or other moist natural surfaces. Many stations do not measure
pan evaporation during winter months. The "---" indicates no monthly measurements were taken (Table 10.A.).
At Afton, daily ET has been available since late 1987 (Figure 10.8). During the hottest days of summer, ET rates
can exceed 0.3 inch per day. The frequency distribution of Afton ET is show in Figure 10.9.  

  

Figure 10.7. Class A evaporation pan  
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Figure 10.8. Afton daily ET (1988-2002)  
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Figure 10.9. Afton daily ET frequency by month (1988-2002)  

Monthly and annual means, standard deviations, and highest and lowest evaporation values for the years of
record were calculated for each location (Table 10.B.). High, low, and mean values for pan coefficients other than
0.7 can easily be obtained from the data of Table 10.B. by dividing the values by 0.7 and multiplying by the
desired coefficient. However, the standard deviations will change somewhat for different pan coefficients. The
range of annual values average approximately 15 percent of the mean annual values. The greatest variation is at
Rock Springs with the highest and lowest annual values 19 percent greater and 21 percent less than the mean
annual value, respectively. The least variation is at Sheridan with the highest and lowest annual values about 13
percent above and 7 percent below the mean annual value, respectively.  

Table 10.A. Monthly average pan evaporation (inches) for various periods of record 
(POR)  
STN  POR 

19xx  
JAN FEB MAR APR MAY JUN  JUL  AUG SEP OCT NOV DEC ANN

ANCHORDAM  61-79  ---  --- --- --- 6.46 7.57 9.66 8.31 5.95 5.33 ---  ---  43.28
BOYSEN DAM  48-

2000  
---  ---  ---  5.44 6.72 8.24  9.86  9.08 5.92 3.20 ---  ---  48.46

GILLETTE 2 E  25-
2000  

---  ---  ---  4.52 6.40 7.50  9.88  9.44 6.18 4.36 2.39 ---  50.67

GREEN RIVER  15-
2000  

---  ---  ---  ---  8.22 9.71  11.08 9.80 6.82 4.62 ---  ---  50.25

HEART MTN  49-
2000  

---  ---  ---  3.50 5.81 6.38  7.35  6.69 4.38 3.43 ---  ---  37.54

LARAMIE 2 NW  66-
2000  

---  ---  ---  ---  8.21 10.26 10.71 9.58 7.48 4.76 ---  ---  51.00

MORTON 1 NW  49-68  ---  --- --- 3.91 5.59 6.73 8.27 7.31 4.96 3.35 ---  ---  40.12
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PATHFINDER 
DAM  

48-91  ---  ---  3.20 5.07 6.78 8.78  10.53 9.75 7.17 4.95 2.81 ---  59.04

SEMINOE DAM  48-91  ---  --- --- --- 5.24 8.27 8.99 8.12 5.59 ---  ---  ---  36.21
SHERIDAN 
FIELD STN  

20-
2000  

---  ---  ---  3.55 6.19 7.80  10.16 9.65 6.45 ---  ---  ---  43.80

WHALEN DAM  49-91  ---  --- 3.32 5.17 7.44 9.00 10.39 9.09 6.24 4.18 ---  ---  54.83

Table 10.B. Means, standard deviations, and high and low evaporation values (in inches) 
from estimates using the Kohler-Nordenson-Fox equation with a coefficient of 0.7  
   JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual 
Casper  Mean 1.2  1.4  2.1 3.1 4.3 5.9 7.2 6.5 4.6 3.1 1.7  1.3  42.4 
   SD 0.4  0.4  0.5 0.6 0.6 0.9 0.6 0.7 0.6 0.6 0.4  0.5  2.6  
   High  1.9  2.2  3.1 4.1 6.1 8.2 8.6 8.0 5.4 4.1 2.4  2.2  47.1 
   Low  0.6  0.8  1.1 2.2 3.2 4.2 5.8 4.8 3.1 1.5 0.8  0.8  36.2 
Cheyenne  Mean 1.7  1.9  2.7 3.8 5.0 6.2 6.9 6.2 4.6 3.3 2.0  1.8  46.1 
   SD 0.4  0.5  0.6 0.7 0.8 0.9 0.7 0.7 0.6 0.6 0.5  0.3  3.4  
   High  2.8  3.6  3.9 5.0 6.6 8.2 8.7 7.8 5.9 4.3 3.7  2.5  53.6 
   Low  1.1  1.0  1.5 2.4 3.0 4.4 5.9 5.0 3.2 1.9 1.3  1.3  37.7 
Lander  Mean 0.7  1.1  2.2 3.5 5.0 6.5 7.5 6.5 4.3 2.5 1.1  0.8  41.7 
   SD 0.3  0.3  0.5 0.6 0.7 0.9 0.6 0.6 0.7 0.5 0.3  0.2  2.8  
   High  1.4  1.9  3.3 4.8 6.6 8.3 8.8 7.7 5.3 3.4 1.9  1.2  47.8 
   Low  0.2  0.6  1.3 2.3 3.3 4.4 6.1 4.6 2.8 1.2 0.6  0.3  32.9 
Sheridan  Mean 0.7  0.9  1.8 3.3 4.7 5.6 7.2 6.3 4.0 2.6 1.2  0.8  39.1 
   SD 0.2  0.3  0.4 0.7 0.7 0.9 0.7 0.7 0.6 0.6 0.4  0.3  2.6  
   High  1.5  1.9  2.5 4.6 6.7 7.7 8.5 7.9 5.0 3.6 2.2  2.0  44.2 
   Low  0.3  0.4  1.3 2.0 3.6 3.6 5.7 4.9 2.4 1.7 0.5  0.4  36.5 
Rock Springs Mean 1.2  1.5  2.4 3.7 5.1 6.6 7.7 6.8 5.0 3.3 1.7  1.2  46.2 
   SD 0.3  0.4  0.5 0.6 0.6 1.1 0.7 0.7 0.7 0.7 0.6  0.4  4.6  
   High  1.8  2.7  3.5 5.2 6.2 9.4 9.7 8.1 6.2 4.9 3.2  1.9  55.2 
   Low  0.4  0.7  1.6 2.0 3.8 3.9 6.3 5.1 3.6 1.8 0.8  0.6  36.4 
Pathfinder 
Reservoir  

Mean 0.9  1.1  2.1  3.5  5.0  6.5  7.5 6.6  4.5 2.6  1.3  0.9  42.5  

   SD 0.2  0.3  0.5 0.6 0.8 0.9 0.6 0.6 0.7 0.5 0.2  0.2  2.4  
   High  1.2  1.8  3.3 4.9 6.3 8.3 8.9 7.9 5.4 3.4 1.9  1.3  46.2 
   Low  0.5  0.6  1.4 2.2 3.5 4.5 6.2 4.9 2.8 1.4 0.7  0.6  35.5 
Whalen Dam Mean 1.7  1.9  2.6 3.5 4.7 6.3 7.6 6.9 5.1 3.6 2.2  1.8  47.9 
   SD 0.5  0.5  0.6 0.6 0.6 0.9 0.6 0.7 0.7 0.7 0.4  0.4  3.0  
   High  3.3  3.0  3.7 4.6 6.4 8.7 8.7 8.3 6.7 4.8 3.3  2.6  54.5 
   Low  0.7  1.1  1.2 2.4 3.6 4.8 6.1 5.2 3.3 1.9 1.5  0.9  40.2 

Table 10.C. Means, standard deviations, and high and low net evaporation (in inches) 
from estimates using the Kohler-Nordenson-Fox equation with a coefficient of 0.7 for 
evaportion  
      JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Annual 
Casper  Mean 0.7  0.8  1.1 1.7 2.1 4.6 6.1 5.9 3.7 2.2 1.0  0.8  30.9 
   SD 0.6  0.5  0.9 1.2 1.8 1.6 1.1 1.1 1.4 1.0 0.6  0.4  4.5  
   High  1.7  1.9  2.5 3.7 5.8 8.1 8.3 8.0 5.2 3.7 2.2  1.8  38.3 
   Low  -0.8  -0.1  -1.2 -1.3 -2.6 1.1 3.8 2.2 -0.2 -0.2 -0.7  -0.4  20.6 
Cheyenne  Mean 1.2  1.5  1.7 2.3 2.6 4.0 5.0 4.8 3.6 2.6 1.5  1.4  32.0 
   SD 0.9  0.7  1.1 1.5 1.8 1.9 1.6 1.2 1.4 1.2 0.8  0.5  6.3  
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Monthly and annual means, standard deviations, and highest and lowest net evaporation values for the years of 
record were calculated for each of the seven locations (Table 10.C.). Again, a pan coefficient of 0.7 was used.
The greater variability of net evaporation as compared to evaporation is shown by the values of Table 10.B. and
Table 10.C. The range of annual net evaporation values average 34 percent above and 42 percent below the mean
annual values (Table 10.C.). These are over twice the magnitude of the percentages for evaporation (Table 10.B.).
The standard deviations of the annual values are also nearly twice the magnitude for net evaporation than for
evaporation.  

The variations of estimated evaporation and net evaporation are indicated by the values of Table 10.B. and Table
10.C.. Mean annual values of estimated evaporation range from a low of 39.1 inches per year at Sheridan to a
high of 47.9 inches per year at Whalen. That is, the annual mean at Whalen is about 22.5 percent higher than the
annual mean evaporation at Sheridan. Mean annual net evaporation ranges from a low of 23.7 inches per year at
Sheridan to a high of 37.7 inches per year at Rock Springs. As shown, the variation of net evaporation between
areas can be quite large.  

82a#. http://library.wrds.uwyo.edu/theses/Lewis-1978/Lewis-1978.pdf ,   

83#. http://www.wrds.uwyo.edu/wrds/rmfres/refwork.html ,   
http://www.wrds.uwyo.edu/wrds/rmfres/rmfres.html  

84#. Tabler, Ronald D. 1973a. New snow fence design controls drifts, improves visibility, reduces road ice. In: 
46th Annual Transportation Engineering Conference [University of Colorado; Denver; Feb. 22-23, 1973] 
Proceedings: 16-27.  

85#. http://www.lccdnet.org/trees/living_snow_fence.html  

86#. http://www.na.fs.fed.us/spfo/hot_topics/winter_97/snowfnc.htm

   High  2.5  3.5  3.8 4.2 6.4 6.9 7.9 7.8 5.6 4.0 3.6  2.4  43.3 
   Low  -1.7  -0.1  -0.6 -1.2 -2.4 -0.6 1.1 2.9 -1.1 -0.8 -1.2  0.2  18.7 
Lander  Mean 0.2  0.5  1.0 1.1 2.3 4.8 6.9 6.1 3.2 1.2 0.3  0.3  28.1 
   SD 0.6  0.7  1.1 1.8 2.1 2.2 1.0 1.1 1.6 1.4 0.8  0.5  5.7  
   High  1.1  1.8  3.0 4.3 5.8 8.3 8.5 7.7 5.3 2.9 1.9  1.1  41.3 
   Low  -1.5  -1.4  -1.6 -3.0 -2.8 -1.9 5.0 2.6 -1.5 -1.8 -1.5  -0.9  12.2 
Sheridan  Mean 0.1  0.4  0.9 1.5 2.1 2.6 6.2 5.3 2.6 1.5 0.4  0.3  23.7 
   SD 0.5  0.4  0.7 1.4 1.9 2.6 1.4 1.3 1.4 1.2 0.6  0.5  4.4  
   High  1.3  1.4  2.1 4.2 6.5 6.9 8.0 7.5 4.7 3.3 2.1  1.9  34.7 
   Low  -1.0  -0.5  -1.2 -1.9 -3.1 -4.1 2.3 1.1 -0.5 -1.2 -1.4  -0.9  14.4 
Rock Springs Mean 0.8  1.1  1.9 2.7 3.8 5.5 7.1 6.1 4.3 2.6 1.2  0.7  37.7 
   SD 0.5  0.6  0.7 1.1 1.4 1.9 1.0 1.2 1.3 1.2 0.8  0.5  6.6  
   High  1.7  2.6  3.4 5.1 5.7 9.4 9.1 8.1 6.1 4.8 3.1  1.7  51.1 
   Low  0.7  0.0  0.6 0.7 0.6 0.6 3.9 3.3 0.3 0.2 0.0  -0.3  21.0 
Pathfinder 
Reservoir  

Mean 0.6  0.7  1.5  2.2  3.5  5.1  6.8 6.0  3.7 1.7  0.9  0.6  33.3  

   SD 0.4  0.5  0.7 1.1 1.6 1.7 0.9 1.1 1.2 1.1 0.4  0.3  4.0  
   High  1.0  1.7  2.6 4.5 5.9 8.3 8.4 7.8 5.3 3.1 1.9  1.1  39.9 
   Low  -0.9  -0.2  -0.2 0.5 0.1 1.1 5.0 2.4 1.0 -0.8 -0.2  -0.4  19.8 
Whalen Dam Mean 1.3  1.5  1.9 2.0 2.5 3.9 5.9 5.9 3.7 2.9 1.7  1.3  34.8 
   SD 0.4  0.6  1.0 1.2 2.1 2.2 1.5 1.1 1.6 1.1 0.5  0.5  5.5  
   High  2.0  2.8  3.5 4.0 6.3 7.7 8.5 8.0 5.6 4.4 2.6  2.2  45.3 
   Low  0.4  0.6  -0.4 -0.2 -3.7 -0.9 2.6 3.5 -1.1 0.1 0.8  0.2  21.6 

Page 10 of 11Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/evaporation.html



87#. Comprehensive ET study in Wyoming, see: http://library.wrds.uwyo.edu/wrp/85-21/85-21.html  

88#. personal correspondence with Rudy Garcia, USDA/NRCS Field Agronomist  

88a#. Available on page 20 of the NCDC Annual Climatological Data publication. In recent years, Heart 
Mountain and Sheridan Field Stn total evaporation data has been available. Free to .edu and .gov organizations. 
 

State Climate Office | Water Resources Data System 

Last Modified: Fri, 17 Oct 2008 
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WIND 
11.1 General Description 

Wyoming is windy and during the winter there are frequent periods when the wind reaches 30 to 40 mph with gusts of 50 or 60 mph (ranks 1st in the US 
with an annual average wind speed of 12.9 mph). This status has created a humorous notoriety for the state (Figure 11.1). Prevailing wind direction varies
from west-southwest through west to northwest and is somewhat determined by local terrain. In many localities, winds are so strong and constant from
those directions that trees show a definite lean towards the east. Many wind farms have been established over southern Wyoming in places such as
Arlington89, Medicine Bow, Rock River, near Evanston, and just south of Cheyenne in order to take advantage of this important renewable energy
resource.  

  

Figure 11.1. Wyoming Wind Sock 90 
 

11.2 Effectiveness of High Winds at Altitude (Wind Load) 
The significance of high winds can be seen if one considers the following equation:  

P = 0.00256 * V2 * Cd where, 0.00256 is the mass density of air at 0°C and normal air pressure. 
 

P is the wind pressure in pounds per square foot (lbs ft -2). 
 

V is the wind speed in miles per hour (mph).  

Cd is the shape coefficient number. Most standing structures including cars have a Cd of ∼2.0.  

For example, Plywood, has a Cd =1.2 and a 4x8 foot sheet would experience 9.8 pounds of wind pressure (with winds blowing directly on it at sea-level) 
at 10 mph, 61 pounds at 25 mph, 245 pounds at 50 mph, 980 pounds at 100 mph, and 3,920 pounds at 200 mph! Even at Wyoming's higher elevations
where air is not as dense as at sea-level, pressure on any structure increases remarkably quickly with increasing winds.  

At roughly 10,000 feet for the same example, the results are as following: at 10 mph 7 pounds, at 25 mph 43 pounds, at 50 mph 172 pounds, at 100 mph
688 pounds, and at 200 mph 2752 pounds.  

AD is roughly equal to [0.348444 * P - h * (0.00252 * t - 0.020582)] / (273.15 + t), where  

AD = Air Density in kg/m3 
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P = Air pressure in (mb)  

h = Relative Humidity (%)  

t = Air Temperature ( ° C)  

For t = 20° C, P = 1013.25 mb, and h = 50%, AD = 1.2 kg m-3 
 

However, wind pressure also varies on structures that are not solid, such as snow fences. Appendix F contains three tables that help one calculate the 
wind pressure on snow fences with a porosity ratio of 0.5 (Cd = 1.05) and at various fence heights. Correction factors based on elevation, temperature, 
and other porosity values are also shown.  

11.3 Wind Power 

As technology improves renewable energy will become the dominate alternative energy resource. While Wyoming ranks 1st in the US in coal mining, its 
high ranking in available winds makes the "mining" of wind increasingly cost effective. The state's wind resource is ranked 7th among the contiguous
states. Approximately 42,875 mi2 of available windy land has a potential wind energy yield of 747 billion kWh per year with a wind energy potential
(average power) of 85,200 MW. This is equivalent to the potential of supplying approximately 66 million homes with energy annually.  

In Figure 11.2, the average annual wind speed at a 50 meter height is shown at 400 m resolution. The average adjusted bias over all stations is 1-2% of 
the projected/measured speed, while the standard deviation of the bias is 2-4%. These discrepancies are within the measurement error of the
meteorological equipment. It is recommended that a +/-7 percent accuracy generally be assumed for the Wind Map results at most sites.91 The equivalent 
wind power is shown in Figure 11.3. Accuracy over complex terrain is within +/-15 percent of depicted values. Note the highest wind power is located 
over the Laramie, Snowy, Wind, and Absaroka Mountain ranges.  

  

Figure 11.2. Modeled wind speed over Wyoming at 50 m height and 400 m resolution (Copyright 2002 TrueWind Solutions, LLC.)  

  

Figure 11.3. Modeled wind power over Wyoming at 50 m height, measured in units of power density (Copyright 2002 TrueWind Solutions, LLC.)  

These high resolution modeled maps are the product of the Wind Power Maps Organization. 92 Various caveats pertaining to Figure 11.2 and any actual 
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measured or estimated winds within the boundary layer93 of the atmosphere are provided below.  

11.3.1 Speed Adjustments for Local Conditions94
 

It must always be kept in mind that the wind conditions at a particular location may differ substantially from the predicted values because of variations in
elevation, exposure, surface roughness, or other factors. The following guidelines should be followed when interpreting Figure 11.2 and any wind data in
general:  

As a rule of thumb the effect of obstacles extends to a height of about twice the obstacle height and to a distance downwind of 10-20 times the 
obstacle height.  
Another rule is that every 328 ft (100 m) increase in elevation above the 164 ft (50 m) generator height will result in an increase in the mean wind 
speed of 1.1 mph (0.50 m/s). This is most applicable to small, isolated hills or ridges in otherwise flat terrain. It should be used with caution in 
mountains where it is difficult to determine what the "average" elevation is and where wind flows can be very complex.  
Local wind speed variations will result where the local surface roughness differs substantially (example: a pasture surrounded by forest). Lower 
roughness sites will, in general, experience somewhat stronger winds, while higher roughness sites will have weaker winds. The magnitude of these 
speed variations - which will depend upon the nature and heights of the roughness elements and on the distances between roughness changes - are 
not easily predicted.  
In dense forests, the height above ground at which the predicted wind speed actually occurs may be as much as 23-50 ft (7-15 m) higher than 
indicated in Figure 11.2. For example, in an area covered by forest with an average canopy height of approximately 18 m (60 ft), the Wind Map's 
wind speed prediction at the 213 ft (65 m) level would actually apply to a height of 253 ft (77 m) above the ground [65 + 2/3(18)].  

11.4 Hourly Winds 
High reporting frequency of winds in Wyoming is limited to the first order weather stations (officially recognized by the National Climate Data Center)
and from WYDOT's reporting road side network. In this section an overview of these data are provided.  

The hourly winds measured at airports are normally two or three minute averages of three or five second samples at the top of every hour. These are not
gusts. Newer equipment, particularly the Automated Surface Observation System (ASOS) used at most locations since 1996, automatically records these
values from cup anemometer values.  

Older observations (generally prior to 1996) represent data recorded by personnel working at weather stations who manually observed wind speed and
direction at the top of every hour, and made an estimation of hourly winds over some time period, typically two to five minutes in length.  

11.4.1 Wind Speed 

In Figure 11.4, Figure 11.5, Figure 11.6, and Figure 11.7, mean hourly wind speed by month for Casper, Cheyenne, Lander, and Sheridan from 1961-
1990 reveals that the weakest winds occur in the mornings and the strongest winds occur in early to mid-afternoon, although the time of year for these 
extremes to occur is different. Casper shows the largest range in wind speeds while Lander shows the smallest range followed closely by Sheridan.  

  

Figure 11.4. Casper mean hourly wind speed (mph) based upon observations taken between 1961-90. Extreme annual values are depicted. 
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Figure 11.5. Same as Figure 11.4 except for Cheyenne  

  

Figure 11.6. Same as Figure 11.4 except for Lander  

Page 4 of 20Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/wind.html



  

Figure 11.7. Same as Figure 11.4 except for Sheridan  

11.4.2 Wind Speed Frequency95
 

In Figure 11.8, Figure 11.9, Figure 11.10, and Figure 11.11, the January wind roses for Casper, Cheyenne, Lander, and Sheridan from 1961-1990 are 
depicted. Casper shows prevailing (strongest) winds from the southwest, Cheyenne from the west and northwest, Lander from the southwest and
southeast, and Sheridan from the northwest. Frequency rings are at different scales for each city. January is generally the windiest month for these
locations. For other months and locations, see the companion CD.96  

  

Figure 11.8. Casper January wind rose based upon observations taken between 1961-90. Speeds are measured in m s-1. Double the values to approximate 
mph.  
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Figure 11.9. Same as Figure 11.8 except for Cheyenne  

  

Figure 11.10. Same as Figure 11.8 except for Lander  
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Figure 11.11. Same as Figure 11.8 except for Sheridan  

11.4.3 Wind Direction 

In Figure 11.12, Figure 11.13, Figure 11.14, and Figure 11.15, the wind directions by hour and month for Casper (1950-1990), FE Warren AFB 
(Cheyenne) (1982-1991), Lander and Sheridan (1948-1990) are shown. Although different sample averaging and periods are used, the effects of
topography (mountain-valley) winds are suggested. For Casper, during the spring and summer, early evening winds are generally out of the south-
southeast while, during the day, the winds are out of the south-southwest. This pattern is more pronounced in Cheyenne but is reversed in Lander.
Sheridan shows more diurnal wind-direction variability in late summer and early fall.  

Caution should be exercised when determining winds from a 0-degree direction. Stations are required to report calm winds from 0 degrees and northerly
winds from 360 degrees. However, this reporting procedure has been inconsistent. Additionally, taking average wind directions requires that a weighting
factor be applied. For example, let's say that in three hours, winds are reported at 350, 360, and 010 degrees. The average could be interpreted as
(350+360+010)/3 = 240, but, of course, the average direction is 360. A simple method for determining an approximate average wind direction is to
simply calculate the average frequency percentage for each quandrant, multiply the result by the mean value of that quadrant, and then add all the
quadrant contributions. For example, the 1- to 90-degree quadrant (ignore 0 degrees as explained above) contributes 10 percent of the total direction, the
91- to 180-degree quadrant contributes 20 percent, the 181- to 270-degree quadrant contributes 30 percent, and the 271- to 360-degree quadrant 
contributes 40 percent. Therefore the wind direction is roughly equal to (1+90)/2 * 0.10 + (91+180)/2 * 0.20 + (181+270)/2 * 0.30 + (271+360) * 0.40 =
221.45 degrees. This approximation usually works to within a few degrees of the actual average wind direction if the sample is very large (i.e., >5000 
data points).  
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Figure 11.12. 3-hour average wind direction by month for Casper (1950-1990)  

  

Figure 11.13. Same as Figure 11.12 except for FE Warren AFB (Cheyenne) (1982-1991) 
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Figure 11.14. Same as Figure 11.12 except for Lander (1948-1990). Note scaling differences.  

  

Figure 11.15. Same as Figure 11.12 except for Sheridan (1948-90). Note scaling differences.  

11.4.4 Wind Direction Frequency 

In Figure 11.16, Figure 11.17, Figure 11.18, and Figure 11.19, the wind direction frequency by month for Casper, Cheyenne, Lander, and Sheridan from
1961-1990 shows that the maximum frequency varies by location. Casper (230 degs) and Cheyenne (290 degs) have their maximum frequencies in
December and January, respectively. Lander has its maximum frequency in July (240 degs) and Sheridan in March (320 degs).  
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Figure 11.16. Casper wind direction frequency based upon hourly observations taken between 1961-90. The maximum annual frequency is depicted.  

  

Figure 11.17. Same as Figure 11.16 except for Cheyenne  
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Figure 11.18. Same as Figure 11.16 except for Lander  

  

Figure 11.19. Same as Figure 11.16 except for Sheridan 

11.4.5 Annual Winds 

Although long-term climate averages are useful when there is a need for a quick summary of weather information, continuously changing weather results
in climate conditions that are seldom average. For example, when examining the yearly average wind speeds for Casper, Cheyenne, Lander, Rock
Springs, and Sheridan (1961-1990) based on hourly observations, subtle variations are noted. In figure 11.20, the annual average wind speed frequencies
for various wind ranges shows fairly persistent speeds year after year. However, upon further investigation, wind speed frequencies at the lowest and
highest ranges often show more than half or double the annual long-term average (figure 11.21). Note strong winds in 1964 for Cheyenne, Lander, and
Sheridan. For wind speed and temperature correlation, Casper, Lander, and Rock Springs were statistical significance at the 95% level or better while for
wind speed and precipitation, only Cheyenne and Rock Springs were statistically significant. Sheridan showed no significance in our data sample while
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those stations that did, all had negative correlations. Thus, increased wind speed generally resulted in cooler annual temperatures and less annual
precipitation.  

 

Figure 11.20. Annual average wind speed for Casper, Cheyenne, Lander, Rock Springs, and Sheridan (1961-1990) based on hourly observations for 
various wind speed intervals (in knots) 
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Figure 11.21. Annual wind speed departures from average for Casper, Cheyenne, Lander, Rock Springs, and Sheridan (1961-1990) for various wind 
speed intervals (in knots)  

In Figure 11.22, the annual average wind speed for the five sampled stations, along with their linear trend lines, averages, and percent of inter annual
variability are shown (highest to lowest extremes). With global warming, one would expect to see a decreasing average wind speed trend as the thermal
gradient between the poles and the equator lessen. However, although all stations showed this negative trend, only Lander's trend was determined to be
statistically significant. Cheyenne and Sheridan had the greatest inter annual variability (>140%) while Casper had the least with only 119%. 

Page 13 of 20Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/wind.html



Page 14 of 20Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/wind.html



 

Figure 11.22. Annual wind speed for Casper, Cheyenne, Lander, Rock Springs, and Sheridan (1961-1990) with trends, averages, and inter annual 
variability (%) 

When comparing annual wind direction frequencies (figure 11.23), Casper clearly reveals the most persistent winds from the southwest with a curious
exception in 1972-3. Generally, the winds from the most prominent prevailing direction will vary by five percent of the time and lesser percentage for
other wind directions. Wind direction is generally correlated to annual precipitation for most wind directions except for Sheridan's southerly wind
component where no significance exists. However, wind direction is not correlated to annual average temperature for any of the stations in this study. 
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Figure 11.23. Annual wind direction frequencies for Casper, Cheyenne, Lander, and Sheridan (1961-1990) 

11.4.6 Prevailing Direction of Blowing Snow 

As noted in Figure 11.23a, during times of blowing snow, wind direction can vary from the southwest through the northwest depending on local
topography. Optimal positioning of snow fences (maximum snow catch) is achieved when winds are perpendicular to these structures.
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Figure 11.23a. Prevailing snow transport in Wyoming based on modeled data 

11.5 Wind Chill97
 

Since wind chill cannot be measured by thermometer and there are no climate records or statistics of just how cold "it feels", the discussion of this topic
seems more relevant to wind. In Figure 11.24, the National Weather Service's new wind chill index chart is provided. This newer index calculates wind
speed at an average height of five feet (typical height of an adult human face) based on readings from the national standard height of 33 feet (typical
height of an anemometer). Frostbite on exposed skin occurs in 15 minutes or less at wind chill values of -18° F or lower.  
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Figure 11.24. Official NWS wind chill index chart (effective 2001)  

11.5.1 WYDOT Winds 

Higher resolution reports at 10 to 15 minute intervals from 1994-2001 are available on the Atlas CD.98 Figure 11.25 and Figure 11.26 are examples of 
average and maximum wind frequencies for Arlington, WY. Note that there is only a small difference between average and maximum winds. Based upon
an average January temperature of 15° F and average winds of 35 mph, the average wind chill temperature is -7° F.  

  

Figure 11.25. Arlington, WY average monthly wind speed (1994-2001) based on 10 to 15 minute reports 
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Figure 11.26. Same as Figure 11.25 except for monthly maximum wind speed.  

89#. http://www.rnp.org/Projects/foote.html 

90#. Windsock photo courtesy of Tom Dietrich  

91#. For a higher resolution maps, see CD: Wind, graphs, WindPower folders  

92#. http://www.windpowermaps.org/windmaps/states.asp  

93#. http://lidar.ssec.wisc.edu/papers/akp_thes/node6.htm  

94#. http://www.windpower.org/en/tour/wres/shelter/index.htm  

95#. ftp://ftp.wcc.nrcs.usda.gov/downloads/climate/windrose/wyoming  

96#. CD: Wind, Graphs, WindRose folders  

97#. http://www.nws.noaa.gov/om/windchill/index.shtml  

98#. CD: Appendix_data, text, WYDOT folders  
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Solar Radiation 
12.1 General Description 
For most of Wyoming, sunshine ranges from 60 percent of the possible amount during winter to about 75 percent
during the summer (ranks 9th in the US with an annual average of 64 percent). Mountain areas receive less, and in the
winter, the estimated amount over the northwestern mountains is about 45 percent. In the summer when sunshine is
greatest - not only in time but also intensity - it is characteristic for the mornings to be mostly clear. Cumulus clouds
develop nearly every day and frequently blot out the sun for a portion of the afternoons. Because the altitude provides
less atmosphere for the sun's rays to penetrate and because of the very small amount of fog, haze, and smoke, the
intensity of sunshine is unusually high. On a cloudless summer day ultraviolet radiation is about 25 percent higher at
14,000 feet than it is at 5,500 feet. However, the amount of solar radiation reaching the ground is also a function of
cloud height and cloud thickness. As noted in Figure 12.0, lower cloud bases will reduce the effectiveness of solar
radiation heating the ground more than higher thinner clouds. Except for strong winds occurring with air
temperatures below 20 °F or so, daytime solar radiation is usually sufficient to warm the pavement surface above
freezing.98c This has implications with respect to the formation of ice from blowing snow. Because of Wyoming's
abundance of sunshine, this important renewable resource (Figure 12.1) has its own dedicated chapter in this atlas.
By understanding the nature of solar energy, architects can better design homes and office buildings for maximum
energy efficiency, agricultural stakeholders can better calculate evapotranspiration, and users of solar batteries can
better outfit remote areas with backup or alternate power supplies.  

  

Figure 12.0. Solar radiation reaching the ground surface as a ratio of that on a clear day, in relation to cloud cover 
and height of cloud base above ground98a 98b  

Solar energy is measured at Wyoming's only primary station at Lander and is modeled at its secondary stations in
Casper, Cheyenne, Rock Springs, and Sheridan. Total solar radiation has also been measured at Afton since 1988 and
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various components of solar radiation have been measured at Green River since 1994.  

For the period from 1961-1990 hourly, daily, monthly, and annual climatology for the primary (direct measurements)
99 and secondary (modeled based on cloudiness) 100 stations across Wyoming are available. To better understand the
nature and uses of these data the following definitions are provided:  

  

Figure 12.1. Wyoming's annual daily average solar insolation (KWh/m2/day)101 
 

Incident solar radiation is given in terms of global radiation, clear-day global radiation, and diffuse radiation 
(Figure 12.2).  

Diffuse radiation is the sum of sky radiation and the radiation reflected from the ground in front of the surface. The
ground-reflected radiation is usually calculated using a ground reflectivity or albedo of 0.2, a nominal value for green
vegetation and some soil types (Figure 12.3).  

Global radiation is the total radiation received by the window and is the sum of the direct beam radiation
component, sky radiation, and radiation reflected from the ground in front of the surface. Clear-day global radiation 
represents the global radiation obtainable under clear skies (Figure 12.4).  

Transmitted solar radiation into a living space is less than the radiation that strikes the outside of a window
because of losses associated with radiation reflected off of and absorbed by the glass. Of course, the type of glass
(e.g., low E) will result in different values for effective solar gains or losses within a space. For south-facing 
windows, the geometry balances the need for maximum heat gain during the heating season without creating
unreasonable heat gain during the cooling season. The shading geometries provide guidance for the appropriate 
dimensions of roof overhangs. However, situations may require a different geometry depending on the balance
between heating and cooling loads for the particular building and factors such as required window sizes and building
practices. For east- and west-facing windows, overhangs are not particularly effective in preventing unwanted heat
gain. Additional shading strategies such as vertical louvers may be needed. The tables and charts that follow provide
solar radiation data in units of Btu / ft2 / day for five surfaces: a horizontal (Figure 12.5) window and a vertical 
window facing north, east, south, and west. Standard deviations and minimum and maximum monthly and yearly
values of global horizontal radiation are provided to show the variability of the solar resource at a station. These
quantities pertain to monthly and yearly values, rather than to single days. 
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Figure 12.2. Types of solar radiation  
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Figure 12.3. Lander average monthly and annual diffuse radiation (1961-1990) 
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Figure 12.4. Lander average monthly and annual global radiation (1961-1990) 
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Figure 12.5. Lander monthly and annual extreme horizontal radiation (1961-1990)  

In Figure 12.5a, Afton's solar radiation frequency is depicted by month from 1988 to 2003. As would be expected, 
the highest daily readings occur in June and July but the highest frequency occurs in winter at low radiation values. 
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Figure 12.5a. Afton Solar Radiation Frequency (1988-2003)  

12.2 Sunrise and Sunset102
 

As a consequence of Wyoming's size, it takes approximately 30 to 45 minutes for the sun to rise or set across the
state, depending on time of year. As depicted in Figure 12.6 through Figure 12.11., the equinox sun lines (times of
equal events) are roughly north-south while, during the solstice, the sun lines have the greatest angle with respect to
the latitude bands.  

Page 7 of 15Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/solar.html



  

Figure 12.6. Wyoming sunrise times on the 21st of the month for January through April. All times are in mountain 
standard time(MST).  
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Figure 12.7. Same as Figure 12.6 except for May through August (M.S.T.) 
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Figure 12.8. Same as Figure 12.6 except for September through December (M.S.T.) 
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Figure 12.9. Same as Figure 12.6 except for sunsets (M.S.T.) 
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Figure 12.10. Same as Figure 12.6 except for sunsets (May through August) (M.S.T.) 
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Figure 12.11. Same as Figure 12.8 except for sunsets (September through December) (M.S.T.)  

12.2.1 Sun's Azimuth and Elevation 

If one wants to take advantage of solar gain when building a passive solar designed home, it is imperative to know
where the sun is at all hours thoughout the year. In Table 12.A., the sun's position on December 21 and June 21 are
shown for Laramie. Azimuth directions are; 90=east, 180=south, 270=west, and 0 or 360=north. For other locations,
see the US Naval Observatory website. 103  

Table 12.A. Solar elevation and azimuth for Laramie on the solstice (in degrees)
Standard Time December 21 June 21

Elevation Azimuth Elevation Azimuth 
04:00 (4AM)      -5.3  52.2  
05:00      4.3 62.2 
06:00      14.6 71.4 
07:00  -4.9 117.2 25.5 80.3 
08:00  4.8 127.1 36.7 89.6 
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12.3 UV Radiation 

The distribution of erythemal (skin-reddening) ultrabiolet radiation109a at the Earth's surface is derived from satellite-
based observations of atmosphereic ozone and cloud reflectivity. The climatology (figure 12.12) may be helpful in
assessing the role of long-term environmental exposure to UV (e.g., in epidemiological studies of skin cancer).
Comparisons with ground-based measurements show agreement at the 10-20% level at mid-latitudes.  

  

Figure 12.12. Daily Erythemal UV doses averaged over 1979-1992 

The ozone layer shields the Earth from harmful UV radiation. Ozone depletion, as well as seasonal and weather
variations, cause different amounts of UV radiation to reach the Earth at any given time. Developed by the National
Weather Service (NWS) and EPA, the UV Index109b predicts the next day's ultraviolet radiation levels on a 0-10+ 
scale, helping people determine appropriate sun-protective behaviors. Figure 12.13 shows the new UV Index. 

09:00  13.0 138.2 47.9 100.5 
10:00  19.5 150.8 58.6 115.0 
11:00  23.8 164.9 67.7 138.2 
12:00  25.3 179.9 72.1 177.0 
13:00 (1PM) 23.8 194.9 68.6 217.5 
14:00  19.6 209.0 59.9 242.5 
15:00  13.1 221.7 49.3 257.9 
16:00  4.9 232.8 38.2 269.0 
17:00  -4.8 242.7 27.0 278.5 
18:00      16.0 287.4 
19:00      5.7  296.6  
20:00      -4.1  306.4  
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Figure 12.13. New UV Index  

98a. U.S. Army Corps of Engineers. Engineering and Design RUNOFF FROM SNOWMELT. Engineer Manual No. 
1110-1406, 1998. 

98b. Calex Electronics Limited. Temperature Handbook, 12th Edition. Bedfordshire, England. Undated.  

98c. http://www.tablerassociates.com/images/Snow04-A030.pdf  

99. http://rredc.nrel.gov/solar/old_data/nsrdb/bluebook/  

100. http://rredc.nrel.gov/solar/pubs/bluebook/appendix.html#calcincrad  

101. http://www.energyatlas.org/PDFs/LowRes/atlas_state_WY.pdf  

102. http://aa.usno.navy.mil/data/docs/RS_OneDay.html  

103. http://aa.usno.navy.mil/data/docs/AltAz_noJS.html  

109a. http://www.bmayer.de/papers/doe99.pdf  

109b. http://www.epa.gov/sunwise/uvilaunch.html  

 
 

State Climate Office | Water Resources Data System 

Last Modified: Fri, 17 Oct 2008 

← Previous Chapter | Table of Contents | Next Chapter →

Page 15 of 15Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/solar.html



Pressure 
13.1 General Description 
Average sea-level pressure (SLP) is used to standardize surface pressure maps (Figure 13.1-Casper). On the other hand, station 
pressure which is based on the station's elevation (Figure 13.2-Casper, Figure 13.4-Cheyenne, Figure 13.6-Lander, and Figure 13.8-
Sheridan) is used for aviation altimetry settings for take-offs, landings and minimum cruising heights to avoid mountains. In 
Wyoming, pressure climatology shows little in the way of variation throughout the year. Maximum pressure usually occurs in July
during the afternoon while minimum pressure occurs in March during the morning. The differences between average extremes are
usually less than 10 mb or 0.33 inch of mercury (Figure 13.2, Figure 13.4, Figure 13.6, and Figure 13.8). The highest frequency of
station pressure values are found in July and ranges from 9 to 13 percent as shown in Figure 13.3, Figure 13.5, Figure 13.7, and
Figure 13.9 (note that the scales are different for these figures). This is not unusual since few weather systems move through the state
in the summer. Since most weather systems either form north or east of Wyoming, the state seldom experiences intense high or low
pressures.  

  

Figure 13.1. Casper average monthly sea-level pressure as a function of frequency (%) of occurrence from 1950-1996 

Page 1 of 9Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/pressure.html



  

Figure 13.2. Casper mean hourly station pressure in millibars (mb) (1961-1990) by month. Extreme values are depicted.  

  

Figure 13.3. Casper pressure frequency (1961-1990) by month 
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Figure 13.4. Same as Figure 13.2 except for Cheyenne (different scaling)  

  

Figure 13.5. Same as Figure 13.3 except for Cheyenne (different scaling) 
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Figure 13.6. Same as Figure 13.2 except for Lander (different scaling)  

  

Figure 13.7. Same as Figure 13.3 except for Lander (different scaling) 
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Figure 13.8. Same as Figure 13.2 except for Sheridan (different scaling)  

  

Figure 13.9. Same as Figure 13.3 except for Sheridan (different scaling)  

13.2 Extreme Pressures 
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One of the claims made by some climate researchers is that with global warming the frequency of extreme weather events would
increase. However, when examining the absolute annual extreme SLP events for Cheyenne, Sheridan, Lander, and Rock Springs from
1948-1996 based on daily averages, one finds that high pressure extremes are trending towards lower pressure (no significance) while
low pressure extremes are trending towards higher pressure at the 95 percent significance level (Figure 13.10). These trends suggest a
lessening of the thermal gradient between the equator and higher latitudes at least in the northern hemisphere. With less conflicting air
masses, severe weather events are less likely to occur. On January 12, 1932 and January 10, 1962, Wyoming experienced its greatest
extremes in sea-level pressure in the 20th century. Figure 13.11 shows the surface weather map depicting the lowest pressure and
Figure 13.12 shows the highest pressure for those dates.  

  

Figure 13.10. Annual SLP extremes by year (1948-96) from daily pressure averages derived from Cheyenne, Sheridan, Lander, and 
Rock Springs. The extreme pressure events are dated. 
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Figure 13.11. Wyoming's lowest pressure recorded on January 12, 1932 103a 
 

When comparing average annual pressure trends no statistical significance was noted. However, both Cheyenne and Sheridan show a
0.47 mb and 0.64 mb increase while Lander and Rock Springs show a 0.67mb and 0.41 mb decrease respectively in annual average
SLP between 1948-1996. Also, comparing correlations between these four stations, the highest correlations were between Cheyenne 
and Sheridan, and Cheyenne and Rock Springs as noted in Table 13.A.  

  

Figure 13.12. Wyoming's highest pressure recorded on January 10, 1962 103a 
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13.3 Extratropical Low Pressure Systems 
As was shown in Figure 4.8, the number of low pressure systems passing within 100 km of Wyoming varies from less than 10 (1961-
63, 70, 78, 79, 83-85, 87, 90-92) to 38 in 1968 (Figure 13.13) and 40 in 1975 (Figure 13.14).  

 

Figure 13.13. Wyoming extratropical tracks (1967-68) 104 
 

Why is there such a large inter-annual difference with respect to the number of transiting low pressure systems across Wyoming?
Statistics reveal that correlations between the number of lows to various atmospheric indices105 such as ENSO (i.e., El Niño, La Niña) 
and PDO are not significant at the 95 percent level based on annual index averages. Perhaps global warming is masking any
relationships to a specific atmospheric index, or perhaps these indices interact with one another in highly complex non-linear ways 
thus making any comparisons to the number of transiting lows impossible. However, as noted in Figure 4.8, the trend for transiting 
lows is declining annually and this may be in response to global warming. 

Table 13.A. Pressure correlations between station pairs (1948-1996) 
Station Pairs R2 Station Pairs R2

Cheyenne-Sheridan 0.67 Sheridan-Lander 0.48 
Cheyenne-Lander 0.46 Sheridan-Rock Springs 0.35 
Cheyenne-Rock Springs 0.70 Lander-Rock Springs 0.51 
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Figure 13.14. Wyoming extratropical tracks (1975-76)  

103a#. http://docs.lib.noaa.gov/rescue/dwm/data_rescue_daily_weather_maps.html 

104#. http://www.giss.nasa.gov/data/stormtracks/  

105#. http://www.cdc.noaa.gov/ClimateIndices/  
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 Air Quality & Visibility 
14.1 General Description106, 107

 

When the Clean Water Act (1977, 1990), Clean Air Act (1970, 1990), and the Endangered Species Act (1973) were
introduced and subsequently amended by Congress, the national priority to provide citizens and wildlife with the
healthiest environment possible had important implications and ramifications for each state. Besides mandates to
better monitor all pollutants, states were directed to conform to new pollution standards as established by the
Environmental Protection Agency (EPA).  

  

Figure 14.1. Example of Cloud Peak Wilderness Area visibility comparisons  

Since then, many states have expressed dissatisfaction with the EPA on several counts. The first is that the federal
government limits the amount of funding it provides to states to meet these requirements (unfunded mandates), and
secondly, the pollution limits apply equally to all states although each state has unique attributes such as population
size, topography, types and amounts of industry, differing agricultural practices, and climate just to name a few. After
the 1970s, when researchers began touting global warming (the 1970s was an era when global cooling was in vogue),
the issue of increased greenhouse gases became the rallying cry for environmentalists. It has been believed that with
increased carbon dioxide (CO2) emissions, the earth would eventually warm like its sister planet, Venus, whose
atmosphere is composed largely of CO2 and is hotter than the melting point of lead. However, as was discussed in the
chapter on climate change, water vapor (H2O) probably has a greater influence on climate change through its
complex positive and negative feedback mechanisms. As the controversy and emotions escalate in the years to come,
the bottom line is that, if our quality of life is to be maintained or improved; conservation measures, development of
new renewable resources, and retrofitting existing industries to limit pollution are important considerations for
everyone.  

14.2 Manmade Pollution 
Despite the scientific and political issues surrounding pollution, Wyoming continues to have generally good air and
water quality. This is due to a low amount of introduced manmade aerosols, low quantity of natural water vapor and
airborne particulates, low population, and slow industrial growth. Even on poor visibility days, considerable distances
are achieved (Figure 14.1). As shown in Figure 14.2, Sweetwater, Laramie, and Natrona Counties had the highest
gross annual tonnage of emissions in 1999 while Hot Springs County had the lowest. "White" depicted counties had
no monitoring equipment in 1999. A further breakdown of the 263 industrial plants that emitted pollutants are shown
in Figure 14.3. Emission density maps showing Wyoming's various pollutants is depicted in Figure 14.4. Generally,
the highest concentration of aerosols and particulates are located over southeast Wyoming with SO2 confined to the 
southern half of the state. The Scorecard ranks counties by total tons per county rather than considering tons per
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square mile of a county's total jurisdictional land and water area. The emission gradesheets (Table 14.A.) which are
accessible through the website 111 consider county-by-county air emission densities in tons per square mile of the
following pollutants: CO (carbon monoxide), Pb (lead) compounds, NOx (nitric oxide), VOC (volatile organic 
compounds), (PM10) particulate matter less than or equal to 10 micrometers, (PM2.5) particulate matter less than or 
equal to 2.5 micrometers, NH3 (ammonia), SO2 (sulfur dioxide), total HAP (harzardous air pollution), and two
particular HAP's, namely diesel emissions and acrolein emissions. The grades are based on emission densities of
pollutant tons per square mile.  
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Figure 14.2. Wyoming total emissions by county (amount) and square mile (density) (1999)  
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Figure 14.3. Wyoming emission facilities and pollution monitoring sites108
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Figure 14.4. Wyoming pollutants as a function of density (1997-1998)  

For the first eight pollutants except lead and its compounds, (CO through SO2, except Pb), emissions are based on 

1999 data from the National Emission Trends (NET) section of the EPA's online database AIRData.109 Lead, total 
HAP, and acrolein are 1996 data, also from AIRData but under the section National Toxics Inventory (NTI). Diesel
emissions are 1996 data from the EPA Air Toxics Website.110 Diesel emissions top the list of air pollutants adding to 
cancer risk. Acrolein (CH2CHCHO, pronounced a-kro'-lee-in, "acrid+olein") is the dominant air pollutant for non-
cancer hazard. It is an air pollutant produced by forest and wildfires, open burns, structure fires, and as a combustion
by-product of gasoline, diesel, and jet engines. One can find related consideration of these pollutants at online
references. 111  

The ambient gradesheets (Table 14.B.) reflect 10 EPA standards for air pollutant concentrations. These concentration
limits are for various sampling periods from one hour to annually, and for six criteria air pollutants, namely CO, Pb,
NO2, Ozone (O3), PM, and SO2. Grade F means exceeding the EPA standard.  

Good air quality112 is necessary to avoid harmful health effects. According to the EPA, poor air quality causes visual
impairment (Figure 14.5), reduced work capacity, reduced manual dexterity, poor learning ability, difficulty in
performing complex tasks, neurological impairments, seizures, mental retardation, behavioral disorders, changes in
airway responsiveness, respiratory illness, susceptibility to respiratory infection, lung inflammation, aggravation of
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respiratory conditions, chest pain, cough, decreased lung function, increased hospital admissions, aggravation of
cardiovascular disease, and premature death. See Figure 14.6 for criteria list.  

Note that NO2 levels are usually so low that they pose little direct threat to human health. NO2 however is a concern 
because it plays a significant role in the formation of O3, particle pollution, haze, and acid rain.  

Table 14.A.: Wyoming county scorecard: emission gradesheets (1999) 

  

 
Table 14.B.: Wyoming county scorecard: ambient gradesheet (1999) 
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Figure 14.5. Example of Thunder Basin National Grasslands visibility comparisons. 
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Figure 14.6. National Air Quality Index standards  

14.3 Natural Pollution113
 

Not all pollution is manmade. Because Wyoming is the windiest state in the country, visibility can be frequently and
severely limited during times of smoke, haze, and blowing snow, dust113a, and sand. Besides spoiling a normally 
pristine mountain view, the radiative effects from dust events may temporarily affect solar electric generating
technologies that use collecting cells. Regional forest fires or long range transport of desert dust can trigger
temporary losses of beam and daily irradiation in excess of 30 percent.114 Atmospheric aerosol particles influence the 
earth's radiation balance both directly by scattering and absorbing solar radiation, and indirectly by acting as cloud
condensation nuclei (CCN). Increased aerosol and CCN concentrations lead not only to increased scattering of light
back to space, but also to higher cloud albedo. Enhanced CCN concentrations can also lead to increased cloud
lifetimes and delay or reduce precipitation events.  

In Figure 14.7, Figure 14.9, Figure 14.11, and Figure 14.13, horizontal visibilities for Casper, Cheyenne, Lander, and
Sheridan reveal that, on average, visibilities are much greater than experienced in the eastern half of the US.
Generally, mountains in the distance serve as range markers. As a result, measurements are grouped at specific
visibility distances. In Figure 14.8, Figure 14.10, Figure 14.12, and Figure 14.14, the average broadband aerosol
optical depth frequencies for Wyoming's four first class weather stations show that in winter, the air is frequently
quite clear. Conditions can deteriorate in the summer, although this happens infrequently.  
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Figure 14.7. Casper horizontal visibility frequency (%) based on hourly observations (1961-1990) (in miles) 
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Figure 14.8. Casper broadband aerosol optical depth frequency based on hourly data (1961-90)  
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Figure 14.9. Same as Figure 14.7 except for Cheyenne (note different scaling) 
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Figure 14.10. Same as Figure 14.8 except for Cheyenne (note different scaling) 

Page 12 of 19Wyoming Climate Atlas

11/7/2013http://www.wrds.uwyo.edu/sco/climateatlas/quality.html



Figure 14.11. Same as Figure 14.7 except for Lander 
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Figure 14.12. Same as Figure 14.8 except for Lander. 
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Figure 14.13. Same as Figure 14.7 except for Sheridan 
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Figure 14.14. Same as Figure 14.8 except for Sheridan (note different scaling)  

14.3.1 Atmospheric Aerosols115
 

Particles less than 100 microns in diameter are referred to as aerosol particles. These are aerodynamically stable and
settle out slowly from the atmosphere. Smaller particles (approximately 1 micron) fall so slowly that they can take
days or years to settle out of a quiescent atmosphere. For a turbulent atmosphere they may never fall out; however,
they can be washed out by rain in a process called rainout or washout, leading to wet deposition onto the earth's
surface.115a  

The mean number of days by month with obstruction to vision based on atmospheric aerosols for Casper, Lander, and
Sheridan is summarized in Table 14.C. Fog, smoke, haze, blowing snow, dust, and sand are used in this compilation.
Obstructions to vision are less frequent during mid-day and during the summer months, when temperature inversions
are minimal.  

14.3.2 Fog 

The number of days with fog are quite low across the lower elevations of Wyoming. Cheyenne has the largest

Table 14.C. Average frequency (percent) by month with obstruction to vision  
from aerosols for Casper (1950-1990), Lander and Sheridan (1948-1990).  

   JAN  FEB  MAR  APR MAY  JUN JUL AUG  SEP OCT  NOV  DEC 
CASPER  1.8  2.6  3.2  3.0 2.3 0.8 0.3 0.3 1.4 1.8  2.0  1.8 
LANDER  1.5  1.4  0.6  0.7 0.6 0.2 0.1 0.1 0.5 0.7  1.6  1.4 
SHERIDAN  2.4  2.3  2.8  1.8 0.7 0.6 0.2 0.2 1.1 1.0  2.2  2.3 
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number of days with fog due in part to up-slope wind conditions when high pressure is situated to the north of the
state. The summer rarely sees fog while the greatest frequency generally occurs in the spring. In Table 14.D., the
monthly and annual number of days with reported fog is provided for the state's first order weather stations. Fog
occurs quite often at higher elevations when mountains are embedded in clouds. Fog is essentially clouds that touch
the ground. With radiational heating after sunrise, fog is known to burn-off. When air is completely saturated at 100 
percent relative humidity, fog results. If this parcel of moist air is heated by the sun, through warm air advection,
compressional heating, or vertical mixing with drier air aloft, the relative humidity drops and the fog dissipates.  

* denotes <0.5 days  

14.3.3 Blowing Snow115b
 

When the ground is completely snow covered, a motorist's visibility varies with wind speed in a predictable way
(V=1.1 * 108 / U10

5) where V is visibility in meters, and wind speed measured at 10 m (33 ft) (U10) in meters per 
second. Visibility in blowing snow conditions is therefore approximately inversely proportional to the fifth power of
wind speed. Because visibility is so sensitive to wind speed, fluctuations in wind speed makes driving in blowing
snow hazardous. Over a period of 10 minutes, wind speed typically various 30 to 50 percent from the average, which
causes extreme variations in visibility. For example, in Table 14.E, if wind speed averages 60 km/h (37 mph) with a
variation of +/- 40 percent, visibility could vary from 1100 m (3609 ft) to 16 m (52 ft).  

Table 14.E. Visibility vs 10 m wind speed for unlimited snow on the ground and without precipitation, assuming a 

Table 14.D. Monthly number of days with fog for Casper, Cheyenne, Lander, and Sheridan 
(1992-2002)  
   JAN  FEB  MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC  ANN 
CASPER  1  1  1  1 1 * * * 1 1 1  1  9  
CHEYENNE  1  2  3  3 3 2 1 1 2 2 2  1  24 
LANDER  1  1  *  * * * 0 * * * 1  1  4  
SHERIDAN  1  1  1  * * * * * * 1 1  1  6  
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40 percent gust factor   

106#. http://creativemethods.com/airquality/emission/ 

107#. http://creativemethods.com/airquality/maps/wyoming.htm  

108#. http://www.epa.gov/air/data/pltmon.html?st~WY~Wyoming  

109#. http://www.epa.gov/air/data  

110#. http://www.epa.gov/ttn/atw/nata/tablemis.html  

111#. http://www.scorecard.org/ and http://www.scorecard.org/ranking/ 

112#. See, CD: 14_Air Quality, text, Air_Quality_Index folder for number of county days with air quality 1993-
2002. 

113#. http://vista.cira.colostate.edu/improve/Overview/Overview.htm  

113a#. http://www.state.sd.us/denr/DES/AirQuality/NEAP/neapalert.htm  

114#. http://solardata.uoregon.edu/download/Papers/ChinasDustAffectsSolarResourceintheUSACaseStudy.pdf  

115#. AMS Weather Glossary: http://64.55.87.13/amsedu/wes/glossary.html  

115a#. http://nadp.sws.uiuc.edu/  
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115b#. Courtesy of Tabler and Associates: http://www.tablerassociates.com/images/NoMoreBS.pdf  
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Upper Air Climatology 
15.1 General Description 
Wyoming's upper level climate data are limited to rawinsonde (balloon soundings) taken twice daily at Riverton and
by an atmospheric profiler with soundings taken at six-minute intervals at Medicine Bow. Upper air data combined
with satellite sounding measurements are used in conjunction with surface weather reports to generate numerical
weather forecasts. The aviation community is particularly interested in these forecasts for potential turbulence and
icing conditions.  

Winds aloft increase in velocity with height and are strongest in the winter and weakest in the summer. The Climate
Diagnostics Center has a valuable website that allows users to input various time periods and pressure levels to create
customized charts.116  

Examples of annual wind vectors for various mandatory levels from 1948-2002 are shown in Figure 15.1 (1000mb), 
Figure 15.2 (850mb), Figure 15.3 (700mb), Figure 15.4 (500mb), and Figure 15.5 (400mb).  

  

Figure 15.1. North American vector winds at 1000 mb (1948-2002) in m s-1
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Figure 15.2. North American vector winds at 850 mb (1948-2002) in m s-1 
 

  

Figure 15.3. North American vector winds at 700 mb (1948-2002) in m s-1
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Figure 15.4. North American vector winds at 500 mb (1948-2002) in m s-1 
 

  

Figure 15.5. North American vector winds at 400 mb (1948-2002) in m s-1 
 

15.2 Rawinsonde 
Although Normals are not usually computed for upper air, Table 15.A. provides a summary of the average annual
meteorological elements taken between 800 mb and 500 mb at 00UT and 12UT for Riverton/Lander from 1961-90 
(over 21,000 reports). Note that the late afternoon values (00UT, universal time or 5PM Mountain Standard Time)
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reveal generally higher temperatures, lower relative humidity, slightly more westerly wind, and higher average wind
speeds than the 12UT (5AM MST) soundings. The monthly averages are shown graphically in Figure 15.6, Figure
15.7, Figure 15.8, and Figure 15.9.  

ResDir = (Resultant Direction), ResSpd = (Resultant Speed), U-Vel = (Horizontal Velocity),V-Vel = (Vertical 
Velocity), AvgSpd = (Average Speed) 

  

Figure 15.6. Riverton/Lander rawinsonde air temperature (celsius) climatology (1961-1990). 00UT and 12UT 
soundings have been averaged.  

Table 15.A. Riverton/Lander upper level soundings annual averages at 00UT and 12UT (1961-1990).
Pres  Height  Temp  R.H.  Tdew  ResDir  ResSpd  u-vel  v-vel  AvgSpd  
mb  m  deg C  Pct  deg C Deg N ms-1 ms-1 ms-1  ms-1  
00UT 
850  1468.0                     
800  1975.7  9.5  36.9  -6.4 272.5 1.7 1.7 -0.1  4.3  
750  2506.7  5.7  39.3  -8.9 276.4 2.6 2.6 -0.3  5.1  
700  3067.9  1.5  42.8  -11.3 275.6 4.4 4.4 -0.4  6.7  
650  3659.1  -3.0  47.0  -14.0 276.4 6.5 6.5 -0.7  8.9  
600  4289.1  -7.6  49.2  -17.7 279.1 8.5 8.4 -1.3  11.6  
550  4959.0  -12.3  47.4  -22.6 279.5 10.1 10.0 -1.7  13.9  
500  5682.2  -17.3  43.8  -28.4 278.1 11.4 11.3 -1.6  15.8 
12UT 
850  1485.8                     
800  1982.1  5.3  48.5  -6.1 270.6 1.1 1.1 0.0  2.7  
750  2506.8  3.0  47.2  -8.7 285.5 2.3 2.2 -0.6  4.3  
700  3063.3  -0.3  47.3  -11.7 282.2 4.8 4.7 -1.0  6.9  
650  3651.1  -4.2  48.4  -14.9 281.7 7.4 7.3 -1.5  10.0  
600  4278.8  -8.3  47.6  -19.0 281.6 9.5 9.3 -1.9  12.8  
550  4947.1  -12.8  45.3  -23.7 279.9 10.6 10.5 -1.8  14.6  
500  5668.9  -17.9  42.9  -29.1 278.2 11.6 11.5 -1.7  16.1  
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Figure 15.7. Riverton/Lander rawinsonde relative humidity (celsius) climatology (1961-1990)  

  

Figure 15.8. Riverton/Lander rawinsonde resultant wind direction climatology (1961-1990)  
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Figure 15.9. Riverton/Lander rawinsonde resultant wind speed (m s-1) climatology (1961-1990) 
 

15.3 Atmospheric Wind Profiler117
 

Wyoming's only atmospheric wind profiler is located in Medicine Bow. The wind profilers in the NOAA Profiler
Network (NPN) operate continuously, alternating sampling modes every 1 minute between a low or high mode, and
switching beam positions (eastward, northward, or vertical) every 2 minutes. Each mode contains 36 range gates
(sampling heights), spaced every 250 m in the vertical (Figure 15.10 and Figure 15.11). The low-mode samples the 
lower atmosphere, beginning at 500 m above ground level (AGL) and continues to 9.25 km AGL. The high mode
slightly overlaps the top of the low mode, beginning at 7.5 km AGL and extends to a maximum height of 16.25 km
AGL.  

A comparison of winter (January) and summer (July) profiler wind direction and speed (1992-2001) shows a large 
difference in the frequency of occurrences. Although westerly winds predominate, there is a higher frequency of low-
level westerlies in winter (Figure 15.12) than in summer (Figure 15.13). January wind speeds (Figure 15.14) are more
than twice as strong as in July (Figure 15.15) and the frequency of low level winds of 30 mph is nearly three times as
frequent in January. When comparing annual wind speeds118, there appears to be a measurable decrease in winds 
between 1992 and 2001 (Figure 15.16), although some inter-annual variability has been noted during this period. The 
slackening of winds may be reflecting a weakening of the thermal gradient between latitudes as the earth continues to
rebound from the Little Ice Age that ended about 250 years ago. 
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Figure 15.10. NOAA's Atmospheric Profiler components 
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Figure 15.11. Photo of the Medicine Bow atmospheric profiler  
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Figure 15.12. Medicine Bow wind profiler January wind direction frequency (1992-2001) based on hourly soundings 

Figure 15.13. Same as Figure 15.12 except for July 
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Figure 15.14. Medicine Bow wind profiler January wind speed frequency (1992-2001) based on hourly soundings 
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Figure 15.15. Same as Figure 15.14 except for July. Note the different frequency scale intervals.  
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Figure 15.16. Medicine Bow profiler annual wind speed frequency comparison based on hourly reports (1992 and 
2001)  

116#. http://www.cdc.noaa.gov/cdc/data.ncep.reanalysis.html#pressure 

117#. http://www.profiler.noaa.gov/npn/profiler.jsp  

118#. CD: upper_air, graphs, Medicine_Bow_profiler folders  
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Home Weather StationsA

16.1 Introduction 
Open any weather or popular science magazine and you will find several ads for state-of-the-art affordable weather stations. Combined with sophisticated software, 
weather data can now be collected every minute and displayed on your computer in real time in striking customized graphic formats (figure 16.1). All that is required is
sufficient open space between your house and your weather sensors (figures 16.2. and 16.3). Many stations are sold in wireless versions, thus simplifying installation. The
accuracy of these sensors usually falls within a degree or two, depending on temperature or within five percent of actual relative humidity. This equipment however
provides enough accuracy to ensure a good quality climate dataset over time. The good news about the data is that it can be collected and stored (i.e., simple data logger
(Figure 16.4)) for long periods without the need to have your computer on 24/7. Downloading this record to your computer’s hard drive is as simple as a matter of a few 
clicks with your mouse.  

  

Figure 16.1. Weather station computer monitor  
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Figure 16.2. Weather station looking west from inside my house  

  

Figure 16.3. Weather station looking east towards house  
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Figure 16.4. Davis Instruments weather logger  

Unlike daily weather station records from the National Weather Service that are summarized hourly on the internet, higher frequency weather data from home weather 
stations provide interesting and perhaps important clues as to the characteristics of local (micro) weather and climate. For example, how does local terrain effect wind
turbulence (gustiness) and wind direction? Does the times of daily wind shifts relate to valley-mountain breezes? How is temperature a function of cloud cover or wind 
speed? Just how strong was that cold front that moved through your area? Over time these relationships can be modeled in terms of a simple statistical relationship.
Wouldn’t it be interesting to know how much variation in average wind speed verses maximum gusts are during various time intervals and if this relationships vary over
time?  

Of course, with 1440 minute observations per day, one would acquire over half a million values for temperature, humidity, pressure, wind direction and speed, and
precipitation in a year. To manage these large datasets, computer spreadsheets (i.e., EXCEL) become essential. In the next section, examples of the different ways weather
data that can be plotted are shown. While the relationships between weather elements can seem endless, nature does provide some clues (e.g., causes and effects) as to how
our atmosphere works. Exploring this part of nature is challenging but also a lot of fun.  

16.2 Weather Data 
Home weather stations usually have a basic array of sensors. These include outside temperature, humidity, wind, and pressure components. For additional cost, one can
easily add a precipitation gauge, radiometer (measures solar energy), soil temperature and moisture probes, and indoor temperature and humidity instruments. From these
data, derived weather elements (e.g. dew point temperature, heat index, wind chill index, resultant wind directions, etc.) can also be acquired. While plotting data in a time
series is typically the way it is summarized, knowing how often, say the temperature reaches or exceeds 50 degrees, can also prove useful, especially when planting is
concerned. The examples that follow are just a small sample of ways that weather data can be displayed and ultimately use.  

16.2.1 Temperature 

My dedicated “weather” computer and data logger are located in my unheated basement with only a southwest facing window to heat the area during the late afternoon. As
noted in figure 16.5, the indoor and outdoor temperatures tend to lag one another. The basement must be well insulated because the daily and monthly temperature range
varied little and appears to not be greatly influenced by large temperature fluctuations and extremes that occurred outside. This effect is to be expected since the basement
is mostly in the ground where deeper ground temperature varies little throughout the year. Caves usually maintain a near constant temperature year round and hover near
the annual average outside temperature provided that there is no significant exchange of inside and outside air. 
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Figure 16.5. Example of a time series of indoor and outdoor temperatures  

In figure 16.6, the frequency of outside temperatures for March 2005 as taken on the minute, five, 10, 15, 20, 30, and 60 minute marks reveals little variation within each
temperature bin. Of course, taking readings only once per hour will miss minor variations in temperature within that hour, but still it is interesting that variation in
frequency between one and 60 minutes is usually within a two percent range.  

  

Figure 16.6. Example of integrated outside temperatures from one to 60 minute readings in three degree F bins  

To illustrate this point further, Table 16.A shows how taking the traditional average daily temperature (i.e. (maximum + minimum)/2) is actually a close approximation to
taking temperatures every minute or every hour and averaging the results. The integrated temperatures on the 8th and 20th of April show the greatest departures from the
normal average temperature. During the month, these differences are less than half a degree on average (cooler in this case). There are several factors that cause these
differences but over time could signal a change in cloud cover or wind speed. Figure 16.6a shows this graphically and compares March and April 2005 integrated
temperatures compared to standard daily average temperatures.  
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Table 16.A. Daily average integrated temperature (one to 60 minutes) and their departures from average daily temperatures
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Figure 16.6a. Comparison of integrated temperatures from one to 60 minutes for March and April 2005 at Laramie 6.3 NNE as compared to standard daily average 
temperature (max+min)/2.  

Another interesting exercise when monitoring temperatures is timing of frontal passages. Temperatures can rise or fall several degrees within minutes and is usually,
although not always accompanied by changing humidity, wind direction and strengthen, and pressure. In Table 16.B, the greatest temperature changes during March 2005
show that most occurred as temperature falls. During the greatest event on March 12, the minute by minute changes first occurred in wind direction followed shortly by
temperature and humidity.  
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Table 16.B. Large short term temperature changes during March 2005 for WY-AB-3 (Laramie 6.3 NNE). Arrows follow changing weather elements.  

16.2.2 Relative humidity 

In the Rocky Mountains, relative humidity is generally low throughout the year. In the summer, this condition allows for warm comfortable days and cool air condition free
nights. During March, several weather systems move through Wyoming resulting in rapid shifts in humidity. As noted in Figure 16.7, integrated humidity values from one
minute to one hour shows the highest frequency of values in the 60 to 65 percent bin. As with the integrated temperature chart (Figure 16.6), there is usually less than 0.5%
difference between integrated values across the hour time sampling. In the 45 to 50 percent bin, the greatest difference (1.2%) between integrated periods probably reflects
rapidly changing humidity from wetter to drier or vice versa. Note the rarity of extreme humidity events. This might be due in part to the humidity sensor’s accuracy at the 
ends of its measuring range (i.e. accuracy falls off dramatically in very dry air).  

  

Figure 16.7. Example of integrated relative humidity from one to 60 minute readings in five percent bins
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16.2.3 Wind 

There are three types of wind speed measurements that are available with home weather stations. The first is simply the actual instantaneous wind on the minute. The
second is the average wind over a given period of time (sampling approximately every 7.5 seconds with my station). The third is recording the highest peak gust during a
given period, again sampled every 7.5 seconds. Statistics should show that approximately 12.5% of the time, the highest gust should fall on the minute. As noted in Figure
16.8, this approximation does indeed occur. However, the peak gust is usually a few miles per hour higher during a given minute than what is recorded on the exact minute.
This distinction is noted because some data loggers cannot record average wind speeds and peak gusts or is depended on supporting software capabilities. My equipment
cannot record some data except when the data is downloaded directly to my computer’s hard drive. To save on power, I generally keep my computer turned off unless I 
anticipate a strong windy period. My data logger is capable to storing about 1500 weather readings before downloading is required. This means that if I want one minute
data, I need to download these data to my computer daily. If I collect one hour data, I don’t have to download the data logger for more than two months. The data logger is 
a reliable backup when there is a power outage (usually runs on 9-volt battery).  

  

Figure 16.8. Frequency of peak gusts minus wind speed measured on the minute for March 2005 at Laramie 6.3 NNE  

When comparing the difference of peak gusts verses average winds during a one minute period, it is interesting to note that peak winds and average winds are seldom
equal. This suggests the turbulent nature of wind. In Figure 16.9, the graph shows that gusts are most frequently 2 mph higher than average winds although it is not
uncommon for gusts to be 6 mph or higher than average winds. During the summer, thunderstorms and dry micro bursts caused gusts can be 20 or 30 mph more than the
average winds for short periods.  
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Figure 16.9. Frequency of peak gusts minus average one minute wind speeds for March 2005 at Laramie 6.3 NNE  

However, in all fairness to statistics, Figures 16.8 and 16.9 were computed using all wind speeds. The NWS, on the other hand, defines a wind gust as "the maximum
instantaneous speed in knots in the past 10 minutes ..." (when there is a rapid fluctuation "in wind speed with a variation of 10 knots or more between peaks and lulls."). 
Additionally, wind speed is defined as the "2-minute average speed in knots ...". Figure 16.9a attempts to better show this by using the minimum gust criteria of 12 mph or
higher. However, one minute vice two minute winds were used in this example.  

  

Figure 16.9a. Frequency of peak gusts minus average one minute wind speeds (blue curve) and peak gusts minus instantaneous wind on the minute (red curve) for April 
2005 at Laramie 6.3 NNE. Note the better distribution of data than shown in Figures 16.8 and 16.9.  

Using a scatter diagram of 25,303 one minute events, a very strong correlation exists between peak winds and average winds (Figure 16.10). With a large enough sample,
for my house, gusts are generally 21% higher than average one minute winds. An interesting experiment would be to see if this relationship holds for longer periods. Are
10 minute average winds still 20% less than peak gusts measured during this interval? The answer might surprise you. 
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Figure 16.10. Scatter diagram showing the relationship between peak gusts and average winds during March 2005 at Laramie 6.3 NNE  

It is interesting to note that the frequency of instantaneous winds on the minute to 60 minute mark shows similar values (Figure 16.10a). Also note that one in 20 hours
experienced calm winds during this particular month.  

  

Figure 16.10a. Frequency distribution of wind speed as a function of integrated periods from one to 60 minutes in bins of 5 mph. The frequency of calm winds is also 
provided.  

In Figure 16.11, March’s winds reveal a large amount of variation by day and by hour. During the windiest day in March 2005, I attempted to quantify wind data in more
detail. In Figure 16.11a, the actual time series of minute peak gusts and average wind speed is shown. Note that the difference in speeds is greatest with the highest winds
as expected from Figure 16.10. The frequency distribution of peak gusts and average wind speed is shown in Figure 16.12. Also note that gusts are more frequent for winds
greater than 30 mph than average winds at this speed.  
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Figure 16.11. Time series of peak gusts and average wind speeds for March 2005  

  

Figure 16.11a. Time series of peak gusts and average wind speeds on March 17, 2005
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Figure 16.12. Frequency distribution of peak gusts and average winds on March 17, 2005  

In Figure 16.13, wind direction frequency for March 2005 shows that the highest frequency of winds comes from the south-southeast to south. While the integrated periods 
from one to 60 minutes fall within 1.5% of one another in each 22.5 degree bin, the ratio of these extremes range over 15% for eight of the 16 bins. This artifact is cause by
bins that have lower overall frequencies. Another words, there is more variation with integrated periods when there is a smaller sampling of data (or occurrences).  

  

Figure 16.13. Frequency distribution of wind direction as a function of integrated periods from one to 60 minutes in bins of 22.5 degrees. The frequency of calm winds is 
also provided.  

16.2.4 Pressure 
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When you receive your weather station, you will need to adjust your barometer to compensate for elevation. If you live near a National Weather Service reporting station,
you can use their reading to approximate yours. Since your weather station’s pressure sensor can be affected by environmental factors such as wind and temperature, it
might be difficult to achieve an exact matching pressure with these nearby weather stations. However, once you arrive at a close approximation, your pressure trends
should follow closely with those of the National Weather Service.  

Because pressure changes much more slowly than other weather elements, integrated values over one minute to one hour show nearly identical frequencies when compared
in discreet bins (Figure 16.14). The highest frequency (corrected for sea-level) is pretty close to average sea-level (30.00 inches) as would be expected. The near bell shape 
distribution is also expected since more intense low and high pressure systems are also less frequent in nature.  

  

Figure 16.14. Frequency distribution of pressure as a function of integrated periods from one to 60 minutes in bins of ~0.07 inch  

16.3 Weather by the Hour 
Just as is shown in the National Climate Data Center’s Local Climate Data summaries, averages by the hour can be calculated from the data you acquire with your home
weather station. In Table 16.C., an example of my March 2005 summary shows that winds peaked around 3PM and that minimum and maximum temperatures occur
around sunrise and sunset, respectively. On the other hand, sea-level pressure showed little difference throughout the day. By looking at these types of compiled data, one
starts to get an appreciation of the weather cycles for a given area. No wonder why people who live off the land can sense a change in the weather.  

  

Table 16.C. Monthly averages by the hour for WY-AB-3 (Laramie 6.3 NNE). Highlights show maximum and minimum values during the day for March 2005.  

16.4 Weather Events (Micro Climate and Synoptic Events) 
Climate at a local scale is influenced by terrain, ground cover, and how the land is use. For example, in an urban environment, traffic, buildings, and even subways create
what is known as a “heat island effect”. In a rural setting, temperatures will be cooler (on average) than in cities as a result of less mass for the sun to absorb and reflect (re-
radiated) energy back out into the surround area. Micro climates on the other hand are affected by current weather conditions. 
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We know that under clear skies with calm winds, temperatures will be colder at night then when skies are cloudy with moderate winds. This is clearly illustrated in Figure
16.15. Temperatures remain quite warm for mid April until winds rapidly drop around 4:40AM. In 30 minutes, the temperature falls more than 10 degrees. Minutes later,
the temperature rebounds with light winds but fall further as winds become calm again. Between 6AM and 8AM, the temperature fluctuates in response to winds that are
mixing warmer air aloft with the colder air at the surface. However, the dip in temperature between 8:05AM and 8:25AM is counter intuitive based on earlier observations.
The lag response time between wind change and temperature change may be the cause of these unexpected observations or that the air near the surface was mixed out to a
colder uniform temperature. Finally, the impact of the rising sun causes the temperatures to rebound upward independent of wind speed.  

  

Figure 16.15. Example of shallow stratified near surface atmosphere and how temperature responds to wind mixing  

In another example, a dry cold front moved through southeastern Wyoming on the afternoon of April 8, 2005. Storm force winds persisted over the Laramie Valley for
nearly 30 minutes (4:23PM to 4:53PM). Figure 16.16 shows that winds recorded on the minute where probably on average in excess of 70 mph based on Figure 16.8
findings. These events usually last for just a few minutes in summertime thunderstorms. The fact that little precipitation fell suggests that the period of long duration strong
sustained winds might have been caused by evaporative cooled downdrafts. Having lived at this location for two and a half years and not experienced a similar weather
event, I could speculate that the weather conditions that afternoon were quite unusual. Except for a little wind driven dirt on my windows, there was no property damaged. 
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Figure 16.16. Example of a high wind event on April 8, 2005, 6.3 miles north-northeast of Laramie  

When an active cold front moves across an area, there is usually precipitation in the vicinity of the front, rapid falling temperature, rapid increase in pressure, and wind
shift. In Figure 16.17, this was clearly the situation on the morning of May 8, 2005 starting around 1:30AM.  

  

Figure 16.17. Example of a cold front passage at Laramie 6.3 NNE  

A#. http://mywebpages.comcast.net/dshelms/CWOP_Guide.pdf 
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APPENDIX 
The following appendices are best accessed via the internet at the links as follows:  

Appendix A 
1971-2000 Temperature and Precipitation Climate Normals: 
http://www.wrds.uwyo.edu/sco/data/normals/normalmap.html 

1971-2000 Monthly Station Climate Summaries: 
http://www.wrds.uwyo.edu/sco/data/normals/clim20.pdf 

Appendix B 
1971-2000 SNOTEL and Snow Course Climate Normals: 
http://www3.wcc.nrcs.usda.gov/nwcc/sweavg.jsp?state=WY and 
ftp://ftp.wcc.nrcs.usda.gov/data/snow/snow_course/wynow.txt.  

Appendix C 
Wyoming Record 1-Day, 2-Day, and 3-Day Snowfall: 
http://www.ncdc.noaa.gov/ussc/SCoptions?state=1111&short=48 .  

Appendix D 
Wyoming Station Inventory (Metadata): 
http://www.wrcc.dri.edu/inventory.html and http://www.wrcc.dri.edu/inventory/sodwy.html.  

Appendix E 
Unit Conversions: 
http://www.martindalecenter.com/Calculators3A_1_Ast.html#ASTR-JUL calendar converter
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http://blightcast.coafes.umn.edu/JulianDay.htm Julian Day converter
http://www.srh.noaa.gov/elp/wxcalc/wxcalc.shtl weather calculator 
http://www.thecoolroom.org/education/conversions.htm another weather calculator 
http://www.nodc.noaa.gov/dsdt/ucg distance calculator 
http://wahiduddin.net/calc/calc_da_rh.htm density altitude/ relative humidity 
http://www.calculator.org/properties/velocity.prop velocity conversions 
http://www.nws.noaa.gov/om/windchill/index.shtml windchill index 
http://www.windpower.org/en/tour/wres/shelter/index.htm wind shade calculator (interesting)!  
 

Appendix F 
Wind Load Conversions:  
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