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CLIMATE PROFILE FOR THE McCALLUM EMRIA STUDY AREA 

I. INTRODUCTION 

Reclamation of mined lands is highly interdisciplinary, drawing on 

the knowledge and expertise from a wide variety of technical fields 

ranging from geology to agronomy. Climate is one of the important inputs 

which plays a major role in reclamation. 

Several aspects of climate influence reclamation activities. The 

degree to which climate affects reclamation is determined by the climate 

itself. However, the degree to which reclamation activities are under-

taken in accord with the climate depends more on the amount of informa-

tion available and the form in which the information is made available. 

Climatic conditions in the North Park area of Colorado provide 

definite limitations. This climate profile is intended to give a descrip-

tion of the climate near the McCallum site, place it in perspective, 

review available climatic data, illustrate the important aspects of 

climate for reclamation, and provide recommendations for reclamation 

activities. 



II. RECOMMENDATIONS 

The climate profile for the McCallum Study Area leads to the fol-

lowing recommendations. 

• The annual and seasonal precipitation contour maps for Colorado 
(prepared by the U.S. Weather Bureau in the l960 1 s and disseminated 
by the Colorado Water Conservation Board} should not be used as the 
standard reference for North Park precipitation information. 

• Precipitation observations should be continued at the McCallum Study 
Area to establish, with certainty, the local precipitation climate. 
Collection of other data on site, such as daily maximum and minimum 
temperatures, wind speed and direction, and humidity would also be 
desirable. 

• Lack of precipitation will be the factor most limiting to revegeta-
tion efforts. 

--The reclamation strategy should include plans and resources 
for multiple seeding attempts since the establishment of veg-
etation is likely to fail frequently. If this is unacceptable, 
the application of supplemental water should be considered. 

--Mulching, additional topsoil, and special shaping and contour-
ing of the land surface should be considered for increasing 
soil moisture capacity and storage capability. 

• Fall seeding (for spring germination) is preferred to take full 
advantage of spring precipitation for plant establishment. Dates 
for fall seeding should be based on seed germination requirements. 
Efforts should be made to delay seeding to avoid warm periods which 
could cause premature germination. 

• The combination of extreme cold, high winds, very dry air, warm 
daytime temperatures and lack of snowcover will cause winterki11 
for some young plants. Increasing the surface roughness and en-
hancing snow accumulation will minimize the winterkill problem. 

• High wind conditions will occur several times each winter. Snow 
fences may be required to protect ridges subject to wind erosion 
and desiccation. 

• Considerably more extensive plant species sensitivity data should 
be acquired to better define plant-climate couplings and to place 
vegetation selection for reclamation on a sounder scientific basis. 
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III. McCALLUM CLIMATE IN PERSPECTIVE 

A. Geographical Factors 

The McCallum Study Area is located in north central Colorado at a 

latitude of 40° 44' N and a longitude of 106° 7' W. The site has an 

interior continental location situated in a very broad, high-elevation 

mountain valley east of the Continental Divide. 

The broad valley surrounding the McCallum Study Area is known as 

North Park, a wide, open expanse of land surrounded by higher mountains. 

Four major ranges enclose the park: the Park Range to the west, the 

Rabbit Ears Range to the south, the Medicine Bow Mountains to the east, 

and the Independence Mountains to the north. The Continental Divide 

runs southward from Wyoming along the crest of the Park Range and turns 

eastward across the Rabbit Ears Range before turning back to the south 

near Cameron Pass at the southeast end of North Park. 

The park is approximately 25 miles wide and is drained by the North 

Platte River and several major tributaries. The North Platte flows 

northward through a gap between the Independence and the Medicine Bow 

Mountains into Wyoming. Elevations within the park are generally between 

7,900 and 8,500 feet above sea level while the surrounding mountains 

rise to above 10,000 feet in most directions. The city of Walden lies 

in the center of North Park and is the only population center in the 

area. 

The McCallum Study Area is situated 8 miles east of Walden and only 

about 5 miles from the base of the Medicine Bow Mountains at the eastern 

edge of North Park. The terrain slopes gently downward to the east and 

north toward the Canadian River Valley. The Canadian River flows to the 

north northwest right at the foot of the Medicine Bow range. 

3 
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B. Temperature 

The lat~ge-scale geograph~cal features have a pronounced effect on 

the climate of North Park and the McCallum site. Because of its mid-

latitude, continental location, seasonal variations in temperature are 

well pronounced. Monthly average maximum, minimum, and mean temperatures 

along with daily temperatur~e extremes for Walden are shown in Figure 1. 

Walden experiences a large seasonal range in temperature ranging from 

a mean January temperature of 15°F to a monthly mean temperature of 

59°F in July. Day to ni-ght (diurnal) temperature variations are also 

large because of the high elevation of the area and the interior 

mountain-valle~{ location. During the winter months the diurnal tempera-

ture range aver·ages 25 degrees F, but this increases to nearly 40 

degrees in mids.ummer to early fall. 

Extremely cold nighttime temperatures occur with regularity. Tem-

peratures of -?0°F and colder occur every year at Walden. The coldest 

temperatures u~;ually occur in January and February. Figure 2 shows the 

average number of days each year when temperatures are at or below cer-

tain levels. Temperature of 0°F and below have occurred in all months 

except May through August. Even in midsummer, below freezing tempera-

tures can occur. The average freeze-free period for Walden, shown in 

Table 1, is only 33 days with July and early August being the least 

likely period for experiencing sub-freezing temperatures. However, 

daytime temperatures stay well above freezing throughout the summer 

season, and daily maximum temperatures of 32°F and below occur on an 

average of 75 dCiys per year. Due to its high elevation location, 

extremely warm temperatures are very rare. The all time highest 



lJ... 
0 

w 
n: 
:::> 
1-
<{ 
0:: w 
Q_ 

2 
w 
1-

100° 

80 ..... 

60. . . . . 

r I I I n u II 
40 

I il II II II 'T' I 

20~ ~ ~ ~ I 1 
• 

0 

-20 

-40 

~ .. . . 

II II H II 
I I T II 

L I 
I 
I I 

~ 

HIGHEST DAILY 
MAXIMUM 

I 
MONTHLY AVERAGE 

II MAXIMUM 

~ MONTHLY MEAN 
TEMPERATURE 

MONTHLY AVERAGE 
MINIMUM 

LOWEST DAILY 
MINIMUM 

1 I 1 1 I I I 0 I I I I I I 
-60 I - -- - M J J A s 0 N D 

MONTHS 

Figure 1. ~1onthly average maximum, minimum and mean temperatures 
and daily extremes for Walden, Colorado, 1938-1979. 

U1 



0 AVERAGE NUMBER OF DAYS WITH MINIMUM TEMPERATURES ~ 32° F 

CJ AVERAGE NUMBER OF DAYS WITH MAXIMUM. TEMPERATURES ~ 32° F 

~ AVERAGE NUMBER OF DAYS WITH MINIMUM TEMPERATURES ~ oo F 

30 

(/) r 
<:( 20 
0 

LL 
0 

I~ 1::::1 I I I I I I I I I I I I 
a:: I 0 w 
(!) 
~ 
:::> z 

0 
J F M A M J J A s 0 N 

MONTH 

Figure 2. Average number of days with temperatures equal or below specified 
threshold values for Walden, Colorado, 1948-1975. 

1::::1 

0 

0'1 



7 

Table 1. Spring and fall freeze statistics and freeze-free 
periods for Walden, Colorado. (From Benci and 
McKee.) 

SPRING FREEZE FALL FREEZE FREEZE-FREE PERIOD 

Mean Last Mean First 
Station PF Date SO'* Date Date SO'* Date Mean SO'* Max. 

Walden 32 7-05 12.1 7-20 8-07 11.9 7-21 33. 18.7 58. 

28 6-16 14.7 7-09 8-22 1 3. l 7-28 67. 19.8 117. 

24 5-29 12.8 7-01 9-06 9.2 8-22 100. 15.3 122. 

20 5-14 7.3 5-28 9-11 1 l. 5 8-22 120. 11.5 147. 

16 5-04 10.6 5-19 9-26 10.2 9-09 145. 9.7 161. 

SO'* = Standard Deviation 

SPRING FALL 

Probability That Probability That 

(DAYS) 

Min. 

1. 

40. 

60. 

l 03. 

127. 

Last Spring Freeze Will Occur First Fall Freeze Will Occur 
On or After Date On or Before Date 

Station PF 90 80 50 20 10 90 80 50 20 10 

Walden 32 6-20 6-25 7-05 7-16 7-21 8-23 8-18 8-08 7-29 7-24 

28 5-28 6-04 6-16 6-29 7-05 9-08 9-03 8-23 8-12 B-06 

24 5-13 5-1 9 5-30 6-10 6-15 9-1 9 9-15 9-07 8-30 8-26 

20 5-05 5-08 5-14 5-21 5-24 9-27 9-22 9-12 9-02 8-28 

16 4-21 4-26 5-05 5-13 5-18 10-1 0 10-05 9-27 9-18 9-14 
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temperature ever recorded was 9l°F, and temperatures above 85°F are 

quite unusual. 

Average maximum, minimum, and mean temperatures for each day of 

the year at Walden are displayed in Figure 3. This figure gives a much 

more detailed accounting of the average march of daily temperatures 

through the year. Of particular interest is the smooth day to day 

variation noted in the summer months compared to the wildly fluctuating 

(even on a long-term average basis) daily temperature in winter. 

Elevations within the interior of North Park generally only vary 

by a few hundred feet, but terrain features do have a pronounced effect 

on temperature. Lower elevation valley bottom locations, such as Walden, 

experience colder winter temperatures, larger diurnal temperature vari-

ations, higher daytime temperatures in the summer, and a shorter growing 

season than the higher lands between rivers. For example, the Spicer 

weather station southwest of Walden is 265 feet higher than the Walden 

station. The growing season is a few days longer at Spicer. Nighttime 

temperatures at Walden are cooler throughout the year and average 3 

degrees F less than Spicer during midwinter. Extremely cold temperatures 

occur much more frequently at Walden. But high temperatures at Walden 

average about 2 degrees F warmer than Spicer during the summer. This 

same type of temperature variation can be expected to occur even in 

very local areas over a distance of only a few hundred feet. Therefore, 

temperature variations are likely to be encountered from one area to 

another on the McCallum site. 

C. Precipitation 

North Park is a semiarid area. The entire interior of North Park 

averages less than 16 inches of precipitation annually as shown in 
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Figure 4. Measurements at Walden indicate that the annual average pre-

cipitation (1938-1979), including the water equivalent of winter snow-

fall, is only 9.67 inches which is less than the map analysis indicates. 

Since 1937, annual precipitation totals at Walden have ranged from a 

low of 5.92 inches in 1964 to a high of 13.56 inches in 1951. 

Precipitation in the area is produced by three basic mechanisms: 

1) large-scale organized storm systems, 2) orographic lifting caused 

by moist air rising over mountain ranges, and 3) convective thundershower 

activity. Strong large-scale storm systems generally occur only during 

the winter and spring seasons. Orographic lifting is a dominant factor 

during that same period when the westerly flow aloft over the mid-

latitudes is strongest. Convective activity becomes the dominant pre-

cipitation mechanism during midsummer when the large-scale atmospheric 

circulation is weak but solar insolation and heating are strong. 

1) Winter Precipitation 

Winter (usually defined as October through April) is the driest 

time of the year in the center of North Park, even though the same 

period is the wettest season in many of the surrounding mountains. 

Winter water-equivalent precipitation in excess of 40 inches is common 

in parts of the Park Range west of Walden. However, as the westerly 

flow crosses the mountain barrier, the air descends over the park 

causing the air to warm and causing the clouds and precipitation to 

decrease before ascending the next mountain range. Thus, precipitation 

is minimized over the center of North Park. Monthly precipitation in-

formation for Walden is shown in Figure 5. Walden averages only about 

4 inches of precipitation for the October through April period. 



Figure 4. 
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X = U.S. GEOLOGICAL SURVEY STATIONS 

Estimated regional distribution of annual precipitation 
(in inches) for north central Colorado (from U.S. Weather 
Bureau for period 1931-1960). Note: Data for Walden 
for period 1938-1980 do not agree with this map. 
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Practically all winter precipitation in the North Park region falls 

as snow. Most winter precipitation is associated with large scale storm 

systems which generate widespread upward motion and precipitation. The 

topography again plays an important role. Even in major storm situa-

tions, heavy precipitation is not likely in the interior portions of 

North Park because the low-level moisture sources necessary to produce 

heavy precipitation are blocked by the surrounding mountains. As a 

result, occurrences of daily precipitation amounts of 0.50 inches or 

greater are extremely rare during the winter. 

Monthly average snowfall for Walden and the average number of days 

with an inch or more of snow on the ground is shown in Figure 6. Snow-

fall is not particularly heavy, averaging only 51 inches per year, but 

snow usually stays on the ground throughout the midwinter months. The 

snowmelt is almost always complete by early April, and the snow that 

falls in April, May and June usually melts quickly. Typical midwinter 

snowdepths at Walden are usually one foot or less although maximum 

depths up to nearly three feet have been recorded. 

Snowfall and snowdepth increases are usually noted approaching the 

mountains surrounding Walden. The Spicer station, for example, averages 

125 inches of snowfall annually, experiences snowdepths as great as 

4 feet, and averages 151 days per year with an inch or more of snow on 

the ground, 41 days more than Walden. Eyewitness reports indicate that 

the McCallum site also receives more winter snowfall than Walden. How-

ever, these increases are not excessive. Generally, snowfall seems to 

change little from Walden eastward to the McCallum Study Area but then 

increases rapidly from there eastward across the Canadian River to the 

Medicine Bow Mountains. 
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2) Summer Precipitation 

The five summer months, May through September, account for about 

60 percent of the annual percipitation in the Walden area (about 6 

inches). From late June through early September, afternoon thunder-

shower activity occurs frequently both over the surrounding mountains 

and across the center of North Park. Rainfall amounts are usually 

very light, however, because the storms have very limited moisture 

sources. The abundant low-level moisture necessary to generate severe 

thunderstorms and occasional heavy precipitation (characteristics of 

eastern Colorado and other Great Plains locations) is unable to cross 

the mountain barrier east of North Park. The greatest one-day precip-

itation total recorded at Walden was 2.19 inches, but daily amounts in 

excess of one inch are extremely rare. Daily rainfall amounts of 0.50 

inches or greater only occur an average of two times each summer. 

Rainfall amounts of 0.10 inches or greater on the average occur only 

18 days each summer. 

3) Areal Distribution of Precipitation 

An estimate of the quantity and distribution of annual precipita-

tion for the North Park area was given in Figure 4. The companion map 

showing seasonal averages for May through September and October through 

April is shown in Figure 7. The basic characteristics of the distribu-

tion of precipitation in the park are as follows: 

1) Summer precipitation, on the average, is quite uniform across 

the entire North Park area. Significant increases occur only 

as you rise into the higher mountains surrounding the park. 



Figure 7. 
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Estimated regional distribution of seasonal precipi-
tation (in inches) for north central Colorado (from 
U.S. Weather Bureau for period 1931-1960). Note: 
Data for Walden for period 1938-1980 do not agree 
with this map. 
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2) Winter precipitation is lowest in the center of North Park 

but increases with elevation and increases rapidly as you get 

closer to the surrounding mountain barriers, particularly 

the Park Range to the west and the Medicine Bow Mountains to 

the east. 

The maps shown in Figures 4 and 7 were a result of analyses com-

pleted by the U.S. Weather Bureau in the 1960 1 s based on 1931-1960 data. 

These maps have traditionally been used as the best reference for areal 

distribution of Colorado precipitation. Unfortunately, very little 

actual data were available in North Park for that period so the analysis 

has always been in doubt. Because reclamation activities are very sen-

sitive to precipitation, accurate information is very important. A 

special analysis appears in Section V which attempts to assess precip-

itation characteristics specific to the McCallum Study Area. 

D. Other Climatic Elements 

Data are presently lacking in North Park to support detailed 

descriptions of other climatic elements. However, some general comments 

can be made. 

1) Wind 

North Park and the immediate McCallum site are prone to frequent 

and strong winds during winter and spring. The prevailing wind direc-

tion is from the southwest,and wind gusts in excess of 40 mph are not 

uncommon during the winter months. The result is considerable blowing 

snow which frequently causes very low visibilities and ground blizzard 

conditions. The blowing snow tends to pile up in huge drifts in pro-

tected areas while exposed areas are sometimes blown completely clear. 
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During the summer and early fall winds are more gentle and wind direc-

tions are dominated by local topography. 

2) Solar Radiation 

Little is known about the winter solar radiation averages and 

variations in North Park. However, during the summer months cloudiness 

and, hence, solar radiation is very similar across all of Colorado 

(Doesken et al ., 1979). During the midsummer period a typical daily 

solar radiation total should equal about 60 percent of the extrater-

restrial radiation (the amount of energy that would be received at the 

surface if there was no atmosphere to reflect, scatter, and absorb the 

sun's energy). For June 21 this would equal about 2300 BTU per square 

foot per day of solar energy reaching a horizontal surface in North 

Park. 

3) Evaporation 

Maximum evaporation rates occur in midsummer when temperatures are 

highest. Estimates suggest that the May through September Class A pan 

evaporation total should average about 35 inches in the Walden and 

central North Park area. This is consistent with actual pan evapora-

tion measurements taken near Grand Lake and at Green Mountain Dam, 

which are weather stations south of Walden and North Park but at 

similar elevations. 



IV. LOCAL CLIMATE DATA AND APPLICABILITY 

A) Data Sources 

Data used in this report have come from four locations in the 

North Park area. 

1) Walden - National Weather Service~ cooperative substation 

2) Spicer - National Weather Service, cooperative substation 

3) Gould - U.S. Forest Service Fire Weather Station 

4) Kerr Coal Mine - private 

5) Canadian River Precipitation Gages - U.S. Geological Survey 

The location of these weather stations in relation to the McCallum 

Mining Site are shown in Figure 4. The types of available data from 

these stations and the years when data have been collected are shown 

in Table 2. 

Basically, only daily temperature and precipitation data are 

readily available. Wind and humidity data are very sparse, and at 

this time no solar radiation or evaporation measurements in the im-

mediate area have been taken. 

B) Data Quality 

Both the types of data being collected from these sites and the 

data quality are not uniform. The two National Weather Service sub-

stations are perhaps the most consistent. Both Walden and Spicer 

record daily temperatures and precipitation, have always employed the 

same instrumentation, and have always used the same observational pro-

cedure. However, each station has been moved several times during its 

long history. Although each station move was minor, the changes in 

instrument exposure and elevation changes relative to the rolling 
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LOCATION 

Walden 

lat. 40° 44' 
long. 106<> 17' 
e1ev. 8115 ft. 

Spicer 

lat. 40° 27' 
long. 106° 28' 
el ev. 8380 ft. 

Table 2. Weather data used in this report in the vicinity of the McCallum Mining Site. 

TEMPERATURE PRECIPITATION 

Daily readings of j Daily readings of 
24-hour max and min 24-hour total precip-

itation, snowfall, 
and snowdepth 

1897-1905 
1938-present 

Daily readings of 
24-hour max and min 

1912-present 

1887-1905 
1938-present 

Daily readings of 
24-hour total· precip-
itation. snowfa 11 , 
and snowdepth 

1909-present 

WIND SPEED WIND DIRECTION HUMIDITY OTHER 

1----- -----+ -+---- -----
Gould 

1 at. 4 oo 32' 
long. 106° 2' 
elev. 8975 ft. 

Kerr Mine 

lat. 40° 42' 
long. 106° 7' 
el ev. 8250 ft. 

Canadian River 
(5 stations) 

lat. 40° 42-49' 
lont. 106° 4-14 1 

elev. 7990-8320 ft. 

1 :00 PM observation 
and daily readings 
of 24-hour max and 
min (for summer 
only) 

1964-present 

Daily readings of 
24-hour max and min 
(reduced from con-
tinuous recording 
charts) 

1978-present 

Daily readings of 
24-hour total precip .• 
precip. kind and dur-
ation, time precip. 
began and ended. 
(for summer only) 

1964-present 

Daily readings of 
24-hour total precip-
itation. (Very poor 
quality) 

1978-present 

Daily readings of 
24-hour total precip-
itation reduced from 
recording gage charts 

1978-present 

1 obs. per day. 
10 min. average 
in mph. {for 
summer only) 

1964-present 

2 obs. per day. 
Noon and Mid-
night. 

1978-present 

1 obs. per day 
to nearest 45° 
{for summer 
only) 

1964-present 

Eyeball estimate 
from continuous 
charts of 12-hr 
prev. dir. 0600-
1800, 1800-0600. 

1978-present 

Dry bulb and wet 
bulb temp. read-
; ng daily at 
1 :DO PM. (for 
summer only) 

1964-present 

2 obs. per day. 
Noon and Mid-
night. 

1978-present 

State of weather; 
lightning activity 
(for summer only) 

1964 -present 

N 
0 
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terrain of North Park could have significantly affected the observations, 

especially of minimum temperatures. Despite these potential problems, 

the quality of data from both stations is very good. 

The weather station at Gould has been in operation since 1964 on 

a summer-only (approximately late May through October) basis for the 

U.S. Forest Service in support of the fire weather monitoring program. 

Instruments are compatible with National Weather Service equipment, 

and data quality is satisfactory. One observation of wind and humidity 

each day is a helpful addition to the temperature and precipitation 

data at Walden and Spicer. 

Data have been collected at the Kerr Coal Mine adjacent to the 

McCallum Study Area since January 1978. This is a detailed data set 

containing both wind and humidity observations as well as temperature 

and precipitation. Unfortunately, however, it has many problems. The 

instruments used, mostly electronic sensors, are not identical to the 

equipment at Walden, Spicer, and Gould. It is not known how well they 

should compare. Also, there is a large percentage of missing and/or 

suspicious data. Since the station automatically records and stores 

information, and because the organization collecting the data has no 

need to monitor the data regularly, problems developed which were not 

promptly discovered and corrected. Thus, while the data could be of 

great value, the missing data and uncertainties in the existing data 

degrade it considerably. 

The U.S. Geological Survey has been measuring precipitation at 

several sites in the Canadian River drainage north and east of Walden 

beginning in 1978. Two different types of gages have been employed 

and some but not all of the gages are shielded to minimize wind effects. 
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Problems with winter snow catch have been noted and missing data have 

occasionally been a problem. The data may not be complete or exactly 

compatible with the other weather stations in North Park,and data sets 

are of short duration. However, the data quality appears to be good, 

and those stations should be a useful supplement to existing longer-

term stations. 

C) Data Applicability 

Climatic conditions can vary greatly over surprisingly short dis-

tances, particularly in mountainous terrain. Ideally, many years of 

measurements of all pertinent climatic parameters should be taken on 

the site of future mining and reclamation activities to assure an 

accurate climatic description. Since this was not the case at the 

McCallum site, the representativeness and applicability of existing 

data must be assessed. 

The weather station at the Kerr Coal Mine is very close to the 

McCallum site (see Figure 4). All aspects of the local climate should 

be very similar since their elevations and locations relative to the 

surrounding mountains are practically identical. 

The climate of Walden should also be very similar to that of the 

McCallum site. Although the McCallum site is closer than Walden to the 

mountains on the east side of North Park, elevations are similar at 

both locations and temperatures at Walden should be representative. 

Some precipitation differences may be noted during the winter season 

as snowfall begins to increase eastward from Walden toward the Medicine 

Bow Mountains. This will be discussed thoroughly in Section V. 
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Spicer is a considerable distance from the McCallum site and is 

located on the opposite side of North Park. Winter precipitation is 

considerably greater there, and temperatures differ significantly from 

the eastern portion of North Park. While not being totally representa-

tive of the McCallum site, this station does offer a good comparison 

to show how climatic conditions vary within the park. 

The Gould site is also a considerable distance away. It is several 

hundred feet higher and is located within the forested area near the 

base of the Medicine Bow Mountains. Measurements are taken there only 

during the summer when conditions are more nearly uniform across the 

area. However, significant differences especially in temperature would 

still be expected between Gould and the McCallum site. 

The Canadian River precipitation gages operated by the U.S. Geolog-

ical Survey are located in the immediate vicinity of the McCallum Study 

Area. They should yield representative data for the areas and should 

help greatly in determining the magnitude and distribution of precipi-

tation on the east side of North Park. 

Due to the quantity, quality and locations of existing data, the 

Walden daily temperature and precipitation records offer the greatest 

potential for climatic analyses and will be used extensively throughout 

this study. Limited summer data from the Gould station will also be 

included. Due to its short duration and questionable quality, Kerr Mine 

site data will be used only as background reference to the authors. 

U.S. Geological Survey data, although short in duration, will be used 

to help assess the distribution of precipitation near the McCallum site. 

Data from Spicer will only be used to indicate the type of variations 

which can be expected from one location to another in North Park. 



V. CLIMATE PROFILES FOR RECLAMATION 

The real objective of the climate profile is to provide climatic 

information which is useful in decision making in the various reclama-

tion activities. The approach used here is to identify the reclamation 

activities, determine the activities which are sensitive to climate, and 

develop climatic analyses pertinent to each activity. Each of these 

aspects will be addressed in this section. 

A. Reclamation Activities 

Reclamation activities are identified in the first column in 

Table 3. The sequence of activities includes: vegetation selection, 

spoil placement and grading, topsoil placement, surface treatment, soil 

preparation, and planting. Vegetation selection is the first step. It 

is in the vegetation selection step where the restrictions emerge which 

climate places upon vegetation. If the climate applies severe limita-

tions on the germination and survival of new vegetation, then the re-

maining reclamation activities can be adjusted to best suit the parti-

cular vegetation which has been selected. Climatic analyses will be 

presented in a later section in response to the problems and opportuni-

ties arising in each activity. 

B. Vegetation Selection 

Plant selection for successful revegetation of over-burden or 

mine spoils is not an exact science. Subjective procedures have typically 

been used to select plants whose growth-cycle requirements (for germina-

tion, establishment, growth, flowering and fruiting, and reproduction) 

are satisfied by the local environment. Climate is not the only en-

vironmental factor to contend with. Soil type and available nutrients 
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Reclamation Activity 

I. Vegetation Selection 

I I. Spoil Placement and 
Grading 

II I. Top Soil Placement 

IV. Surface Treatment 
{pitting, imprinting, 
contouring, disking, 
and raking) 

V. Soi 1 Preparation 

VI. Planting 

TABLE 3. Cllf1ATE ANALYSES FO~ RECLAMATION 

Problems/Opportunities 

1. Establishment and survival of plants 

Problems: 
~ansport by wind and runoff 

--shape, orientation, height 
--surface roughness 
--particle size 

2. Road location and construction 
--snow accumulation 
--drainage 
-- s 1 ope 

Opportunities: 
1. Create microclimate favorable to vegetation 

--control wind 
--enhance snow accumulation 
--reduce evapotranspiration 

Problems: 
~~nsport by wind and runoff 

Problems: 
-,-.-Control surface runoff and erosion 

2. Trafficability 

Opportunities: 
1. Provide favorable germination sites 
2. Increase soil water 

Problems: 
-1-.-T-rafficabil ity 

Decisions: 
1. Mulching 

--soil depth, water capacity 
2. Supplemental water 
3. Fertilizer 

--soil character 

Problems: 
~---Trafficability 

2. Timing for seeding or transplanting 
--germination 
--growth and establishment 

3. Seeding rate 

Climate Analyses 

1 1 21 5, 6, 71 
81 10, 121 13 

4, 7, 8, 9, 10, 
11 1 13, 14 t 15 

4, 8, 10, 11, 14, 15 

4. 8, 9. 10, 11' 
13, 14' 15 

4, 6, 7, 8, 10, 
13 

1,2,3,6,7,8, 
l 0, 12 

CLIMATE ANALYSES 

1. Freeze-Free Period. 

2. Growing Sea son. 

3. Late Warm Periods. 

4. Freezing Temperature Threshold. 

5. Extreme Temperatures. 

6. McCallum Site Precipitation. 

7. Annual and Seasonal Variability. 

8. Precipitation Frequency and 
Intensity. 

9. Snowfall Frequency and 
Intensity. 

10. Snow Accumulation and Snowmelt. 

11. Large Rain Events - Return 
Periods. 

12. Growing Season - Joint 
Probabll ity. 

13. Growing Season Potential 
Evapotranspiration Minus 
Total Precipitation. 

*14. Frequency Distribution of 
Wind Speed and Direction. 

*15. Probability of High Winds. 

*Not available due to lack of data. 

N 
(J'I 
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are limiting factors in any revegetation activity. However, climatic 

conditions are of primary importance and must be taken into consider-

ation. 

Growth-cycle requirements for plants are closely coupled to the 

climate through temperature (air and soil), precipitation, atmospheric 

water content (vapor pressure or relative humidity), and solar radiation 

(heat and light). Seldom are plants and climate coupled through a single 

climatic characteristic, independent of the others. As a rule, it is 

the interrelation of the climatic characteristics that couples the plant 

to the climate. For example, the interrelation of temperature, relative 

humidity, wind, and the energy balance determine the evaporative demand, 

which is the coupling between the climate and plant functions. 

Plant-climate couplings are very complex, and the basic data 

needed to completely define the interrelations are generally lacking. 

However, simple temperature and precipitation indexes and threshold values 

can provide very useful information. 

Precipitation, or more precisely the amount of moisture present 

in the topsoil (which is generally controlled by precipitation), is 

critical for determining what plants have a chance for survival. Re-

gardless of other climatic characteristics of an area, precipitation must 

be adequate or supplemental water must be available to support vegetation. 

For vegetation selection the most important precipitation chctr-

acteristics are summer season or growing season amounts, off season or 

winter season amounts (which contribute to soil moisture), and reliabil-

ity. It is generally the amount of precipitation which falls in the 

driest years (or seasons), rather than the average amount of precipita-

tion, which determines what plants will eventually survive. 
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Assuming that a plant•s moisture requirements can be met, then 

temperature characteristics play a dominant role in the germination, 

establishment, and growth of plants. Elevation ranges and temperature 

extremes limit the types of vegetation which can grow in a given area. 

Many cool-season grass seeds require stratification during the preceding 

winter to later produce flowers and seeds. Temperature requirements 

must also be met for high rates of germination. Temperature continues 

to play an important role in the establishment of new plants as they 

develop the root and shoot systems to support themselves independently 

of the food stored in the seed. Once a plant is established, and water 

is not limiting, completion of the growth cycle has been sucessfully 

described as a function of temperature-based indexes, such as heat units 

or degree days. Temperature-based indexes for many agricultural crops 

have been established with enough reliability so that they can be used 

to predict the date of flowering and crop maturation. Unfortunately, 

such temperature-based indexes are known for only a small number of 

species commonly used for revegetation. 

There are useful climatic characteristics that can be used as 

guides for judging the ease or difficulty of revegetation. These char-

acteristics include: temperatures during the beginning or end of the 

growing season which may preclude germination or terminate active growth, 

various definitions of the length of the growing season, and the proba-

bility of periods within the growing season that are more favorable for 

plant growth. 

Critical climatic elements related to vegetation selection are 

shown in Table 4. Where analyses have been completed, values of these 

critical climatic parameters have been filled in for the McCallum site. 

More detailed information concerning some of these analyses is given 
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in Section V D. Table 4 is not intended to be a complete listing of all 

elements and analyses pertinent to plant germination and growth. The 

major limitation of Table 4 is that the corresponding information for 

several plant candidates is conspicuously absent. If the actual speci-

fic requirements were available for all or many plant candidates, vege-

tation selection would be a straightforward task, and Table 4 could be 

used as an important guide. By comparing plant requirements to actual 

climatic conditions, plants most suited to the existing climate could 

be chosen. Inclusion of soil and nutrient information in the table would 

make it even more useful. 

For future reclamation activities it will be very important to 

fill in these voids of missing information. Detailed climatic, soil, 

and nutrient information already can be obtained. When the related 

species sensitivity data become better known and more available, vege-

tation selection should become more objective and revegetation success 

should improve. 

In the absence of detailed plant information and recognizing 

the goals of revegetation, there are various operational ways to go about 

plant selection using climate information in a much more general way. 

The first, and most obvious step is to consider the local native plant 

populations. Detailed quantitative scientific information may not be 

available for these plants, and conditions may not always be favorable 

for easy germination and establishment of these species. However, they 

clearly are adapted to the local climate and have proven their ability 

to survive. 

Other methods can be employed. Local experience can be provided 

by seed suppliers, State Extension Agents, or others who have succeeded 
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in establishing vegetation on nearby sites. Where no experience is 

available locally, general guides are available (Cook, Hyde, and Sims, 

1974; Hafenricher, Schwendiman, Harris, and MacLauchlan, 1968; Varies 

and Sims, 1977). For a specific site, one can carry out experimental 

field studies. In the absence of appropriate information, one can fore-

go field experiments and carry out the entire revegetation program using 

a rational trial-and-error approach. 

C. Climate Problems/Opportunities in Reclamation 

The sensitivity of reclamation activities to climate brings 

forth both problems and opportunities. Climate can influence when and 

where reclamation work can be done~ it can limit the types of vegeta-

tion capable of survival, and it can dictate how successful a given re-

clamation strategy will be. But climate can also be viewed as an asset 

presenting special opportunities. For example, land can be shaped and 

contoured during reclamation to take full advantage of local climatic 

characteristics in order to increase the reclamation potential. 

A list of particular problems and opportunities associated with 

each reclamation activity is presented in Table 3 (page 25). The first 

activity, vegetation selection, has been discussed thoroughly in the 

previous section. The primary problem, and also the final goal, is the 

establishment and survival of plants on the reclamation site. All as-

pects of climate are related to this crucial step. 

For the reclamation activity of spoil placement and grading, the 

primary problems are material transport by wind and runoff and road lo-

cation and construction. In each of these cases several different cli-

mate elements are involved. 
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For material transport by wind and runoff the primary sensi-

tivity is to wind speed and precipitation. Material can become airborne 

by high winds, blasting, and surface traffic. Movement of the airborne 

material will then depend on wind speed and temperature stability. Ma-

terial transport by water is due either to heavy precipitation or melt-

ing snow which leads to runoff and erosion. The spoil placement and 

grading activity can control these to a degree through the shape, ori-

entation, height, surface roughness, particle size, and the density of 

material actually distributed. Thus, the climate information can be 

used to help design the correct characteristics of spoil placement and 

grading. 

Climatically, road location and construction are primarily sen-

sitive to precipitation and snowfall. Water erosion and drifting snow 

are the major problems encountered. 

Opportunities as well as problems arise during the spoil place-

ment and grading activity. Microclimates can be created which enhance 

the probabilities of revegetation success. Spoil placement, shaping and 

contouring can modify wind, incident sunlight, snow accumulation and 

runoff, all of which affect the local water balance and, hence, vegeta-

tion. 

The reclamation activities related to topsoil, surface treat-

ment, and soil preparation all face the same basic climate-related 

problems as does spoil placement and grading. Precipitation and wind, 

and their effects on transport of surface material, are again the major 

elements. The surface treatment aspect (including treatment types of 

pitting, imprinting, contouring, disking or raking) presents opportuni-

ties. For example, favorable seed germination sites can be provided. 
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Also, the soil's capacity to hold water could be increased in specific 

locations. 

The task of soil preparation has a separate set of decisions 

that appear that include mulching, whether or not to use supplemental 

water, and whether or not to fertilize. Each should be considered in 

context with the moisture that is available or the precipitation that 

is likely to occur during the time of soil preparation. 

Finally, the planting activity has several associated problems 

and decisions caused or affected by climate. The best method of plant-

ing (drilling, broadcasting, hydroseeding, or transplanting) must be 

determined, and the selection of optimal planting dates is crucial. 

Basic seed and plant responses to the climate are, of course, the de-

ciding factors here. But other elements such as surface trafficability 

and human comfort should not be overlooked. 

D. Climate Analyses for Reclamation 

A variety of climate analyses have been performed. These ana-

lyses are intended to assist and support the planning and decision making 

processes leading to a comprehensive reclamation strategy. However, 

these analyses cannot necessarily stand alone. They must be viewed and 

interpreted in context with available biologic, hydrologic, geologic, 

and edaphic information. 

Many of the climate analyses are presented in terms of proba-

bility. This is by far the most realistic way to view climate since 

climate is not a static element of the environment. Natural climate 

variations are sufficiently great that it is not possible to precisely 

anticipate climatic conditions for a given time and place (as suggested 

by climatic averages or normals). However, from the historical record 
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it is possible to accurately estimate the most likely range and distri-

bution of these climatic conditions, and to determine the frequency of 

occurrence of adverse conditions which could be detrimental to reclamation 

success. 

1) Temperature analyses 

Several specific climate analyses of temperature are presented 

here. Results of these analyses are described along with comments on 

how these results pertain to reclamation and revegetation problems and 

opportunities. 

a) freeze-free period 

A table of freeze-free periods for Walden was presented in 

Section II. This information is presented graphically in Figure 8 which 

shows average dates for the last spring occurrence and first fall occur-

rence of temperatures 2 32°, 28°, 24°, 20°, and l6°F. Also shown are 

the latest spring occurrence and earliest fall occurrence as well as 

standard deviations to indicate how these dates are climatically dis-

tributed. 

The average number of days between last spring and first fall 

occurrence of < 32°F is 33 days with an observed range from 1 to 58 

days. If the threshold of 28°F is used, the average period between oc-

currences is 67 days with a range from 40 to 117 days. This type of 

information applies to the vegetation selection step of reclamation. 

Only those plants which can tolerate short growing seasons have a chance 

for survival and establishment at the McCallum site. Different tempera-

ture thresholds are used in addition to the 32°F value because the 

temperature of a 11 killing frost'' varies a great deal from one plant 

species to another. 
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Figure 8. Freeze-free periods at Walden, Colorado, 1951-1970 
(Benci and McKee, 1977). 
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This same information is shown in Figure 9 in terms of probabilities. 

The distributions of the last spring occurrence and first fall occurrence 

of minimum temperatures of~ 32°, 24°, and l6°F are plotted. The dis-

tance between related curves at a given probability is then the maximum 

freeze-free period for that probability. For example, there is a 90% 

likelihood (0.90) that the last spring occurrence of~ 32°F will occur 

on or after June 20, the first fall occurrence will occur on or before 

August 23, and the freeze-free period will be < 62 days. 

b) growing season 

Freeze-free periods described above are often used to define 

growing season. However, the freeze-free period does not always cor-

relate well with actual plant response because it is difficult to 

1) establish the air temperature for defining the 11 kill ing frost .. and 

2) establish the duration of time during which the air temperature re-

mains below the threshold air temperature. Also, frost can occur when 

measured air temperature is above 32°F. 

Many plants (particularly cool-season grasses) can "green-up" 

and remain green when air temperatures are below freezing. Although 

the plants are green, they are not actively growing. The synthesis of 

many studies suggests that the potential period of active growth for 

many temperate plants occurs when the average air temperature remains 

above 40°F. Since the first warm spring day does not necessarily insure 

that the growing season has begun, an end-element running mean air tem-

perature is used to establish the beginning (and ending) of what is 

called the potential thermal growing season. This information is of 

great importance in vegetation selection and also in estimating the 

success potential of revegetation activities. 
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In the usual calculation of a running mean, the average air 

temperature replaces the middle element in the run. For example, for 

a 7-day running mean, the average value replaces the 4th element in the 

run. If the running mean was used to define the growing season, it 

would imply that the plants know the temperatures for the next 3 days 

in advance. To solve this problem, the running mean average replaces 

the end-element in the run when it is used to define the potential 

thermal growing season. 

Using the 1938-1979 weather record for Walden, the end-element 

7-day running mean air temperature above 40°F was calculated for each 

year. The probability that the 7-day running mean air temperature was 

above 40°F was calculated. This curve is shown in Figure 10. From this 

graph one can see that a potential thermal growing season of about 100 

days is virtually certain. The median growing season length is about 

150 days (probability of 0.50). Longer and longer growing seasons 

become less and less frequent, with a 200-day growing season occurring 

with a probability less than 0.01. These growing seasons are much 

longer than what was indicated from the freeze-free analysis. Also 

the season is shifted more towards the fall. Part of this results from 

the fact that the final day of the 7-day running mean is used rather thar 

the midpoint. It is also a result of the fact that later in the season 

daytime temperatures continue to stay rather warm while nighttime 

readings drop quickly. Thus, the 7-day running mean temperature stays 

above 40° long after subfreezing nighttime temperatures begin to occur. 

c) late warm periods 

Figure 11 shows the probability of having at least one occur-

rence of a 3, 5, or 7-day period having a mean temperature > 40°F at 
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Walden after specified dates. Such warm periods can lead to premature 

germination of fall-planted seed if moisture is available. 

An example of the interpretation of this graph is: 50% of the 

time there is still at least one occurrence of a 7-day period with a 

mean temperature > 40°F after October 1. For a 3-day periods the 

equivalent 50% date is much laters October 18. There have been occur-

rences of 3-day periods with a mean temperature > 40°F as late as De-

cember 1 . 

d) freezing temperature threshold 

The amount of time temperature stays above the freezing point, 

drops below the freezing points or rises and falls above and below freez-

ing all impact on reclamation activities. Figure 12 is a visual display 

of days each year with A) minimum temperatures above 32°F and B) maxi-

mum temperatures above 32°F. By observing the density and distribution 

of asterisks in the figure it is easy to quickly assess when these tem-

perature thresholds are exceeded and for how many consecutive days. 

Visual information on length and variability of freeze-free 

periods is one of the items which can be seen in Figure 12A. This re-

lates not only to growing season but also to such things as periods of 

potential rapid snowmelt in late winter and spring {affecting traffica-

bility and erosion potential) and periods of late season warmth which 

could initiate premature germination of fall planted seeds. It also 

shows, by considering all blank areas on the graph (days when minimum 

temperature falls to 32°F or below), days on which at least the surface 

layers of the ground may have been frozen for some period of time. 

The occurrences of daytime temperatures above 32°F (blank 

areas are therefore days with maximum temperatures 2 32°F) are shown 
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in Figure 128. This shows that even in midwinter, daytime temperatures 

often exceed 32°F which, in combination with Figure 12A, indicates fre-

quent freeze-thaw cycles at the surface. This contributes to melting 

and structural change in existing snowcover and also tends to break up 

and loosen topsoil making exposed areas prone to wind erosion. The 

high frequency of above-freezing daytime temperatures in midwinter along 

with extremely cold nighttime temperatures cause special stress problems 

for poorly adapted plants. This should be considered during vegetation 

selection. 

e) extreme temperatures 

The probability that the daily minimum temperature will drop 

to various cold temperature thresholds on any day during the winter 

months at Walden is shown in Figure 13. Temperatures of 0°F or colder 

can occur at any time from October through April. From late November 

to early March there is at least a 1 in 4 chance on each day that the 

minimum temperature will fall to 0°F or below. The first 10 days of 

January is the period most likely to experience severe cold. 

Temperatures below 0°F indicate a high probability of human 

discomfort. Of greater importance, in terms of reclamation, are the 

potential effects of extremely cold temperatures on vegetation. Tem-

peratures ~ -20°F have occurred from early November to early April 

but are most likely in January and February. While the probability 

on any given day of experiencing such intense cold never exceeds 0.10, 

for the winter as a whole temperatures below -20°F occur every year 

and temperatures ~ -40°F occur about one year in eight. In the 

absence of snowcover, these cold temperatures can lead to winterkill 

of tender plants. 
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Probabilities of experiencing daily summer temperatures above 

various warm thresholds are shown in Figure 14. Extreme heat is not a 

problem in North Park, but temperatures above 75°F occur regularly from 

June through September. Temperatures in excess of 85°F occur relativ~Jy 

infrequently (maximum probability of only .05) and are most likely in 

mid to late July and early August. These warm temperature extremes are 

not a severe hazard by themselves, but they do lead to rapid drying 

of topsoil and can contribute to moisture stress, especially in young 

plants. The period of highest probability of very warm temperatures 

thus must be accompanied by adequate precipitation (or supplemental 

water must be applied) in order to assure survival of new plant life 

on the reclamation site. 

2) Precipitation 

Several aspects of precipitation in North Park are described here. 

Emphasis is placed on areal distribution and seasonal variations of 

total precipitation along with frequency and intensity of heavy rain 

and snow events. 

a) McCallum site precipitation 

The Walden weather station is the only long-term precipitation 

station near to the McCallum Study Area. However, the McCallum site is 

much closer to the Medicine Bow Mountains east of North Park. The U.S. 

Weather Bureau analyses of North Park precipitation (Figures 4 and 7) 

estimated annual precipitation for the McCallum site to be 16 inches 

with 6 to 8 inches of this total falling during the winter months 

(October through April) and the remaining 8 to 10 inches occurring 

during the summer. These totals are considerably higher than the 



1.0 

.8 

>-r- .6 -_j -m 
<{ 
m 
~ .4 '- I I 
Q.. 

.2 

0 1 I' t=='-===' I· I ' I' • I I 
APR JUL 

MONTH 
SEP OCT 

Figure 14. Probability of daily maximum temperature exceeding a) 75°F, b) 80°F, and 
c) 85°F. Probabilities averaged over one-third month intervals at Walden, 
Colorado, 1937-1980. 

+:>-
lT1 



46 

measured 9.67 inch annual average at Walden (4.18 inches in winter, 

5.49 inches in summer). 

Both the map analyses and a detailed computer model of mountain 

precipitation (Rhea, 1978) indicate a significant winter precipitation 

increase from Walden to the McCallum site. However, significant vegeta-

tive changes do not appear, and eyewitness reports from people who 

frequently drive from Walden eastward suggest that significant increases 

in snowfall are not observed until just east of the McCallum site. 

Data to confirm or refute these interpretations are just becoming 

available as two U.S. Geological Survey stations on the McCallum Study 

Area have began year-round data collection. Data from the first winter 

(1979-80, a wetter than average winter in North Park) showed no differ-

ence in precipitation from Walden eastward to the site. But lower 

gage catch ratios at the exposed windswept U.S.G.S. sites seemed likely. 

Over a long period it appears that a good estimate of winter precipita-

tion at the McCallum site would be about 5 inches with slightly lower 

values occurring at the extreme western edge of the area with precipi-

tation increasing to perhaps 6 inches on the eastern and northeastern 

edges of the area. 

The conclusion that average summer precipitation is quite 

uniform across the park appears to be accurate. However, map values 

(Figure 7) are distinctly too high. Data from available stations 

indicate summer averages ranging from 5.49 inches at Walden and 6.41 

inches at Spicer to 8.36 inches at Gould. A good estimate for average 

summer precipitation at the McCallum site is about 6 inches. 

Combining estimates for winter and summer precipitation, 

average annual precipitation at the McCallum site is approximately 
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11 to 12 inches. Additional data collected on the site in the months 

and years to come will help evaluate this estimate. 

b) annual and seasonal variability 

Considerable year to year variability of both annual and 

seasonal precipitation occurs. This is highly significant in terms of 

both vegetation selection and assessment of potential success for rec-

lamation strategies. 

A probability distribution of both annual and seasonal precip-

itation for Walden is shown in Figure 15. (Adjustments to these curves 

could be made to reflect the expected differences in average precipita-

tion between Walden and the McCallum Study Area.) Winter precipitation 

at Walden has ranged from 1.91 to 6.94 inches with a median value of 

4.12. Fifty percent of the years the winter precipitation remains 

within one inch of the median. 

The shape of the distribution of summer precipitation is similar 

to winter except near both ends of the distribution. This is because 

greater extremes relative to the median value occur during the summer. 

Summer totals have ranged from 2.40 to 10.18 inches with a median value 

of 4.91. Sixty percent of all summers receive less than the average 

precipitation. 

Since vegetation is limited by the driest years and seasons, 

it is important to examine the low ends of each distribution. Summer 

precipitation at Walden less than 3.50 inches occurs about one year in 

ten. In winter, one year in ten receives less than 2.60 inches of 

precipitation. Plants chosen for revegetation must be able to tolerate 

these extreme conditions. 
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Some plants can survive water shortages but require consider-

ably more water to initially become established. Hence, there are only 

certain years when these plants can naturally germinate and become 

established. For example, if a plant species requires at least 7 inches 

of summer season precipitation to become established, the local climate 

will meet these demands only one year in five. 

c) frequency and intensity probabilities 

The number and size of precipitation events are important in 

various aspects of reclamation. Since the only long-term precipitation 

records available in North Park are daily totals, this discussion is 

limited to precipitation events defined as 24-hour amounts. 

The frequency and intensity of daily precipitation for a yearly 

period are presented in Figure 16. The ordinate is probability and the 

abcissa is number of days, N. Individual points on the graph are the 

probability that a given year will have less than N days with precipi-

tation greater than X where X is the threshold value of precipitation 

for each separate line on the graph. The graph shows that for a thresh-

old of 1.00 inches there is a 77% probability that no days will occur 

with greater than 1 .00 inches of precipitation. There is a 98% prob-

ability that no more than 1 day will occur with greater than 1.00 inches 

of precipitation. It is not until the threshold is lowered to 0.20 

inches that a significant number of days appear. The median (50%) 

number of days with precipitation equalling or exceeding 0.20 inches 

is about 20. There is a 10% chance that only 15 days will occur and 

only a 10% chance that more than. 27 will occur. Thus, SO% of the years 

will have between 15 and 27 days with precipitation equal to or greater 

than 0.20 inches. 
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The implication of this graph for successful revegetation is 

striking. Significant precipitation events are required to substan-

tially contribute to soil moisture content. But in dry years daily 

precipitation totals of 0.50 inches or greater·may occur only one time 

or less. This would place severe moisture stress on young plants. In 

wetter years as many as four or five occurrences of precipitation 

events equalling or exceeding 0.50 inches can be expected. In such 

years, the likelihood for establishing vegetation is much higher. 

Typically 3 or less large storms (~ 0.50 inches) occur in a year. 

These data indicate that the climate is so dry that it is 

likely that more than one attempt to revegetate will be required. 

Mulching, increasing the depth of topsoil, and/or providing supplemental 

water would significantly raise the chances of revegetation success on 

the first attempt. 

The second implication from Figure 16 is that large·rain events 

capable of causing major erosion problems rarely occur. The low proba-

bilities for 0.50 and 1.00 inch precipitation events have already been 

described. There is a 98% chance that no one-day rain greater than 2 

inches will occur in a given year. 

d) snowfall frequency and intensity 

Probability of daily snowfall at Walden is shown in Figure 17 

in a form identical to Figure 16. The only difference is that the X 

threshold values are in inches of snowfall. An immediate conclusion is 

that large daily snowfalls are very rare. In fact, a 6-inch daily snow-

fall has only occurred a maximum of 3 times in one winter. There is a 

41% chance that a 6-inch daily snowfall will not occur at all. Figure 18 

shows the same information for snowstorms instead of daily snowfall. 



X=l2 
1.0 

0.8 

>- 0.6 
t--_J -en 
~ o.4 1 I I 
0 
0:: a.. 

0.2 

0~----~----~------~----~----~----~ 0 5 10 15 20 25 30 

NUMBER OF DAYS, N 

Figure 17. Probability that a winter season has N days or less of snowfall equal to 
or greater than X inches for Walden, Colorado, 1938-1980. 

U1 
N 



X=l2 
1.0 

0.8 

>- 0.6 
t--_j -en 
<t 0.4 
C1l 
0 
0:: a_ 

II I I 

0.2 

0----------~~------~----~------~----~ 
0 5 10 15 20 25 30 

NUMBER OF DAYS, N 
Figure 18. Probability that a winter season has N storms or less of snowfall 

equal to or greater than X inches for Walden, Colorado, 1938-1980. 

(.11 
w 



54 

A snowstorm is defined as the snowfall total for all consecutive days 

when daily snowfall equals or exceeds 1 inch. The change of definition 

has a small but noticeable effect on probabilities. For example, there 

is only a 22% chance of not getting a 6-inch storm in a given winter, 

and there have been as many as four 6-inch storms in one winter. 

These snowfall statistics require some modification for use on 

the McCallum site. Since winter precipitation is likely to be higher 

than at Walden by about 15 to 25%, both the number and size of storms are 

probably increased. Without data it is difficult to make any confident 

estimates of these differences. However, the general conclusions are 

the same. Snowfall is not excessive and can be very light in some years. 

Because single storm snowfall totals are not large, driving conditions 

and mobility should not be greatly restricted by snowfall alone through-

out the winter. By far the worst problems will be caused by blowing 

and drifting of the existing snow by the strong winds which buffet the 

area. 

e) snow accumulation and snowmelt 

The amount of snow on the ground during the winter months is 

significant from several perspectives. Snow affects surface mobility, 

acts as an insulating blanket to protect plants from extreme cold, and 

contributes to the soil moisture as it melts. 

The probability of having snow on the ground on any given day 

at Walden exceeding the thresholds of 0, 4, and 10 inches is shown in 

Figure 19. (Again, it should be remembered that somewhat greater snow-

fall, and hence snowdepth, is expected at the McCallum site compared to 

Walden.) Measurable snow may stay on the ground anytime from September 
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through May. From late November until mid-May there is a greater than 

50 percent probability that at leas~ an inch of snow will be on the 

ground on any given day. However, even in midwinter when temperatures 

tend to be coldest, there is a one in ten chance that the ground will 

be bare. This implies that there is a good chance that very cold tem-

peratures will occur when there is little snow on the ground to protect 

vegetation. 

Snowdepths in excess of 4 inches at Walden never achieve a 

probability in excess of 0.50. Four inches is not a lot of snow and 

when the windy conditions of North Park are considered, which can easily 

blow the snow off of exposed areas, it would be reasonable to expect 

many times during the winter when smooth exposed surfaces may be free of 

snow. As a result, topsoil erosion as well as winterkill of plants may 

be a problem. Increasing surface roughness and/or constructing snow-

fences may be required to reduce these problems. 

There can be extreme variability of snowdepth throughout the 

winter and from one year to the next. The most likely periods to ex-

perience deep snow are in early January and again during late January 

and most of February. However, the probability of having more than 10 

inches of snow on the ground on any given day never exceeds 0.20. 

The period of maximum snowmelt in the Walden-McCallum area oc-

curs during March. (Note the rapid decrease in snowdepth probabilities 

on Figure 19.) This has a bearing on surface moisture, trafficability 

and erosion. Extremely muddy conditions can be expected until well into 

April and May following wet winters. However, the water content of the 

snowpack is generally not excessive. Daytime temperatures during March 

and April rise above freezing regularly but nighttime temperatures almost 
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always fall back below freezing. As a result, the rate of snowmelt is 

retarded and significant erosion is usually not a problem. 

f) large rain events--return periods 

A commonly used parameter for consideration of road construc-

tion and erosion is the return period precipitation which is a measure 

of the probability of large rain events. Figures 20 and 21 show the 

50-year and 100-year 24-hour return period precipitation for the North 

Park area (Miller, Frederick, and Tracey, 1973}. The values are between 

2.2 inches and 2.4 inches for 50 year return periods and between 2.4 

inches and 2.6 inches for 100 year return periods. These values are 

consistent with the frequency data shown in Figure 16. The basic reason 

for such small return period amounts is that the elevation of the site 

and the mountains shielding the area from east, south, and west severely 

limit the amount of water available for precipitation. As a result the 

convective storms of summer are usually rather light in total amounts 

of rain. 

3) Joint Analyses of Temperature and Precipitation 

Plants respond not solely to temperature or precipitation, but 

to a combination of all climatic elements. 

a) growing season--joint probability 

The potential thermal growing season is 11 potential 11 in that 

active plant growth could potentially occur during this period if soil 

water were continuously available. To calculate the occurrence of favor-

able periods of both air temperature and soil water would require deter-

mining a complete soil water balance. Unfortunately, the necessary data 

are unavailable for virtually all revegetation sites. However, rainfall 
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Figure 20. Isopluvials of 50-year 24-hour precipitation 
(in tenths of an inch) for north central Colorado. 
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Figure 21. Isopluvials of 100-year 24-hour precipitation 
(in tenths of an inch) for north central Colorado. 
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amounts above a reasonable threshold over a period of a few days can be 

used as a surrogate for the soil water balance of the surface layer. 

Once the probabilities of the rainfall amount above a given threshold 

for a given time period are determined, the joint probability of both 

air temperature and rainfall can be calculated. 

For the Walden data the probability of at least 0.20 inches of 

rain occurring within a 3-day period was calculated. The threshold of 

0.20 inches and the 3-day period were used to represent the minimum re-

quirements for growth for newly established plants. 

Figure22 illustrates the joint probability of at least 0.20 

inches of rain within a 3-day period and a 7-day end-element running 

mean air temperature above 40°F (potential thermal growing season). 

The potential thermal growing season influences the joint temperature-

rainfall probability for the first 45 days in the spring and the last 

50 days in the fall. Between the first of June and mid-September, the 

rainfall probability alone determines opportunities for active growth. 

As temperatures warm in the spring the joint probability gradually rises 

to above 0.20 in early June. The joint probability then decreases from 

about the first week in June to a minimum in the first week in July but 

again increases to a high in the last week in July. Thereafter, the 

joint probability erratically decreases until temperature again becomes 

the primary control. 

The joint probability analysis has direct implications for 

plant growth and survival. Although the exact significance of proba-

bility thresholds are not known, some periods are clearly better suited 

for plant growth than others. For example, if one examines the 0.25 

joint probability level across the graph, 4 short periods occur that 
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might be especially favorable for active growth once every 4 years. 

Considering the 0.10 (1 year in 10) joint probability level, two long 

periods favorable for active growth can be expected. However, note the 

low probability for rain between late June and early July. This dip in 

the joint probability suggests a low survival rate for new vegetation 

without the help of irrigation during this high-stress period. This 

example serves to illustrate the uncertainties of favorable periods for 

active growth. The probabilities are average and bear no significance 

for any iroividual year of interest. The joint probability simply illus-

trates the harsh conditions that newly established plants would encounter. 

b) growing season potential evapotranspiration minus 
total precipitation 

Potential evapotranspiration at Walden (calculated by the 

Blaney-Criddle method; Toy, 1979) is approximately 23 inches between 

April and September as seen in Figure 23. The average rainfall for 

the same period is about 7 inches which results in a moisture deficit 

of 16 inches. Figure 23 dramatically illustrates the awesome limita-

tions for optimum growth on revegetated sites near Walden. This, how-

ever, is not of direct practical use since water deficits calculated 

from potential evapotranspiration estimates apply only when the concern 

is for optimum conditions for maximum production. This high level of 

production need not be reached since regulations only require revegeta-

tion sites to be restored to production levels equivalent to native 

plant productivity. 
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