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ABSTRACT

The historical climatic record and an analogue technique were used to charac-

terize present and possible future (wetter) climatic regimes in the southern Great

Basin. The analogue technique considers wet years under current conditions to be

representative of average years under pluvial conditions. Data were grouped on

the basis of wet, average, and dry years to compare characteristics of the seasonal

and daily distribution of precipitation under various climatic conditions. Precipi-

tation during wet years increased most from January to March. Wet- and dry-
day sequences were modeled well with first- and third-order Markov chains,

respectively. Daily storm depths were modeled best with the Weibull distribution.

Maximum temperatures were 3 to 15 °F higher on dry days as compared to wet

days, depending on the month and station. Results of this study provide useful

climatic input data for a water balance model to determine effects of climatic vari-

ability upon recharge.
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INTRODUCTION

Yucca Mountain, in southern Nevada, is currently under consideration as the
site for a permanent federal nuclear repository. The expected life of this reposi-
tory is on the order of 10,000 years - enough time for stored radioactive waste to
decay to a safe level. An important consideration, to ensure safety of the reposi-

tory, is that the site remains suitable to prevent migration of stored waste regard-

less of future climatic changes.

The climate of a region is determined by average weather conditions over a
period of time. Hydrologic systems form in response to the existing climate.
Climatic conditions are likely to undergo dramatic changes over a 10,000 year
period, which will affect hydrologic processes such as recharge and runoff. There-
fore, it is important to examine the climate - recharge relationship; and to deter-

mine how future climatic changes will affect flow through the unsaturated zone,

groundwater flow rates, and the height of the water table.

PURPOSE AND OBJECTIVES

The purpose of this study is to utilize the historical climatic record and an
analogue technique to characterize present and possible future (wetter) climatic
regimes in the southern Great Basin. The analogue method is based on the idea
that wet years in the historical record can be considered to be representative of
average years under a wetter climatic regime. Precipitation and temperature data
were examined on an annual, seasonal, monthly, and daily basis to provide

detailed information about different climatic conditions.



The specific objectives of this study are as follows:

1) to provide a complete characterization of regional climate based on the histori-

cal record;

2) to use the analogue method to provide the seasonal and daily structure of

wetter climatic regimes that may occur in the Yucca Mountain region;

3) to provide climatic input data for a water balance model to determine the effect

of climatic variability upon recharge in the Yucca Mountain environment.

SOUTHERN GREAT BASIN CLIMATOLOGY

AIR MASS TYPES

An air mass is a relatively large body of air with uniform temperature and
moisture characteristics (Houghton et ah,1975). The five different air mass types

and their relative rates of occurrence in Nevada are shown in Table 1.

Table 1. Frequency of Air Mass Types Over Nevada During the Period 1962-1965
(after Houghton et al., 1975).

Percentage of Davs With Each Air Mass Ty pe
Air Mass Type

Winter Spring Summer Fall Annual
Continental Arctic 11 1 0 1 3
Continental Polar 56 42 7 32 34
Maritime Polar 26 27 11 18 21
Maritime Tropical 5 3 16 6 7
Continental Tropical 2 27 66 43 35

Continental arctic air forms over Alaska or northern Canada and then moves

southward into the United States. However, arctic air masses rarely reach Nevada



because they are usually carried east of the Rocky Mountains by the prevailing

westerlies. Strong northerly winds bring very cold, dry arctic air over Nevada

occasionally each winter.

Continental polar air originates in western Canada and comes to Nevada
with northerly winds. This air mass type is associated with cool, dry weather and

is most common from November to April. It is often associated with stagnant

Great Basin highs.

Maritime polar air is the primary source of precipitation in Nevada, and
alternates with continental polar air from November to April. It usually brings
cloudy, wet weather associated with Pacific storms or Great Basin lows. This air
mass type is transitory and usually passes over Nevada more quickly than con-

tinental polar air.

Maritime tropical air is relatively rare in Nevada and occurs primarily in the
summer. This air mass originates in the tropical Pacific Ocean, and occasionally
brings warm, moist air to Nevada in fall or winter months. However, it is most

often associated with local thundershowers from July to September.

Continental tropical air is the most common warm air mass and occurs on
over 50 percent of all days from May to October. It brings warm, dry weather to
Nevada for extended periods of time. It is associated with the subtropical high-
pressure belt, and often results in 100 degree plus temperatures over southern

Nevada.

Summer is the only season which is dominated by one air mass type, con-
tinental tropical. Continental and maritime air alternate during fall, winter, and
spring; whereas polar and tropical air alternate during spring and fall. Therefore,
despite the light precipitation, Nevada is characterized by variable weather pat-

terns (Houghton et al., 1975)



GEOGRAPHICAL INFLUENCES

The southern Great Basin spans approximately two degrees of latitude from
36 to 38 degrees North, and the longitude ranges from 114 to 118 degrees West.
The general atmospheric circulation varies significantly with latitude and longi-
tude, even within the relatively narrow range encompassing the southern Great
Basin. This results in important temperature differences - cooler to the north and
warmer in the south, and significant differences in the relative contributions of

each of the three precipitation mechanisms (Houghton, 1969; Houghton et al.,,

1975).

Elevation and exposure are also important factors to climatic conditions in
the Great Basin. Topography of the area consists of alternating valleys and high
mountain ranges elongated in a north-south direction. Elevation varies approxi-
mately from 2,000 to 13,000 feet; and results in cooler, wetter climates at higher
elevations in contrast to the hot, dry valleys. Exposure is important because
windward slopes often receive more precipitation than leeward slopes (Houghton

et al., 1975; Houghton, 1969).

Another important geographical factor contributing to Nevada’'s climate is
continentality. The continental effect is manifested in the form of dryness and
large temperature variations. This effect is caused by the Sierra Nevada mountain
range along the western edge of the Great Basin, which shields Nevada from mar-
itime winds off the Pacific Ocean. These moisture laden winds are forced to rise,
cool, and condense, thereby causing the vast majority of precipitation to fall on
the western slopes of the Sierras. This results in the rainshadow effect which is

the primary reason for Nevada s dry climate (Houghton et al., 1975).

The temperature regime is also greatly affected by the blocking out of mari-

time air. Maritime air tends to produce relatively mild winters and cool summers,



because ocean temperatures change much slower than land temperatures. How-
ever, the Sierra Nevada mountain barrier creates a continental climate with well

developed seasons - including hot summers and cold winters.

Great Basin climate is also characterized by large daily temperature ranges
due to the abundant occurrence of dry, clear air. This allows maximum penetra-
tion of solar radiation during the day which causes intense heating. However,

clear skies at night result in rapid loss of energy and cool temperatures (Houghton

et al., 1975).

MOISTURE SOURCES AND ATMOSPHERIC CIRCULATION

The moisture sources for precipitation in the Great Basin are: Pacific Ocean,
Gulf of Mexico, and Gulf of California. The Pacific Ocean is the primary source,
and provides virtually all precipitation from October to June. Moisture from the
Gulfs may penetrate the southern Great Basin triggering summer thunderstorms

from July to mid-September (Houghton, 1969; Houghton et al., 1975).

The Aleutian Low and Pacific High are the controlling factors for precipita-
tion from the Pacific source. The Pacific High maintains a relatively stable posi-
tion with its center located between 30 to 40 degrees North and 140 to 150 degrees
West. It expands in summer months, thereby blocking out Pacific fronts from the
southern Great Basin, reaching its most northwestern position in August. It
shrinks in winter months, allowing Pacific fronts to pass over the Great Basin,

and is situated farthest southeast in January (Houghton, 1969).

The Aleutian Low originates along the frontal zone in the western Pacific,
and its primary energy source is the outflow of continental polar air from central
Asia. This area of low pressure extends farthest south in January when it has the

greatest influence on Great Basin climate. The Aleutian Low produces



precipitation along the coast and inland by fronts trailing southward from the
great low pressure belt in the subpolar North Pacific. The heaviest precipitation
south of 40 degrees North occurs when secondary lows develop along these fronts

and move across the southern Great Basin (Houghton, 1969).

The movement of moisture into southern Nevada from the Gulf in summer
months is partially controlled by the positioning of the Pacific and Bermuda
Highs. Westward shifts in these high pressure centers combine with a thermally
induced low (California Low) over the desert southwest to bring warm, moist air
from the Gulfs into the southern Great Basin. This can result in localized late

afternoon and evening convective thunderstorms (Houghton, 1969; Houghton et

al., 1975).

STORM TYPES

Precipitation in the southern Great Basin results from three different mechan-
isms: Pacific fronts, continental cyclones, and summer convection. The relative
importance of each mechanism varies both seasonally and geographically. Hough-
ton (1969) has made a detailed quantitative assessment of the relative contribu-

tions of each mechanism in different portions of the Great Basin.

Pacific fronts provide a majority of the precipitation from October to June.
A typical Pacific type storm begins when a strong low pressure center develops off
the northwest coast of the United States. A cold front moves through California,
and into western Nevada. Southwesterly winds bring in moisture from the ocean
and push it landward over Nevada. A majority of the precipitation falls west of
the Great Basin due to the high mountain barrier created by the Sierra Nevada.
However, the western Great Basin may receive significant amounts of precipita-

tion, depending on the particular storm event. As the front continues to move



eastward it loses moisture, and the eastern Great Basin is less affected by Pacific

fronts (Houghton et ah,1975).

Pacific fronts have a winter maximum and summer minimum. There is
essentially no contribution from this mechanism during summer months since
Pacific fronts pass far north of the Great Basin during this time. However, the
remainder of the year (and especially winter), when a vast majority of total pre-

cipitation falls, is dominated by Pacific fronts (Houghton, 1969).

A second mechanism of precipitation in the Great Basin is continental
cyclones. A typical Great Basin low (cyclone) occurs when a surface low develops
along a cold front moving inland from the Pacific Ocean. Northerly winds bring
cold polar air southward to replace warm air ahead of the front. Because the low
develops over the interior, the eastern and central Great Basin receive most of the
precipitation from this storm type. Continental cyclones have a primary spring
maximum, a secondary fall maximum, and a summer minimum. Interaction of
contrasting air masses, which leads to formation of Great Basin Lows, is most

favorable during spring (Houghton et ah, 1975).

The third mechanism of precipitation in the southern Great Basin operates
exclusively during summer months. It involves convection in moist air brought in
from either the Gulf of Mexico or Gulf of California (Houghton, 1969). Convection
storms occur when the proper positioning of lows and highs allow winds to bring
moist air in from the Gulf. Strong surface heat during the day in summer months
causes a thermal low to develop. This may cause scattered afternoon and evening
thunderstorms if moisture is available (Houghton et ah,1975). Essentially all

summer precipitation in the Great Basin results from the convection mechanism.

A controversy exists concerning the moisture source for summer convection

thunderstorms over the southern Great Basin. Originally, it was widely accepted



that the Gulf of Mexico was the primary source, and weather patterns could
explain the importation of tropical moisture into the desert southwest (Houghton,
1969). However, some researchers (Hales 1972,1974; Smith, 1986) suggest that the

Gulf of California may be the most important source of summer moisture. Furth-

ermore, Hales (1974) suggests that, " ... the importance of the Gulf of Mexico as

a moisture source for the area west of the Continental Divide is minimal. The
evidence provided by Hales (1972,1974) and Smith (1986) gives strong support to

the Gulf of California as the primary source of summer moisture in the desert

southwest.



ANALYSIS OF PRECIPITATION DATA

STUDY AREA

The regional study area lies in the southern Great Basin, and includes south-
ern Nevada and a portion of southeastern California. The western boundary is
formed by the Sierra Nevada Mountains, and the eastern boundary lies at the
Nevada border with Utah and Arizona. Figure 1 shows a location map with the
seven climate stations used in this study. These climate stations surround Yucca
Mountain to a radius of approximately 100 miles. Climate data in this region are
relatively sparse, but the station network selected for this study is considered

sufficient to represent regional weather patterns.

SEASONAL AND MONTHLY PRECIPITATION DATA

Methods

The monthly precipitation data available for the climate station network
used in this study are summarized in Table 2. Mean monthly, seasonal, and
annual precipitation for each station is given in Table 3. A double mass analysis
was performed for the Beatty station to check for a change in slope due to the
1972 station move. The results, shown in Figure 2, indicate no discernible change
in slope. Therefore, the precipitation records at Beatty are assumed to be compa-
tible for the entire period of record. The seasons are defined as follows: winter -
December, January, and February; spring - March, April, and May; summer -
June, July, and August; fall - September, October, and November. The monthly

and seasonal distribution of precipitation varies considerably from station to



Figure 1. Location Map of Study Area and Climate Stations.

10



Station
Name

Adaven

Beatty

Bishop
Caliente
Haiwee

Las Vegas

Tonopah

Dec
Jan
Feb
Mar
Apr
May
Jun

Jul
Aug
Sep
Oct
Nov

Win
Spg
Sum

Fal

Year

Table 3. Mean Monthly, Seasonal, and Annual Precipitation (Inches)

Years of
Record

1915-1978
1918-1986

1945-1986
1929-1985
1924-1986
1896-1986

1955-1986

Table 2. Monthly Precipitation Data.

Missing
Years

1917-1918

1934-1938
1972,1984

None
1930,1938
1965,1984

1900-1907
1912,1951

None

Number of

Complete Years

62
62

42

61
81

Elevation
(ft.)

6,250

3,300
3,550

4,110
4,400
3,800

2,010
2,160

5,430

Derived from the Entire Period of Record at Each Station.

Adaven Beatty
1.29 0.50
134 0.63
1.46 0.76
134 0.60
1.05 0.42
0.82 0.28
0.52 0.15
0.93 0.20
122 0.27
0.61 0.29
0.95 0.28
0.91 0.43
4.09 1.89
321 1.30
2.67 0.62
2.47 1.00

12.44 481

Bishop

0.98
1.09
0.99
0.46
0.33
0.28
0.14
0.19
0.13
0.19
0.24
0.64

3.06
107
0.46
107

5.66

Caliente

0.75
0.82
0.80
1.00
0.74
0.59
0.33
0.89
1.00
0.65
0.86
0.73

2.37
2.33
2.22
2.24

9.16

Haiwee

0.97
1.02
1.20
0.88
0.37
0.22
0.12
0.16
0.29
0.27
031
0.59

3.19
147
0.57
117

6.40

Las Vegas

0.43
0.55
0.53
0.42
0.22
0.19
011
0.48
0.55
0.35
0.27
0.34

151
0.83
114
0.96

4.44

11

Station
Moves

None

1972

None
None
None

1948

None

Tonopah

0.26
0.34
0.47
0.44
0.32
0.53
0.30
0.65
0.61
0.49
0.42
0.48

1.07
129
1.56
139

531
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Figure 2. Double Mass Analysis for Beatty. Five Station Mean:
Bishop, Caliente, Haiwee, Las Vegas, and Tonopah.
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13

station. This variability is due to differences in elevation and changes in the rela-
tive contribution of the three precipitation mechanisms (Pacific fronts, continental

cyclones, and gulf convection) operating in the region.

Results and Discussion

Station elevation is plotted against annual precipitation in Figure 3. Points
are quite scattered on the diagram, but there is an indication that annual precipi-
tation increases with elevation. Tonopah is particularly anomalous in that is has

a very low annual precipitation for its relatively high elevation.

Stations located in the western portion of the study area (Bishop and
Haiwee) show a clear dominance of winter season precipitation (see Figures 4 and
5). This can be attributed to Pacific fronts, which are more moisture laden over
the western Great Basin than to the east. The winter season at Bishop and
Haiwee contributes 54 and 49 percent of the annual total, respectively. Pacific
frontal activity is at its peak during winter months, when essentially all precipita-
tion falling at these stations can be attributed to this source (see Tables 4 and 5).
In addition, the vast majority of spring and fall precipitation at Bishop and
Haiwee is also contributed by Pacific fronts. On a yearly basis, 80 to 90 percent
of all precipitation occurring in the western portion of the study area is contri-
buted by Pacific fronts. Continental cyclones and summer convection are rela-

tively ineffective in this area.
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Table 4. Bishop, Percent Contribution of Each Storm Type to Annual
Precipitation Totals, Based on Houghton’'s Method (1969).

Storm Type Winter Spring Summer Fall Annual
Pacific 98.7 92.0 15.0 80.7 88.4
Continental 1.3 8.0 7.5 8.0 4.3
Gulf 0.0 0.0 775 11.4 7.3

Table 5. Haiwee, Percent Contribution of Each Storm Type to Annual
Precipitation Totals, Based on Houghton’s Method (1969).

Storm Type Winter Spring Summer Fall Annual
Pacific 93.6 89.7 9.7 70.3 80.8
Continental 6.4 10.3 6.5 15.3 9.1
Gulf 0.0 0.0 83.9 14.4 10.1

Stations representing the northeastern portion of the study area (Adaven and
Caliente) display different monthly and seasonal distributions of precipitation
than those to the west. Adaven has a modest winter maximum, but receives
important contributions from all seasons (see Figure 6). Caliente, the easternmost
station, receives virtually the same amount of precipitation in all four seasons (see
Figure 7). More uniform seasonal distribution of precipitation at the northeastern
stations can be attributed to increased effectiveness of continental cyclones and
summer convection. Continental cyclones have a primary spring maximum and
secondary fall maximum. Summer convection activity peaks in the months of
July and August. The percent contribution of each precipitation mechanism at
the northeastern stations is shown in Tables 6 and 7. Both stations receive
approximately the same percentage (20 to 26 percent) from Gulf convection
storms. However, Pacific fronts are still the most important mechanism at

Adaven, whereas continental cyclones predominate at Caliente.
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Table 6. Adaven, Percent Contribution of Each Storm Type to Annual
Precipitation Totals, Based on Houghton’'s Method (1969).

Storm Type Winter Spring Summer Fall Annual
Pacific 79.1 46.7 2.9 34.1 47.3
Continental 20.9 53.3 16.4 42.2 32.6
Gulf 0.0 0.0 80.7 23.7 20.1

Table 7. Caliente, Percent Contribution of Each Storm Type to Annual
Precipitation Totals, Based on Houghton’'s Method (1969).

Storm Type Winter Spring Summer Fall Annual
Pacific 62.0 27.7 13 18.6 28.6
Continental 38.0 72.3 17.7 53.3 45.4
Gulf 0.0 0.0 81.0 28.1 26.1

Beatty is closest to the center of the study area and is located approximately
15-20 miles west of Yucca Mountain. The monthly and seasonal means at Beatty
(Figure 8) display a winter dominated precipitation regime, although not as
extreme as at the westernmost stations. Beatty receives 40 percent of its annual
precipitation in the winter season, compared to 54 and 49 percent at Bishop and
Haiwee, respectively. The annual contribution of Pacific fronts declines from 80-
90 percent at the western stations to less than 60 percent at Beatty (Table 8).
Continental cyclones contribute the majority of the remaining precipitation at
Beatty (30 percent). The Gulf mechanism increases only slightly in importance at

Beatty compared to western stations.

The southern portion of the study area is represented by Las Vegas. The
monthly and seasonal means show a primary winter maximum and secondary

summer maximum (see Figure 9). However, the overall seasonal distribution is
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relatively uniform. Las Vegas receives 34 percent of its annual precipitation in
winter, 24 percent in summer, 20 percent in spring, and 22 percent in fall. The
percent contribution from each precipitation mechanism on an annual basis is
approximately equal (Table 9).

Table 8. Beatty, Percent Contribution of Each Storm Type to Annual
Precipitation Totals, Based on Houghton’s Method (1969).

Storm Type Winter Spring Summer Fall Annual
Pacific 83.3 53.3 4.8 44.6 57.8
Continental 16.7 46.7 22.2 40.2 30.0
Gulf 0.0 0.0 73.0 15.2 12.2

Table 9. Las Vegas, Percent Contribution of Each Storm Type to Annual
Precipitation Totals, Based on Houghton's Method (1969).

Storm Type Winter Spring Summer Fall Annual
Pacific 60.4 44.2 1.0 22.3 34.9
Continental 39.6 55.8 9.3 48.9 38.0
Gulf 0.0 0.0 89.7 28.7 27.1

The monthly and seasonal means for Tonopah (Figure 10) indicate a summer
maximum and winter minimum. This is a different pattern from that observed at
other stations in the study area. The Gulf storm type contributes approximately
40 percent of the annual total, whereas Pacific fronts and continental cyclones
contribute 30 percent each (see Table 10). The continental component dominates

over the Pacific component in spring and fall.

In general, the relative contribution of the Pacific component gradually

decreases on a gradient from west to east. Conversely, the relative contribution of
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Table 10. Tonopah, Percent Contribution of Each Storm Type to Annual
Precipitation Totals, Based on Houghton's Method (1969).

Storm Type Winter Spring Summer
Pacific 78.5 29.5 0.7
Continental 215 70.5 19.3
Gulf 0.0 0.0 80.0

Fall

20.2
47.4
32.5

the continental component gradually increases from west to east. T

Annual

30.5
30.0
39.5

he gulf com-

ponent contributes little at Beatty and western stations, but makes significant

contributions at other stations. These changes in relative contribution of various

components explain the shift from winter dominated precipitation regimes at the

westernmost stations to more uniform seasonal distributions to the east.

DAILY PRECIPITATION DATA

Daily precipitation data available for the climate station network is summar-

ized in Table 11. These data provide a much more detailed characterization of

the regional precipitation regime.

Table 11. Daily Precipitation Data.

Station Years of Missing

Name Record Years

Adaven 1929-1978 1942, 1957, 1959
1971-72, 1975

Beatty 1918-1986 1919, 1922, 1934-40, 1943
1954, 1958,1969-72, 1984

Bishop 1949-1986 1973

Caliente 1929-1984 1930, 1938, 1957, 1967
1969, 1973-78, 1981-82

Haiwee 1930-1986 1939, 1945, 1950
1965, 1984

Las Vegas 1931-1986 1933, 1936, 1938, 1946-48
1950-52, 1954

Tonopah 1955-1986 None

Number of
Complete Years
44
52

37
43

52

46

32
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Frequency and Average Depth

Methods

The daily frequency of precipitation was calculated for each station at vari-
ous threshold values: 0.01, 0.10, 0.25, 0.50, and 1.00 inches. The results, averaged
on a monthly, seasonal, and yearly basis, are shown in Tables 12 to 18. Values in
these tables are given as days per month with precipitation at or above the given
threshold. Average daily storm depths were calculated on a monthly, seasonal,
and annual basis. The results, shown in Table 19, are given as the average

amount of precipitation occurring on wet days.

Results and Discussion

In general, winter and spring have considerably more rainy days (at the 0.01 inch
level) than summer and fall. Winter has the most rainy days of any season at all

stations except Tonopah, which has a spring season maximum.

The rainiest month (at the 0.01 inch level) occurs between January and
March at all stations. January is the rainiest month at Bishop and Las Vegas;
February is the rainiest month at Adaven and Haiwee; and March is the rainiest

month at Beatty, Caliente, and Tonopabh.

In general, winter and fall have greater average storm depths than spring and
summer. However, average daily storm depths are greater during summer than

winter at three stations: Caliente, Las Vegas, and Tonopah.
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Table 12. Adaven, Daily Frequency of Precipitation. Table Values Given as Number

of Days with Precipitation Depths at or Above Threshold Value.

0.01 in.

3.98
5.23
541
4.95
4.59
3.16
2.27
4.02
4.54
2.05
2.48
2.82

14.62
12.70
10.83
7.35

45.50

0.10 in.

2.86
3.75
4.02
3.55
31
2.05
141
2.70
2.86
150
1.86
221

10.63
8.71
6.97
557

31.88

0.25 in.

179
1.98
2.48
2.07
175
1.07
0.82
127
157
0.84
116
127

6.25
4.89
3.66
3.27

18.07

0.50 in.

0.82
1.00
1.09
0.93
0.82
0.32
0.43
0.52
0.70
0.50
0.64
0.73

291
2.07
1.65
187

8.50

1.00 in.

0.18
0.20
0.25
0.18
0.16
0.05
0.07
0.14
0.18
0.14
0.14
0.23

0.63
0.39
0.39
0.51

192

Table 13. Beatty, Daily Frequency of Precipitation. Table Values Given as Number

of Days with Precipitation Depths at or Above Threshold Value.

0.01 in.

2.50
2.83
2.73
3.46
2.23
1.98
0.87
142
179
1.10
148
194

8.06
7.67
4.08
4.52

24.33

0.10 in.

137
1.69
1.69
177
123
0.98
0.46
0.67
0.79
0.67
0.85
113

4.75
3.98
192
2.65

13.30

0.25 in.

0.65
0.87
0.98
0.87
0.56
0.46
0.23
0.21
0.35
0.38
0.56
0.67

2.50
1.89
0.79
161

6.79

0.50 in.

0.23
031
0.42
0.27
0.17
0.13
0.06
0.08
0.19
0.15
0.08
0.15

0.96
0.57
0.33
0.38

2.24

1.00 in.

0.02
0.02
0.10
0.06
0.04
0.02
0.02
0.00
0.06
0.04
0.02
0.08

0.14
0.12
0.08
0.14

0.48
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Table 14. Bishop, Daily Frequency of Precipitation. Table Values Given as Number
of Days with Precipitation Depths at or Above Threshold Value.

Table 15.

0.01 in.

311
3.95
3.27
3.16
2.46
2.54
143
2.46
184
197
1.68
2.73

10.33
8.16
5.73
6.38

30.60

0.10 in.

1.70
211
1.70
1.05
0.84
0.84
041
0.68
0.49
0.73
0.57
132

551
2.73
158
2.62

12.44

0.25 in.

1.03
113
114
0.57
0.43
0.35
0.11
0.19
0.14
0.22
0.16
0.73

3.30
135
0.44
111

6.20

0.50 in.

0.57
0.73
0.54
0.24
0.16
0.08
0.08
0.03
0.00
0.05
0.03
0.49

184
0.48
0.11
0.57

3.00

28

1.00 in.

0.27
0.33
0.16
0.08
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.03

0.76
0.13
0.00
0.03

0.92

Caliente, Daily Frequency of Precipitation. Table Values Given as Number

of Days with Precipitation Depths at or Above Threshold Value.

0.01 in.

4.30
4.35
491
5.00
4.28
3.58
193
4.79
4.95
2.54
3.42
2.93

13.56
12.86
11.67
8.89

46.98

0.10 in.

2.49
244
2.65
277
2.19
175
0.84
2.37
2.72
135
195
179

7.58
6.71
5.93
5.09

2531

0.25 in.

1.05
0.95
1.02
1.30
1.09
0.58
0.44
1.26
149
0.86
1.09
0.95

3.02
297
3.19
2.90

12.08

0.50 in.

0.33
0.28
0.23
0.28
0.33
0.16
0.14
0.40
0.44
0.35
0.42
0.42

0.84
0.77
0.98
119

3.78

1.00 in.

0.05
0.00
0.00
0.02
0.05
0.02
0.00
0.07
0.07
0.02
0.09
0.05

0.05
0.09
0.14
0.16

0.44



Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

29

Table 16. Haiwee, Daily Frequency of Precipitation. Table Values Given as Number

of Days with Precipitation Depths at or Above Threshold Value.

0.01 in.

3.17
3.56
3.73
3.48
194
142
0.62
1.40
131
123
125
2.06

10.46
6.84
3.33
4.54

25.17

0.10 in.

212
212
2.40
187
0.87
0.56
0.27
0.65
0.60
0.67
0.44
127

6.64
3.30
152
2.38

13.84

0.25 in.

125
135
1.69
1.02
0.46
0.31
0.13
0.17
0.38
0.37
0.27
0.62

4.29
179
0.68
126

8.02

0.50 in.

0.65
0.73
0.92
0.71
0.15
0.13
0.04
0.02
0.19
0.13
0.13
0.35

2.30
0.99
0.25
0.61

4.15

1.00 in.

0.27
0.29
0.35
0.15
0.08
0.00
0.00
0.00
0.06
0.02
0.00
0.13

0.91
0.23
0.06
0.15

135

Table 17. Las Vegas, Daily Frequency of Precipitation. Table Values Given as Number

of Days with Precipitation Depths at or Above Threshold Value.

0.01 in.

2.76
3.07
3.02
2.63
1.80
128
0.61
2.19
281
1.80
1.76
185

8.85
571
5.61
541

25.58

0.10 in.

150
1.70
1.69
111
0.76
0.61
0.30
0.89
122
0.94
0.61
0.87

4.89
2.48
241
242

12.20

0.25 in.

0.65
0.80
0.85
0.50
0.33
0.33
0.09
0.46
0.74
0.37
0.26
0.48

2.30
1.16
1.29
111

5.86

0.50 in.

0.22
0.15
0.37
0.28
0.09
0.07
0.02
0.20
0.30
0.17
0.09
0.28

0.74
0.44
0.52
0.54

2.24

1.00 in.

0.00
0.00
0.02
0.02
0.00
0.00
0.00
011
0.13
0.09
0.00
0.07

0.02
0.02
0.24
0.16

0.44
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Table 18. Tonopah, Daily Frequency of Precipitation. Table Values Given as Number
of Days with Precipitation Depths at or Above Threshold Value.

Table 19. Average Daily Storm Depths (in Inches) for Days on which at Least
0.01 inches of Precipitation was Recorded.

0.01 in.

2.34
3.62
3.22
4.10
2.84
331
2.06
3.38
341
2.72
2.06
281

9.18
10.25
8.85
7.59

35.87

Adaven

0.31
0.28
0.31
0.29
0.26
0.23
0.26
0.25
0.27
0.34
0.35
0.35

0.30
0.27
0.26
0.35

0.29

Beatty

0.19
0.20
0.26
0.17
0.18
0.15
0.18
0.14
0.18
0.26
0.20
0.21

0.22
0.17
0.16
0.22

0.19

0.10 in.

1.03
125
141
1.38
1.00
153
0.94
172
159
125
116
137

3.69
391
4.25
3.78

15.63

Bishop

0.32
0.29
0.28
0.14
0.14
0.11
0.10
0.08
0.08
0.11
0.10
0.22

0.30
0.13
0.09
0.16

0.18

0.25 in.

0.16
0.28
0.53
0.63
0.35
0.91
0.38
0.69
0.72
0.62
0.63
0.66

0.97
1.89
179
191

6.56

Caliente

0.19
0.17
0.16
0.18
0.17
0.13
0.17
0.19
0.20
0.22
0.24
0.23

0.17
0.16
0.19
0.23

0.18

Haiwee

0.32
0.32
0.35
0.26
0.19
0.17
0.16
0.12
0.24
0.21
0.17
0.29

0.33
0.22
0.17
0.23

0.26

0.50 in.

0.03
0.00
0.22
0.06
0.06
0.16
0.16
0.38
0.25
0.31
0.28
0.16

0.25
0.28
0.79
0.75

2.07

Las Vegas

0.17
0.16
0.20
0.16
0.12
0.15
0.13
0.19
0.21
0.18
0.12
0.21

0.18
0.15
0.19
0.17

0.17

1.00 in.

0.00
0.00
0.06
0.00
0.00
0.00
0.00
0.16
0.06
0.06
0.00
0.06

0.06
0.00
0.22
0.12

0.40

Tonopah

0.10
0.09
0.15
0.11
0.11
0.16
0.15
0.19
0.18
0.18
0.20
0.17

0.11
0.13
0.18
0.18

0.15
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Calculating the daily frequencies of precipitation and average daily storm
depths is the first step in defining the daily structure of the precipitation regime.
However, it is also necessary to examine the occurrence of sequences of wet and
dry days, as well as the distribution of daily storm depths. Wet and dry day
sequences are important in determining antecedent moisture conditions, which
have significant effects on the process of infiltration. The distribution of daily

storm depths is equally important, because only the heaviest precipitation events

are likely to contribute to recharge.

Markov Chain Analysis

Methods

A Markov chain model was first applied to daily rainfall occurrence by
Gabriel and Neumann (1962). It can be applied to the observed frequency distri-
butions of wet and dry spells. A wet spell is defined as one or more consecutive
days with rain, and a dry spell as one or more consecutive days without rain. A
rainy day is defined as a 24 hour period having at least 0.01 inches of precipita-

tion.

Markov chain models are based on conditional probabilities. First order
models assume that the probability of precipitation occurring on any given day
depends only on whether or not precipitation occurred on the previous day (Weiss,
1964). Second order models consider the two previous days, whereas third order
models consider the three previous days. These models are based on the assump-
tion that weather patterns tend to be persistent; and there is a greater probability

of precipitation on a given day if a wet day occurred the previous day.



32

Results and Discussion

The results of Markov chain analysis on the climate station network are
shown in Appendices A and B. These tables compare observed and expected
(from modeling) frequencies of wet and dry spells of various lengths for each sea-
son. The chi-square goodness of fit test was used to check for statistical
significance. Appendices A and B show the results for chi-square goodness of fit

tests at the 0.05 level.

Wet day sequences are modeled quite well by a first order Markov chain.
Goodness of fit tests indicate that the null hypothesis is rejected for 3 of 28 sea-
sonal data sets at the 0.05 level. The null hypothesis states that the observed dis-
tribution of wet day sequences is given by a first-order Markov chain. These
results indicate an excellent match between observed and expected values. A con-
sistent pattern occurs among the data sets for which the null hypothesis is
rejected at the 0.05 level. Each of these data sets has greater expected than
observed values for one day sequences, greater observed than expected values for
two day sequences, and greater expected than observed values for three day
sequences . This indicates a tendency for wet weather to persist for two days

more often than expected.

Dry day sequences are modeled best by a third-order Markov chain. Good-
ness of fit tests indicate that the null hypothesis is rejected for 5 of 28 seasonal
data sets at the 0.05 level. The null hypothesis states that the observed distribu-
tion of dry day sequences is given by a third-order Markov chain. The third-order
chain provides a better fit than the first-order chain due to the more random
nature of observed dry day sequences. There is no consistent pattern among the

data sets for which the null hypothesis is rejected.
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Observed Wet Day Sequence Distributions

Examination of observed wet-day sequence distributions at the various sta-
tions reveals some interesting seasonal patterns. Defining an event as any
sequence of consecutive wet days, the percentage of events that occur as a given
length can be calculated (see Table 20). Results indicate a tendency for winter to
have a smaller percentage of one day events compared to other seasons. Also, in
most cases summer has the highest percentage of one day events. Similarly,

winter has a greater tendency toward multiple day events compared to other sea-

sons.

These results can be explained in terms of regional synoptic patterns. The
greater tendency toward multiple day events during winter is caused by the per-
sistent nature of Pacific fronts. This storm type is characteristically large in areal
extent and often remains in the area longer than one day. Conversely, summer
convective storms generally have durations on the order of a few hours or less.

Thus, it is not surprising to have a higher percentage of one day events in sum-

mer months.

Spring and fall are seasons of complex interactions between two or three
different storm types. Spring season precipitation may be caused by Pacific fronts
or continental cyclones. It is also a season of markedly contrasting air masses
interacting together. Large temperature differences between adjacent air masses
generally cause storm systems to move through an area more quickly than in
winter. This results in relatively higher percentages of one day events and fewer

events of longer duration (as compared to winter).

Fall season precipitation is contributed by any of the three storm types. The
fall season has a tendency toward markedly contrasting air masses (like spring)

which move storms through quickly. September is also a month with short
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Table 20. Percentage of precipitation events at various durations.

Season Duration (Days) Adaven Beatty Bishop Caliente Haiwee Las Vegas Tonopah

Winter 1 63 67 53 58 57 62 63
2 24 23 33 29 28 25 25

3 8 5 7 6 7 8 7

4 - 6 5 7 7 8 5 4

Spring 1 66 &8 61 60 70 75 66
2 21 22 31 22 21 19 26

3 7 6 5 11 6 4 5

4 - 6 4 2 7 3 2 3

Summer 1 62 75 69 61 73 76 64
2 24 20 22 22 19 17 25

3 9 4 7 10 6 5 7

4 - 5 1 3 7 2 2 5

Fall 1 66 68 62 60 55 73 61
2 25 23 28 25 33 23 27

3 5 5 6 10 8 3 7

4- 4 4 5 6 3 1 5

duration convective storms. Therefore, one would again expect higher percentages

of one day events during fall (as compared to winter).

Modeling Storm Depths with the Weibull Distribution

Methods

The distributions of daily storm depths were modeled by categorizing the
observed data into 0.05 inch blocks. Thus, all daily storm depths between 0.01
and 0.05 inches were grouped together, 0.06 to 0.10 inches, 0.11 to 0.15 inches,
etc. This provided the observed daily storm depth distribution. Three different

distributions were applied to these data: exponential, gamma, and Weibull. The
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best fit, according to the chi-square goodness of fit test, was obtained with the
Weibull distribution. Parameter estimates for the Weibull distribution were

obtained using the method of moments (see Appendix C).

Results and Discussion

Appendix C shows the observed and expected values modeled with the
Weibull distribution, and the chi-square goodness of fit test run on the results.
The chi-square tests indicate that the null hypothesis is rejected for 12 of 28 data
sets at the 0.05 level. The null hypothesis states that the observed distribution of
storm depths is given by the Weibull distribution. The most difficult aspect of the
observed distribution to model is that there are many more observations in the

0.01 to 0.05 inch category than the model distribution can predict.

Observed Daily Storm Depth Distributions

Examination of the observed distributions of daily storm depths reveal some
general seasonal patterns. Table 21 shows a seasonal breakdown of the percentage
of daily storm depths falling in various categories. The percentage of daily depths
falling into the 0.01 to 0.05 inch categoiy steadily increases from a minimum in
winter to a higher percentage in spring, and a maximum in summer. There is a
decline in percentage of 0.01 to 0.05 inch depths going into the fall months. The
percentage of daily depths in the 0.31 inches and greater category is generally
higher in winter and fall. However, Caliente, Las Vegas, and Tonopah have high
percentages of daily depths in the 0.31 inches and greater category during summer

months.
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Table 21. Percentage of daily storm depths falling in various categories.

Season Depth (inches) Adaven Beatty Bishop Caliente Haiwee Las Vegas Tonopah
0.01 - 0.05 17 29 36 29 24 36 49
0.06 - 0.10 17 17 12 20 14 13 13
Winter 0.11- 0.20 19 18 16 22 17 20 22
0.21 - 0.30 13 12 9 13 10 12 9
0.31 - 34 25 28 16 35 18 6
0.01 - 0.05 19 37 54 36 39 43 50
0.06 - 0.10 18 16 16 16 15 19 15
Spring 0.11 - 0.20 20 19 12 21 15 16 13
0.21 - 0.30 12 1 5 12 9 7 10
0.31 - 31 17 13 15 21 15 12
0.01 - 0.05 22 40 61 37 40 45 36
0.06 - 0.10 18 17 16 15 16 15 21
Summer 0.11- 0.20 23 19 12 16 17 14 18
0.21-0.30 9 9 6 11 10 6 8
0.31 - 28 15 5 21 17 20 17
0.01 - 0.05 15 31 45 33 34 43 40
0.06 - 0.10 12 14 15 12 16 17 13
Fall 0.11 - 0.20 23 13 17 19 18 15 19
0.21 - 0.30 13 17 8 10 8 9 10
0.31 - 37 26 14 26 24 16 19

Regional synoptic patterns are again in general agreement with the observed
distributions. Pacific fronts are usually stronger and more intense during winter
months when the jet stream is farthest south. This results in longer duration and
higher intensity precipitation events over a 24 hour period. Therefore, Pacific
fronts will tend to produce greater daily depths during winter months than in
either spring or fall. Spring and fall months are generally characterized by
weaker, less intense Pacific fronts caused by the more northerly position of the jet

stream.
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Summer months are characterized by convective thunderstorm activity. A
vast majority of these events are brief and sparse in nature, resulting in daily
depths in the 0.01 to 0.05 category. However, areas of more frequent convective

activity, such as extreme eastern and extreme southern Nevada, tend to get more

intense and longer duration thunderstorms. These types of thunderstorms may

produce locally large daily depths, as seen at Caliente, Las Vegas, and Tonopah.
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SOUTHERN GREAT BASIN PALEOCLIMATOLOGY

The Quaternary paleoclimatic conditions of the southwestern United States
have been studied extensively using various methods. Three studies in particular
have attempted to estimate climatic conditions as they existed 18,000 years ago
(during the last glacial maximum or LGM) within the study area encompassed by
the climate station network. These studies are: 1) Spaulding’s (1983) packrat
midden study; 2) Mifflin and Wheat's (1979) pluvial lake shorelines study, and 3)
the Kent State (1985) computer model study. The results of these studies provide

a basis for defining wet years in the historical record.

SPAULDING’S STUDY

Spaulding (1983) examined plant macrofossils from ancient packrat middens
around the Nevada Test Site to determine climatic conditions over the past 45,000
years. It was assumed that packrat middens can provide a reasonably accurate
history of late Quaternary environments. Plant macrofossils were radiocarbon
dated to allow reconstruction of past vegetation and a chronology of its change
over the years. Spaulding examined 100 different plant fossil assemblages from

southern Nevada covering 5,250 feet of vertical relief.

Spaulding concluded that climatic conditions over the past 45,000 years were
both cooler and wetter. The greatest departure from present conditions occurred
approximately 18,000 years ago during the LGM (see Table 22). Plant fossil evi-
dence suggests an average temperature drop of 11 to 13 °F, and a precipitation
increase of 30 to 40 percent compared to modern conditions. A seasonal break-
down shows a 60 to 70 percent increase in winter precipitation and a 40 to 50 per-

cent decrease in summer precipitation.
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MIFFLIN AND WHEAT’S STUDY

Mifflin and Wheat (1979) mapped pluvial lake shorelines and distributions,
and established age relationships in order to estimate pluvial climates in closed
basins. The surface areas of pluvial lakes were taken as quantitative measures of

the climate existing at that time.

Mifflin and Wheat proceeded to develop a set of equations based on observed
evidence. Results of their study indicate a 5 °F decrease in mean annual tempera-
ture, and a 70 percent increase in precipitation under full pluvial conditions.
However, they indicated a range of precipitation increases from 50 to 80 percent,

depending on location, with southern Nevada averaging closer to 50 percent.

Table 22. Comparison of Paleoclimate Estimates for 18,000 Years Ago.
Precipitation Given as Percent Change from Modern; Temperature in °F.

Study Annual Winter Summer Annual Winter Summer
ppt ppt ppt temp temp temp
Spau)ding(1983) +30 to +40 +60 to +70 -40 to -50 -11 to-13 -11 -13 to -14
Mifflin and Wheat (1979) +55 - - -5
Kent State (1985) +35 +24 +42 +2 +5 -2

KENT STATE STUDY

The Kent State computer model, developed by Craig and Roberts (1985), is a
regression based statistical model. It provides mean monthly values of precipita-
tion and temperature for southern Nevada and southeastern California, and can
be solved under modern or LGM conditions. The model uses a 7.5 minute grid

spacing to provide individual climate estimates for each grid square. Sea surface
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temperature, wind direction, and topography are important in developing the

regression equations upon which the model is based.

Results from the modeling study (see Table 22) indicate a 35 percent increase
in annual precipitation and a 2 °F increase in mean annual temperature under
LGM conditions. A seasonal breakdown shows a 42 percent increase in summer
(June to August) precipitation and a 24 percent increase in winter (December to

February) precipitation. Temperatures were slightly cooler in summer and

warmer in winter.

DISCUSSION

The overall results of the three paleoclimate studies indicate an increase for
annual precipitation in the range of 30 to 55 percent during LGM conditions.
However, there is not good agreement concerning the seasonal distribution of pre-
cipitation under pluvial conditions. Temperature estimates derived from these
paleoclimatic studies are also not in agreement, although the general consensus is

that pluvial conditions were cooler than present.

THE ANALOGUE TECHNIQUE

METHODS

An analogue method makes the assumption that present day climatic varia-
bility includes extreme events which were significantly more frequent in the past
to comprise a different mean climatic regime (Barry, 1981). This idea has been

used by some to map hypothetical patterns of LGM atmospheric circulation
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conditions (Willett, 1950; Lamb, 1964). This study uses the analogue approach to
compare the seasonal, monthly, and daily distribution of precipitation under
current mean conditions versus current extreme-wet conditions. The -current

extreme-wet conditions are considered to be representative of past mean condi-

tions.

The paleoclimatic studies are used as a basis to define extreme wet years in
this study. The three previous studies indicate an increase in annual precipitation
of 30 to 55 percent during LGM over modern conditions in the southern Great
Basin. For the climate station network used in this study it was necessary to use
the wettest 1/3 of the years in each data set. For example, a precipitation data
set with 60 years of record would require the 20 wettest years to define current
extreme-wet conditions (equal to past mean regime). The 20 wettest years are
averaged together to define extreme conditions. Table 23 shows the percent
increase in annual precipitation obtained at each station when defining extreme
wet years as 1/3 of the entire data set. The increases in annual precipitation
ranged from 34 to 69 percent, very close to the range of 30 to 55 percent

estimated in the literature.

Although there is general agreement in the literature concerning the increase
in annual precipitation under LGM conditions, it is possible that climatic condi-
tions may have been even wetter than these studies indicate. Therefore, it is
desirable to use this analogue approach to estimate climatic conditions under an
even wetter regime. This can be accomplished using 1/2 of the years previously
defined as extreme wet years - the wettest 1/6 of the years in the entire record.
For example, a data set with 60 years of record would require the wettest 10 years
to define current extreme-wet conditions for this scenario. Table 23 shows the

range of increases in annual precipitation, 49 to 103 percent, obtained using 1/6 of
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the record. Tables 24 and 25 show the monthly, seasonal, and annual mean pre-

cipitation for data sets representing the wettest (1/3) and wettest (1/6) years,

respectively.

Table 23. Definition of Extreme Wet Year Data Sets, and Percent Increase in
Annual precipitation Represented by Each Data Set.

Total Wettest 1/3 Wettest 1/6
Station Years
of Number Percent Number Percent
Record of Years Increase of Years Increase
Adaven 62 21 34 11 51
Beatty 62 21 52 11 75
Bishop 42 14 66 7 103
Caliente 55 18 35 9 49
Haiwee 61 20 69 10 103
Las Vegas 80 27 49 14 72
Tonopah 32 11 44 5 69

RESULTS AND DISCUSSION

Clustering of Wet Years

Wet years were analyzed to determine whether or not they tend to occur in
groups. Years comprising the wettest (1/3) data sets for each station are plotted
in Figure 11. The runs test was applied for each station to test for randomness in
the sequential occurrence of wet and non-wet (middle 1/3 and driest 1/3) years.
The observed number of runs was tested against the expected number of runs for
randomness. The null hypothesis, which states that runs of wet and non-wet
years are random, was tested at the 0.05 level of significance. Table 26 shows

results of the runs tests.
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Table 24. Mean Monthly, Seasonal, and Annual Precipitation
(Inches) for the Wettest (1/3) Years.

Adaven
1.84
1.79
2.00
2.05
153
0.71
0.67
1.28
1.42
0.85
1.24
1.33
5.63
4.29
3.37
3.42

16.71

Table 25. Mean Monthly, Seasonal, and Annual Precipitation
(Inches) for the Wettest (1/6) Years.

Adaven

151
2.35
231
2.77
1.96
0.89
0.94
1.23
1.49
122
1.08
1.06
6.17
5.62
3.66
3.36

18.81

Beatty

0.65
1.06
1.10
1.04
0.71
0.43
0.23
0.26
0.41
0.47
0.30
0.66
2.81
2.18
0.90
1.43

7.32

Beattv
0.74
1.32
1.52
1.47
0.87
0.16
0.17
0.35
0.34
0.49
0.36
0.61
3.58
2.50
0.86
1.46

8.40

Bishop
1.73
2.31
2.05
0.84
0.50
0.21
0.19
0.14
0.15
0.23
0.35
0.64
6.09
155
0.48
1.22

9.34

Bishop
2.83
3.08
2.30
0.97
0.62
0.14
0.06
0.19
0.13
0.21
0.52
0.42
8.21
1.73
0.38
1.15

11.47

Caliente

0.74
1.23
1.26
1.47
1.08
0.65
0.51
1.25
112
0.86
117
1.02
3.23
3.20
2.88
3.05
12.36

Caliente
0.84
0.89
1.36
1.60
1.40
0.60
0.45
1.77
1.16
1.19
1.44
0.97
3.09
3.60
3.38
3.60

13.67

Haiwee

1.40
1.90
2.46
1.69
0.64
0.24
0.13
0.21
0.47
0.44
0.52
0.73

5.76
2.57
0.81
1.69

10.83

Haiwee
2.03
2.64
2.55
2.13
0.74
0.10
0.14
0.28
0.63
0.34
0.85
0.57
7.22
2.97
1.05
1.76

13.00

Las Vegas

0.57
0.98
0.88
0.64
0.32
0.24
0.22
0.63
0.76
0.53
0.34
0.51
2.43
1.20
161
1.38

6.62

Las Vegas
0.63
1.29
1.09
0.79
0.39
0.30
0.14
0.74
0.81
0.60
0.34
0.50
3.01
1.48
1.69
1.44

7.62

43

Tonopah

0.32
0.45
0.69
0.76
0.46
0.55
0.31
121
0.99
0.75
0.48
0.65
1.46
177
251
1.88

7.62

Tonopah

0.34
0.50
0.83
1.26
0.89
0.85
011
0.67
0.85
117
0.47
1.03
1.67
3.00
1.63
2.67

8.97
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The null hypothesis was rejected for Tonopah, and failed to be rejected for
the other six stations. Therefore, wet years tend to occur in non-random groups
for Tonopah and in random groupings for other stations. However, closer inspec-
tion of Figure 11 reveals that an extremely wet period occurred from 1976 to
1984. During this 9-year period all stations (not including Adaven) except Bishop
had at least five wet years. Furthermore, 1978 and 1983 rank as two of the (top

five) wettest years in the entire period of record.

Table 26. Runs Test Results for Station Network.

Adaven Beatty Bishop Caliente Haiwee Las Vegas Tonopah
z 0.10 0.64 0.47 1.79 0.62 0.70 -3.37
r 28 31 21 3 30 A 7
ni 40 4 28 37 4 45 21
n2 20 21 14 18 20 23 n
E(u) 27.67 28.77 19.67 25.22 27.89 31.44 15.44
var(u) 11.60 12.19 8.04 10.41 11.60 13.39 6.26

Note: Z = [r- E(u)] / var(u); r = actual number of runs; Nn1= number of non-wet years;
N2 = number of wet years; E(u) — expected value of sampling distribution;

and var (u) = variance of sampling distribution.

Annual Variation

A closer examination of Table 23 reveals a geographic pattern in the percent
increases in annual precipitation. Western stations have significantly greater
increases in extreme wet year (versus mean) annual precipitation than eastern sta-
tions. Precipitation at Bishop and Haiwee increases 66 and 69 percent for the
wettest (1/3) years, compared to 34 percent and 35 percent for Adaven and
Caliente. Similarly, precipitation at both Bishop and Haiwee increases 103 per-

cent for the wettest (1/6) years, compared to 51 percent and 49 percent for
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Adaveix and Caliente. Beatty, with its more central location, increases its precipi-
tation 52 percent for the wettest (1/3) and 75 percent for the wettest (1/6) years.
The increases shown for Beatty are approximately midway between those for the
western and eastern stations. The percent increases for extreme wet years at Las

Vegas and Tonopah are close to those for Beatty.

Seasonal Variation

Seasonal Contribution to Total Annual Precipitation

An important consideration is how the seasonal distribution of precipitation
may change under different climatic regimes. In this study the precipitation data
sets for each station are grouped into three subsets - driest (1/3), middle (1/3),
and wettest (1/3). An additional subset is included for the wettest (1/6) at each
station. The years in each subset are averaged together to obtain seasonal and
annual means. Table 27 shows the seasonal percent contribution to the annual

total for each subset at each station.

Table 28 provides a comparison between annual mean precipitation for the
middle years and entire period of record. Means for the two data sets are very
close for all stations except Bishop and Haiwee. Greater differences between the
means at Bishop and Haiwee are due to the nature of extreme wet years at those
stations. The western stations have wet years as much as 300 percent greater
than their annual (entire period of record) mean. Meanwhile, dry years can not
decrease more than 100 percent below the annual mean. Therefore, the mean for
the middle years is below the mean for the entire period of record. Wet years at

other stations do not increase as much as 300 percent above the annual mean.



Table 27. Seasonal Percent Contributions to Annual Means for the Driest (1/3),
Middle (1/3), Wettest (1/3), and Wettest (1/6) Years.

Percent of Annual Mean

Station Subset Number Range Annual

of Years (Inches) Mean (In.) Winter Spring Summer Fall

Adaven Driest 1/3 21 5.76 - 10.55 8.47 34.9 222 20.1 22.8
Middle 1/3 20 10.82 - 13.55 12.21 30.2 287 241 17.0

Wettest 1/3 21 13.65 - 23.60 18.71 337 25.7 20.2 205

Wettest 1/6 1 15.19 - 23.60 18.81 328 29.9 195 17.9

Beatty Driest 1/3 21 0.70 - 3.38 237 46.0 236 14.8 15.6
Middle 1/3 20 3.65 - 5.59 4.79 37.0 24.4 13.2 255

Wettest 1/3 21 5.78 - 12.15 7.32 384 29.8 12.3 19.5

Wettest 1/6 1n 6.60 - 12.15 8.40 42.6 29.8 10.2 174

Bishop Driest 1/3 14 1.50 - 3.66 2.60 36.9 24.6 15.4 231
Middle 1/3 14 3.86 - 6.36 4.96 427 20.0 9.7 27.6

Wettest 1/3 14 6.37 - 17.37 9.34 65.2 16.6 51 13.1

Wettest 1/6 7 8.58 - 17.37 11.47 71.6 15.1 33 10.0

Caliente Driest 1/3 18 2.24 - 8.07 6.15 322 17.1 26.5 242
Middle 1/3 19 8.10 - 10.43 9.05 214 30.2 23.9 245

Wettest 1/3 18 10.48 - 18.15 12.36 26.1 25.9 233 247

Wettest 1/6 9 11.85- 18.15 13.67 226 26.3 247 26.3

Haiwee Driest 1/3 20 1.56 - 4.02 2.80 458 24.6 12.5 171
Middle 1/3 21 4,05 - 753 5.60 457 211 9.3 239

Wettest 1/3 20 7.54 - 17.80 10.85 53.2 23.7 75 15.6

Wettest 1/6 10 10.09 - 17.80 13.00 55.5 228 8.1 135

Las Vegas Driest 1/3 27 112 -3.27 2.39 28.0 19.2 28.0 24.7
Middle 1/3 26 3.28 - 497 4.32 338 19.2 26.4 20.6

Wettest 1/3 27 5.02 - 10.00 6.62 36.7 18.1 243 20.8

Wettest 1/6 14 6.63 - 10.00 7.62 39.5 19.4 22.2 18.9

Tonopah Driest 1/3 1 2.06 - 4.13 3.13 20.8 249 31.0 233
Middle 1/3 10 4.15 - 6.01 5.08 19.9 26.0 232 30.9

Wettest 1/3 1 6.06 - 10.65 7.62 19.2 23.2 329 24.7

Wettest 1/6 5 7.14 - 10.65 8.97 18.6 33.4 18.2 29.8
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Table 28. Comparison of Annual Mean Precipitation for the
Entire Period of Record and Middle (1/3) Years.

Annual Mean PPT Annual Mean PPT
Station (Inches) for Entire (Inches) for Middle (I/3)/Enure Record
Period of Record Middle (1/3) Years
Adaven 12.44 12.21 0.98
Beatty 4.81 4.79 1.00
Bishop 5.66 4.96 0.88
Caliente 9.16 9.05 0.99
Haiwee 6.40 5.60 0.88
Las Vegas 4.44 432 0.97
Tonopah 5.31 5.08 0.96

The western stations (Bishop and Haiwee) show substantial increases in per-
cent contribution for the winter season under increasingly wetter conditions (see
Table 27). Bishop receives 37 percent of its annual total during winter in dry
years, 43 percent during winter in average (i.e. middle 1/3) years, 65 percent dur-
ing winter in wet (1/3) years, and 72 percent during winter in wet (1/6) years.
Haiwee receives approximately 46 percent of its annual total during winter in dry
to average years, 53 percent during winter in wet (1/3) years, and 56 percent dur-

ing winter in wet (1/6) years.

Conversely, the western stations show steadily decreasing summer contribu-
tions under increasingly wetter conditions. Bishop receives 15 percent of its
annual total during summer in dry years, 10 percent during summer in average
years, 5 percent during summer in wet (1/3) years, and 3 percent during summer
in wet (1/6) years. Similarly, Haiwee receives a greater summer percent contribu-

tion during dry years than during wet years.

The spring and fall seasons at Bishop and Haiwee do not show distinct pat-

terns as do winter and summer. The spring season at Bishop shows a steady
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decrease in percent contribution going from dry to wet years. However, the spring
season at Haiwee displays a relatively constant contribution in each subset. The
pattern of change in fall season contribution is similar for both stations. The
greatest percent contribution for the fall season at Bishop and Haiwee is during

average years, whereas the smallest fall percent contribution is during wet years.

Patterns of change in seasonal percent contribution at the northeastern sta-
tions (Adaven and Caliente) are less apparent than those for the western stations.
In general, the winter contribution to annual totals at Adaven and Caliente is
greater during drier years than during wetter years. The spring contribution is
greater during wet years as compared to dry years. The summer contribution at
Caliente is slightly greater during dry years; whereas at Adaven summer contri-
butes its greatest percentage during average years. Fall contributions at Adaven

are slightly greater during dry years, and approximately constant at Caliente.

The patterns of change in seasonal percent contribution at Beatty represent a
combination of those observed at western and northeastern stations. Winter at
Beatty more closely resembles northeastern sites in that the greatest percent con-
tribution occurs during dry years. The spring season contributes greater percen-
tages of the annual total during wet years. The summer season at Beatty is simi-
lar to western stations in that it contributes less during wetter years. The fall

season contributes most during average years.

The southern portion of the study area is represented by Las Vegas. The
winter season contributes an increasingly higher percentage of annual precipitation
in going from drier to wetter climatic regimes. Conversely, the summer season
contribution steadily decreases under increasingly wetter conditions. The spring
season remains virtually constant under all climatic conditions, whereas fall

displays a tendency to contribute a higher percentage of annual precipitation

ymil

\i
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under drier conditions.

Seasonal percent contributions to annual totals at Tonopah do not show anv
uniform patterns. Summer contributes the greatest percentage during the driest
and wettest (1/3) years. Fall contributes the most during the middle years, and
spring contributes the most during the wettest (1/6) years. Winter contributes

the least under all climatic conditions.

Overall, some similar patterns exist among the stations. Winter contributes
significantly greater percentages of the annual total during wet years at the fol-
lowing stations: Bishop, Haiwee, and Las Vegas. Winter contributes less during
wet years (compared to dry years) at Adaven, Beatty, Caliente, and Tonopah.
Spring contributes greater percentages of the annual total during wet years (com-
pared to dry years) at Adaven, Beatty, and Caliente. The spring percentage is
less under wetter conditions at Bishop. Summer contributes smaller percentages
of the annual total under increasingly wetter conditions at Beatty, Bishop,
Haiwee, and Las Vegas. The fall season contributes less during wet years (as com-

pared to dry years) at Adaven, Bishop, Haiwee, and Las Vegas.

Percent Increase in Seasonal Precipitation

Another method of examining shifts in the seasonal distribution of precipita-
tion is to calculate the percent increase in precipitation for each season during wet
years as compared to modern mean conditions (the entire period of record) as
given in Tables 29 and 30. During the wettest (1/3) years winter precipitation
increases more than other seasons at three stations: Bishop, Haiwee, and Las
Vegas. The maximum precipitation increase at Beatty occurs during spring and
at Tonopah during summer. Each season has approximately the same percent

increase in precipitation at Adaven and Caliente.
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Table 29. Percent Annual and Seasonal Increase in Precipitation for the
Wettest (1/3) Years Compared to the Entire Period of Record.

Station Winter Spring Summer Fall Annual
Adaven +38 +34 +26 +38 +34
Beatty +49 +68 +45 +43 +52
Bishop +99 +45 +7 +18 +66
Caliente +36 +37 +30 +36 +35
Haiwee +81 +75 +42 +44 +69
Las Vegas +60 +45 +41 +45 +49
Tonopah +36 +37 +61 +35 +44
Average +57 +49 +36 +37 +50

In general, the greatest precipitation increases for the wettest (1/3) years
occur during the season of maximum precipitation under modern mean conditions.
The only exception occurs at Beatty which has a winter maximum but a much
larger increase in spring season precipitation. The seven station seasonal averages
show that winter is the season of maximum increase at 57 percent followed by

spring at 49 percent.

The increases in seasonal precipitation for the wettest (1/6) years are given in
Table 30. Winter is again the season of maximum increase at Bishop, Haiwee,
and Las Vegas. Spring is the season of maximum increase at Adaven, Beatty, and
Tonopah. Fall is the season of maximum increase at Caliente. Overall results
indicate that spring season precipitation increases nearly as much as winter season

precipitation for the wettest (1/6) years.
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Table 30. Percent Annual and Seasonal Increase in Precipitation for the
Wettest (1/6) Years Compared to the Entire Period of Record.

Station Winter Spring Summer Fall Annual
Adaven +51 +75 +37 +36 +51
Beatty +89 +92 +39 +46 +75
Bishop +168 +62 -17 +7 +103
Caliente +30 +55 +52 +61 +49
Haiwee +126 +102 +84 +50 +103
Las Vegas +99 +78 +48 +50 +72
Tonopah +56 +133 +4 +92 +69
Average +88 +85 +35 +49 +75

Monthly Variation

Comparing monthly values of precipitation under various climatic conditions,
the western stations (Bishop and Haiwee) show very similar patterns (Figures 12
and 13). In general, the only significant differences between wet, average (i.e. mid-
dle 1/3), and dry years occur from December to March. The months from April
to November make little difference in determining the wet or dry status of a given

year at western stations.

December receives the most precipitation during dry years at Bishop and
Haiwee. November is an unusually wet month during average years. January
and February are the months of maximum precipitation during wet years. The

driest time of year under all climatic conditions is either June or July.

A comparison of the two wet climatic regimes, selected for this study, are
shown in Figures 12 and 13 for Bishop and Haiwee. Once again the general pat-

tern for the two western stations is quite similar.



Figure 12. Bishop, Mean Monthly Precipitation Under Various Climatic
Conditions: Wettest (1/6), Wettest (1/3), Middle (1/3), and Driest (1/3).



PRECIPITATION (INCHES)

PRECIPITATION (INCHES)

Figure 13. Haiwee, Mean Monthly Precipitation Under Various Climatic
Conditions: Wettest (1/6), Wettest (1/3), Middle (1/3), and Driest (1/3).
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The wettest (1/6) years receive substantially greater precipitation amounts during

the months of December and January, as compared to the wettest (1/3) years.

The northeastern stations, Adaven and Caliente, present a more complex pat-
tern when comparing monthly precipitation totals (Figures 14 and 15). For
Adaven, the months showing the biggest gains during wet years (over average
years) are December, February, March, and November. For Caliente, the months

showing the biggest gains are January, February, July, and October.

The month of maximum precipitation during dry years at Adaven and
Caliente is December. The wettest month during average years is August at both
stations. Wet years receive their maximum precipitation in March. In general,

June is the driest month under all climatic conditions at Adaven and Caliente.

Comparisons of the two wetter climatic regimes (top 1/6 and 1/3) for
Adaven and Caliente are also shown in Figures 14 and 15. The months from
January to April present the most significant differences in precipitation totals at
Adaven. The wettest (1/6) years at Caliente have significantly greater precipita-
tion totals for the months of April, July, September, and October as compared to

the wettest (1/3) years.

Overall, the patterns seen at the northeastern stations are considerably more
complex than those observed at the western stations. However, this is not surpris-
ing in terms of the synoptic situation. The western portion of the study area is
clearly dominated by Pacific fronts, which reach peak activity during winter
months. Therefore, the wet or dry status of a given year is almost entirely depen-
dent upon the amount of winter season precipitation at the western stations.
Northeastern stations receive relatively equal amounts of precipitation from three
storm types: Pacific fronts, continental cyclones, and summer convection. Each

storm type has a peak activity in different seasons and monthly precipitation



PRECIPITATION (INCHES)

PRECIPITATION (INCHES)

Figure 14. Adaven, Mean Monthly Precipitation Under Various Climatic
Conditions: Wettest (1/6), Wettest (1/3), Middle (1/3), and Driest (1/3).
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PRECIPITATION (INCHES)

PRECIPITATION (INCHES)

Figure 15. Caliente, Mean Monthly Precipitation Under Various Climatic
Conditions: Wettest (1/6), Wettest (1/3), Middle (1/3), and Driest (1/3).
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values are more uniformly distributed on an annual basis. Therefore, the wet or

dry status of a given year at the northeastern stations may be dependent upon

any combination of three different precipitation mechanisms.

December and February are the months of maximum precipitation during
dry years at Beatty (Figure 16). February is the wettest month during average
years. January, February, and March are all very wet months during wet years.

The driest month for all climatic conditions at Beatty is June.

A monthly comparison of precipitation totals at Beatty for the two wet
climatic regimes is also shown in Figure 16. The months from January through
March provide essentially the entire difference in annual totals for the wettest

(1/6) years compared to the wettest (1/3) years.

The distribution of monthly precipitation totals for different climatic condi-
tions at Beatty is very similar to patterns observed at the western stations
(Bishop and Haiwee). However the winter season dominance is somewhat dimin-
ished at Beatty, whereas the early spring months make a more significant contri-

bution to wet-year annual totals at Beatty.

A comparison of monthly precipitation totals under various climatic condi-
tions at Las Vegas is shown in Figure 17. Monthly precipitation maximums dur-
ing dry years occur in December and August. The wettest months during average
years are January-February and July-August. Wet years receive their maximum
monthly total in January. The most significant differences between the wettest

(1/6) and wettest (1/3) years occurs during January and February.

The plots for Las Vegas show the importance of both winter and summer
season precipitation. However it is apparent that differences in winter months

play a more important role in determining the wet or dry status of a given year.



PRECIPITATION (INCHES)

PRECIPITATION (INCHES)

Figure 16. Beatty, Mean Monthly Precipitation Under Various Climatic
Conditions: Wettest (1/6), Wettest (1/3), Middle (1/3), and Driest (1/3).
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PRECIPITATION (INCHES)

PRECIPITATION (INCHES)

Figure 17. Las Vegas, Mean Monthly Precipitation Under Various Climatic
Conditions: Wettest (1/6), Wettest (1/3), Middle (1/3), and Driest (1/3).
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Average monthly precipitation totals under various climatic conditions at
Tonopah are shown in Figure 18. The wettest month during both dry and wet
years is July. The wettest month during average years is October. June is the
driest month during wet and dry years, whereas December is driest during average
years. The data for Tonopah is unusual in that summer months are most impor-

tant in determining the wet or dry status of a given year.

Overall, December is the wettest month for the driest (1/3) years at most sta-
tions. The wettest month under wet conditions occurs between January and

March. June is generally the driest month under all conditions.

Daily Variation

Frequency and Average Depths

Daily precipitation data for each station were also grouped into three subsets:
wet, average, and dry years. Daily frequency of rain and average daily storm

depths were calculated for the middle (1/3) and wettest (1/3) years.

The western stations, Bishop and Haiwee, show some important differences
between average (i.e. middle 1/3) and wet years (Tables 31 and 32). On a yearly
basis, Haiwee has ten and a half more rainy days during wet years compared to
an increase of only four and a half days during wet years at Bishop. On a sea-
sonal basis, Bishop has an increase of four rainy days during wet-year winters
(compared to average-year winters). Thus, 90 percent of the increase in rainy
days during wet years occurs during the winter season at Bishop. Conversely, less
than 40 percent of the increase in rainy days during wet years occurs during

winter at Haiwee.



PRECIPITATION (INCHES)

Figure 18. Tonopah, Mean Monthly Precipitation Under Various Climatic
Conditions: Wettest (1/6), Wettest (1/3), Middle (1/3), and Driest (1/3).
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Table 31. Bishop, Differences in Daily Frequency of Precipitation: Wettest (1/3) - Middle (1/3)
Years. Values Represent Number of Days with Precipitation at or Above Given Threshold.

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

0.01 in.

1.04
1.50
144
221
0.30
-1.31
1.63
-1.71
0.71
-0.45
-0.41
-0.48

3.98
1.20
0.63
-1.34

4.47

Actual Values Shown in Appendix D.

0.10 in.

127
117
123
1.38
0.81
-0.17
0.35
-0.66
0.12
0.62
-0.66
-1.00

3.67
2.02
-0.19
-1.04

4.46

0.25 in.

0.90
117
0.84
1.10
0.37
-0.13
0.25
-0.14
0.09
-0.06
-0.23
-0.66

291
134
0.20
-0.95

3.50

0.50 in.

0.79
112
0.54
0.42
0.50
-0.08
0.17
-0.08
0.00
0.08
-0.08
-0.60

2.45
0.84
0.09
-0.60

2.78

1.00 in.

0.59
1.00
0.34
0.09
0.17
0.00
0.00
0.00
0.00
0.00
0.00
-0.08

1.93
0.26
0.00
-0.08

211

Table 32. Haiwee, Differences in Daily Frequency of Precipitation: Wettest (1/3) - Middle (1/3)
Years. Values Represent Number of Days with Precipitation at or Above Given Threshold.

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

0.01 in.

0.93
1.90
102
1.24
178
0.02
0.32
0.37
0.95
0.72
0.42
0.76

3.85
3.04
164
1.90

10.43

Actual Values Shown in Appendix D.

0.10 in.

0.59
1.76
1.85
117
1.20
0.27
0.19
0.44
0.49
0.39
0.15
0.59

4.20
2.64
112
113

9.09

0.25 in.

0.37
1.36
1.56
122
0.66
0.07
0.01
0.13
0.43
0.43
0.07
-0.07

3.29
1.95
0.57
0.43

6.24

0.50 in.

0.39
0.79
0.82
0.85
0.07
-0.05
0.00
0.00
0.12
0.18
0.07
0.03

2.00
0.87
0.12
0.28

3.27

1.00 in.

0.42
031
0.48
0.35
0.12
-0.06
0.00
0.00
0.06
0.06
0.00
0.07

121
041
0.06
0.13

181
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Average daily storm depths, shown in Table 33, increase from 0.15 inches
during average years to 0.26 inches during wet years at Bishop. Most of this
difference is due to an increase in winter season average depths, from 0.21 during
average years to 0.45 inches during wet years. Fall season average depths are

actually greater during average years (0.18 inches) than during wet years (0.12

inches).

The average daily storm depths at Haiwee increase from 0.24 to 0.32 for wet
years. Significant increases occur during both winter and spring seasons to
account for this difference. The winter average increases from 0.29 to 0.42 inches,

whereas the spring average increases from 0.18 to 0.29 inches.

Overall, the increase in wet-year precipitation over average years at western
stations is due to substantial increases in both rainy days and average daily
depths. However, wet years are caused more by an increase in average daily

depths at Bishop.

The northeastern stations, Caliente and Adaven, show a much greater
increase in rainy days than in average daily depths during wet years as compared
to average years. Caliente has an increase of nine rainy days during wet years,
and Adaven has an increase of 14 rainy days during wet years (Tables 34 and 35).
Over 50 percent of the yearly increase at Caliente occurs during winter, whereas
only 30 percent of the yearly increase at Adaven occurs during winter. Another
major difference is that the spring season at Adaven has the same increase in
rainy days as winter; whereas the spring season at Caliente has essentially no
increase in rainy days during wet years.

Average daily depths at Adaven increase from 0.30 to 0.31 inches on a yearly
basis in going from average to wet years (Table 33). There are slight decreases in

wet-year average depths during winter and summer, and increases during spring
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Table 33. Differences in Average Daily Depth: Wettest (1/3) - Middle (1/3) Years.
All Values Given in Inches. Actual Values Shown in Appendix D.

Adaven Beatty Bishop Caliente Haiwee Las Vegas Tonopah
Dec -0.05 -0.03 0.31 -0.02 0.12 -0.01 0.04
Jan 0.00 0.01 0.26 -0.01 0.11 0.04 0.01
Feb 0.01 -0.03 0.16 0.03 0.16 0.11 0.05
Mar 0.09 0.07 0.08 0.05 0.17 0.02 0.06
Apr 0.01 0.00 0.15 0.02 0.06 -0.01 0.00
May 0.00 0.04 0.00 0.00 -0.01 0.04 0.07
Jun 0.09 0.06 0.00 0.10 0.01 0.03 -0.02
Jul -0.03 0.09 -0.01 0.11 0.03 0.12 0.16
Aug -0.06 0.15 -0.02 -0.01 0.03 0.06 0.06
Sep 0.10 -0.02 0.04 -0.12 0.07 0.02 0.03
Oct 0.09 -0.10 -0.07 0.04 -0.01 0.08 0.01
Nov -0.02 0.09 -0.14 0.08 -0.06 0.16 0.00
Win -0.01 -0.01 0.24 0.02 0.13 0.05 0.03
Spg 0.05 0.04 0.09 0.03 0.11 0.01 0.03
Sum -0.02 0.11 0.00 0.05 0.03 0.07 0.09
Fal 0.06 0.01 -0.06 0.02 0.00 0.10 0.01
Year 0.01 0.03 0.11 0.03 0.08 0.05 0.04

Table 34. Adaven, Differences in Daily Frequency of Precipitation: Wettest (1/3) - Middle (1/3)
Years. Values Represent Number of Days with Precipitation at or Above Given Threshold.
Actual Values Shown in Appendix D.

0.01 in. 0.10 in. 0.25 in. 0.50 in. 1.00 in.
Dec 2.68 2.02 119 0.56 -0.08
Jan 0.77 0.46 -0.10 0.18 0.26
Feb 0.89 0.09 0.07 0.26 0.26
Mar 3.27 3.23 2.03 143 0.26
Apr 1.89 121 0.76 0.47 0.06
May -0.88 -0.87 -0.30 -0.23 0.07
Jun 0.46 1.00 0.42 0.31 0.00
Jul 1.76 152 0.45 0.23 0.06
Aug 0.26 0.44 0.07 -0.34 -0.16
Sep 0.53 0.24 0.41 0.64 0.06
Oct 0.53 0.70 0.40 0.44 0.20
Nov 1.67 1.03 0.80 0.63 0.06
Win 4.34 257 1.16 1.00 0.44
Spg 4.28 3.57 2.49 1.67 0.39
Sum 2.48 2.96 0.94 0.20 -0.10
Fal 2.73 1.97 1.61 171 0.32

Year 13.83 11.07 6.20 4.58 1.05
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and fall. Average daily depths at Caliente increase from 0.18 to 0.21 inches on a

yearly basis. Each season displays a slight increase in average daily depth.

Overall, the increase in precipitation during wet years (compared to average
years) at the northeastern stations is due primarily to an increase in rainy days.

Increases in average daily depths are relatively insignificant.

Daily precipitation data for Beatty indicate a significant increase in rainy
days during wet years (eight more than average years), and a small increase in
average daily depths (0.19 to 0.22 inches). Winter and spring seasons at Beatty
each have approximately four and a half more rainy days during wet years (Table
36). The summer season has a decrease in rainy days during wet years, whereas
the number of rainy days during fall remains approximately equal during both

average and wet years.

The average daily depth at Beatty increases only 0.03 inches on a yearly
basis in going from average to wet years (Table 33). There is a slight decrease in
wet-year average depth during winter, and a large increase in summer. Spring

and fall seasons display slight increases in average depth during wet years.

Overall, the characteristics of daily precipitation data at Beatty more closely
resemble northeastern stations than western stations (when comparing wet to
average years). This is because the increase in precipitation during wet years is
caused primarily by increases in number of rainy days, and not so much by

increases in average daily depths.

The southern portion of the study area, represented by Las Vegas, has a
slight increase in rainy days and average daily depths during wet years. On a
yearly basis, wet years have approximately four more rainy days than average
years (Table 37). On a seasonal basis, winter and summer each have approxi-

mately two more rainy days during wet years. Spring shows a slight decrease in
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Table 35. Caliente, Differences in Daily Frequency of Precipitation: Wettest (1/3) - Middle (1/3)
Years. Values Represent Number of Days with Precipitation at or Above Given Threshold.

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

0.01 in.

-0.16
221
2.97
0.96

-0.07

-0.54
0.96
0.69
0.10
1.83
1.26
-1.43

5.02
0.35
175
1.66

8.78

Actual Values Shown in Appendix D.

0.10 in.

0.53
159
193
0.51
0.25
-0.88
0.89
1.00
-0.06
121
0.92
-0.61

4.05
-0.12
183
152

7.28

0.25 in.

0.29
0.36
0.70
0.73
0.09
0.05
0.59
0.72
-0.28
021
0.71
0.09

135
0.87
1.03
101

4.26

0.50 in.

-0.04
-0.11
0.36
0.44
0.10
0.01
0.22
0.51
-0.03
0.17
0.44
-0.37

021
0.55
0.70
0.24

1.70

1.00 in.

0.00
0.00
0.00
0.07
0.14
0.00
0.00
0.21
0.07
0.00
0.14
0.00
0.00
0.21
0.28
0.14

0.63

Table 36. Beatty, Differences in Daily Frequency of Precipitation: Wettest (1/3) - Middle (1/3)
Years. Values Represent Number of Days with Precipitation at or Above Given Threshold.

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

0.01 in.

0.43
2.03
1.89
2.24
123
1.29
0.06
-0.60
-1.07
0.82
-0.01
-0.49

4.35
4.76
-1.61
0.32

7.82

Actual Values Shown in Appendix D.

0.10 in.

0.20
1.03
143
144
112
041
0.09
-0.02
0.22
0.39
-0.51
0.20

2.66
297
0.29
0.08

6.00

0.25 in.

0.15
0.57
0.76
0.81
0.50
0.55
-0.09
0.13
0.03
0.20
-0.24
0.11

148
1.86
0.07
0.07

3.48

0.50 in.

0.01
0.08
0.32
0.54
0.12
0.23
0.06
0.06
0.07
-0.04
0.01
-0.10

041
0.89
0.19
-0.13

1.36

1.00 in.

-0.06
0.06
0.07
0.12
0.00
0.06
0.06
0.00
0.18
0.12
-0.06
0.12

0.07
0.18
0.24
0.18

0.67
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wet-year rainy days (compared to average years), whereas fall has a very slight
increase in wet-year rainy days. Average daily depths at Las Vegas increase from
0.16 inches for average years to 0.21 inches for wet years (Table 33). All seasons,

except for spring, display significant increases in average daily depths during wet

years.

Data for Tonopah indicate that increases in both rainy days and average
daily depths make significant contributions to wet-year precipitation totals.
There is an increase of six rainy days during wet years (as compared to average
years), with 1/2 of the yearly increase occurring in the summer season ( Table 38).
Average daily depths increases from 0.14 to 0.18 inches for wet years (Table 33).
The most significant seasonal increase occurs during the summer season, which

increases from 0.14 to 0.23 inches.

Distribution of Wet Day Sequences

Observed distributions of wet day sequences were calculated separately for
both the middle (1/3) and wettest (1/3) years at each station. First-order Markov
chains were applied to the data sets in order to model observed distributions.
Comparisons of observed and expected values are shown in Appendix A. Chi-
square goodness of fit tests indicate an excellent fit between observed and expected

values (see Appendix A).

The null hypothesis is rejected for 2 of 28 seasonal data sets at the 0.05 level
for the middle (1/3) years. The null hypothesis is rejected for 4 of 28 seasonal
data sets at the .05 level for the wettest (1/3) years. The null hypothesis states
that the observed distribution of wet day sequences is given by a first-order Mar-

kov chain. Results show that the first-order Markov chain applies equally well to
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Table 37. Las Vegas, Differences in Daily Frequency of Precipitation: Wettest (1/3) - Middle (1/3)
Years. Values Represent Number of Days with Precipitation at or Above Given Threshold.
Actual Values Shown in Appendix D.

0.01 in. 0.10 in. 0.25in. 0.50 in. 1.00 in.
Dec 153 0.68 -0.01 0.21 0.00
Jan 0.77 1.24 0.72 0.08 0.00
Feb -0.25 0.26 0.14 0.49 0.07
Mar -1.42 -0.75 -0.16 -0.05 -0.06
Apr 0.72 0.19 0.03 0.00 0.00
May -0.04 0.17 0.09 0.01 0.00
Jun 0.82 0.41 0.20 0.07 0.00
Jul 156 0.97 0.62 0.34 0.27
Aug 0.08 0.48 0.18 0.08 0.14
Sep 0.46 0.27 0.35 0.14 0.00
Oct -0.52 -0.27 0.15 0.14 0.00
Nov 0.66 0.39 0.49 0.40 0.20
Win 2.05 2.18 0.85 0.78 0.07
Spg -0.74 -0.39 -0.04 -0.04 -0.06
Sum 2.46 1.86 1.00 0.49 0.41
Fal 0.60 0.39 0.99 0.68 0.20
Year 437 4.04 2.80 191 0.62

Table 38. Tonopah, Differences in Daily Frequency of Precipitation: Wettest (1/3) - Middle (1/3)
Years. Values Represent Number of Days with Precipitation at or Above Given Threshold.
Actual Values Shown in Appendix D.

0.01 in. 0.10 in. 0.25 in. 0.50 in. 1.00 in.
Dec 0.45 0.55 0.27 0.09 0.00
Jan 0.55 0.23 0.26 0.00 0.00
Feb 0.25 0.14 0.22 0.26 0.18
Mar 0.98 0.78 1.05 0.18 0.00
Apr 0.34 0.85 0.34 -0.01 0.00
May -1.86 -0.35 -0.10 -0.02 0.00
Jun -1.00 -0.69 -0.24 -0.12 0.00
Jul 2.15 0.97 117 0.81 0.46
Aug 1.74 1.46 0.68 0.35 -0.01
Sep 1.97 1.19 0.31 0.36 0.09
Oct -0.99 -0.54 -0.08 -0.14 0.00
Nov 0.56 0.13 -0.36 0.07 0.18
Win 1.25 0.92 0.75 0.35 0.18
Spg 0.46 1.28 1.29 0.15 0.00
Sum 2.89 1.74 161 104 0.45
Fal 1.54 0.78 -0.13 0.29 0.27

Year 6.14 4.72 3.52 183 0.90
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the smaller subsets of data (middle 1/3 and wettest 1/3) as it does to the entire

data sets.

The percentage of observed events at various durations for the average (mid-
dle 1/3) and wettest (1/3) years are given in Tables 39 and 40. Bishop has higher
percentages of multiple day events during winters and summers of wet years.

Conversely, spring and fall of wet years have greater percentages of one day

events (compared to average years).

All seasons (except summer) at Haiwee have greater percentages of multiple
day events during wet years. Summer has a greater percentage of one day events

during wet years (as compared to dry years).

Spring and fall, at Adaven, have greater percentages of multiple day events
during wet years. Summer has greater percentages of one day events during wet
years, whereas winter shows no significant differences between wet and average

years.

Winter and fall, at Caliente, have greater percentages of multiple day events
during wet years. Spring and summer have greater percentages of one day events

during wet years.

Winter and spring, at Beatty, have greater percentages of multiple day
events during wet years. Fall has a greater percentage of one day events during

wet years, whereas summer shows little change between wet and average years.

Spring, summer, and fall at Las Vegas have greater percentages of multiple
day events during wet years. Winter has the same percentage of one day events
during wet and average years, but wet years have greater percentages of three or

more day events.

Winter and spring, at Tonopah, have greater percentages of multiple day

events during wet years. Summer has a greater percentage of one day events



Table 39. Percentage of Precipitation Events at Various Durations for the Middle (1/3) Years

Season

Winter

Spring

Summer

Fall

Table 40.

Season

Winter

Spring

Summer

Fall

Duration (Days)

Duration (Days)

Adaven

63
24

70
13
10

51
31
13

70
21

Adaven

62

20
11
6

59
26
5
10

63

20
11
6

64
26

Beatty

7
20

72
19

76
17

66
25

Beatty

58
27
5
10

59
26
9
6

74
23

70
18

Bishop

58
26

54
35

71
22

51
33

11

Bishop

37
43
7
12

60
32
5
3

62

23
11
4

65

23
10
2

Caliente

60
29

51
26
15

54
28
13

61
25
10

Caliente

54

31
7
9

58
25

10

60
21

10

51
26
13
10

Haiwee

54
34

69
21

68
28

60
27

Haiwee

52
24
9
15

63
24
7
4

75
13

49
23
10

Las

Percentage of Precipitation Events at Various Durations for the Wettest

Las

72

Vegas Tonopah

60
29

78
16

76
19

75
19

(1/3) Years.

69
23

66
25

54
34

58
27

10

Vegas Tonopah

60
24
9
8

70
19

70
18
10

67
29

54

30
10
6

61
31

62
22
10

59
25
11
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during wet years, whereas fall shows little change between wet and average years.

Overall, there is a tendency for winter, spring, and fall to have greater per-
centages of multiple day events during wet years. Summer tends to have greater

percentages of one day events during wet years.

Distribution of Dry Day Sequences

Observed distributions of dry day sequences were calculated for the middle
(I/3) and wettest (1/3) years at each station. Third-order Markov chains were
applied to the data sets in order to model observed distributions. Comparisons of
observed and expected values and chi-square goodness of fit tests are shown in

Appendix B.

The null hypothesis is rejected for 9 of 28 seasonal data sets at the 0.05 level
for the middle (1/3) years, and for 8 of 28 seasonal data sets for the wettest (1/3)
years. Results indicate that a third-order Markov chain models larger data sets a

little better (only 5 of 28 rejected) than smaller subsets.

Distribution of Daily Storm Depths

Observed distributions of daily storm depths were calculated for the middle
(1/3) and wettest (1/3) years at each station. The Weibull distribution was
applied to the data sets in order to model observed distributions. Comparisons of
observed and expected values and chi-square goodness of fit tests are given in
Appendix C.

The null hypothesis is rejected for 3 of 28 seasonal data sets at the 0.05 level

for the middle (1/3) years, and for 5 of 28 seasonal data sets for the wettest (1/3)

years. Results indicate that the Weibull distribution is more successful at
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modeling the smaller subsets of data than the entire data set (12 of 28 rejected).

The percentage of daily storm depths in various categories for the average
(middle 1/3) and wettest (1/3) years are shown in Tables 41 and 42. The western
stations, Bishop and Haiwee, have significantly higher percentages of events in the
range from 0.01 to 0.10 inches during winters of average years (as compared to
winters of wet years). Wet-year winters have a much higher percentage of events

over 1.00 inch as compared to average years.

The spring season at the western stations has much higher percentages of
events in the range from 0.01 to 0.05 inches during average yeais. Wet-year
springs have fewer small events and more in the range from 0.31 inches and

greater.

The summer season shows no distinct patterns at the western stations. The
fall season is characterized by a pattern opposite to winter and spring. Average
years have a higher percentage of large events during fall, whereas wet years have

higher percentages of events in the range from 0.01 to 0.05 inches.

A fairly consistent pattern is apparent for all seasons at the northeastern sta-
tions, Adaven and Caliente, with regard to the percent of daily storm depths in
various categories. Wet years are characterized by higher percentages of large
events (0.31 inches and greater) and lower percentages of small events (as com-
pared to average years). The only exception occurs during winter at Adaven,
which has higher percentages of small events and lower percentages of large events

during wet years.

The spring and summer seasons at Beatty are characterized by the same pat-
tern observed at most other stations - higher percentages of large events during
wet years and higher percentages of small events during average years. Winter

and fall seasons at Beatty do not show significant differences between average and
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Table 41. Percentage of Daily Storm Depths Falling in Various Categories for the Middle (1/3) Years.

Season Depth(inches) Adaven Beatty Bishop Caliente Haiwee Las Vegas Tonopah
0.01 - 0.05 17 29 39 32 25 34 45
006 - 0.10 13 17 13 21 16 16 16
Winter 0.11 - 0.20 18 19 14 18 18 16 23
0.21 - 0.30 13 10 9 14 7 12 1
0.31 - 1.00 34 22 24 16 27 21 5
1.01 - 4 2 2 0 6 0 0
0.01 - 0.05 19 37 63 36 43 43 51
0.06 - 0.10 18 18 13 1 18 18 16
Spring 0.11 - 0.20 20 19 11 27 15 15 15
0.21 - 0.30 13 12 5 11 8 8 5
0.31 - 1.00 27 14 8 15 14 15 13
1.01 - 2 1 1 0 3 0 0
0.01 - 0.05 22 47 58 36 55 50 35
0.06 - 0.10 22 18 14 17 11 14 22
Summer 0.11 - 0.20 18 12 15 16 11 13 23
0.21 - 0.30 9 11 7 10 11 8 9
0.31 - 1.00 24 12 6 21 11 14 10
1.01 - 5 0 0 1 2 1 1
0.01 - 0.05 20 27 44 33 28 47 35
0.06 - 0.10 7 15 13 13 21 15 14
Fall 0.11 - 0.20 23 10 18 18 13 17 16
0.21 - 0.30 16 20 8 8 11 11 15
0.31 - 1.00 28 26 17 27 24 9 21

1.01 - 7 2 1 1 4 2 0
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Table 42. Percentage of Daily Storm Depths Falling in VVarious Categories for the Wettest (1/3) Years.

Season

Winter

Spring

Summer

Fall

Depth(inches)

0.01 - 0.05
0.06 - 0.10
0.11 - 0.20
0.21 - 0.30
0.31 - 1.00
1.01 -
0.01 - 005
0.06 - 0.10
0.11 - 0.20
0.21 - 0.30
0.31 - 1.00
1.01 -
0.01 - 0.05
0.06 - 0.10
0.11 - 0.20
0.21 - 0.30
0.31 - 1.00
1.01 -
0.01 - 0.05
0.06 - 0.10
0.11 - 0 20
0.21 - 0.30
0.31 - 1.00
1.01 -

Adaven

18

16

18

14

29

15

15

19

15

32

19

14

25

11

29

14

13

21

10

34

Beatty

30
14
18
13

24

34
14
20
12

19

28
13

30

22

29
13
15
14

26

Bishop

29

16

23

15

42
20

14

16

61

19

49
17

19

Caliente

23

20

26

15

16

30

19

18

12

19

33

11

18

14

22

30

11

17

12

27

Haiwee

20

10

17

10

30

13

34

13

14

10

22

36

18

19

16

34

13

18

10

20

Las Vegas

31

22

15

23

35
24

15

19

36
13

20

18

39
14

13

21

Tonopah

45
13

24

46
11
11
15

17

40
14
12
10

19

38
10

25

17
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wet years with regard to percentage of events at various depths.

All seasons at Las \ egas display the general pattern of greater percentages of
large events and lesser percentages of small events during wet years (as compared
to average years). All seasons at Tonopah, except fall, have higher percentages of
events in the range greater than 0.30 inches during wet years. The percentage of

small events (less than 0.11 inches) remains relatively constant between average

and wet years at Tonopah.
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ANALYSIS OF TEMPERATURE DATA

METHODS

Daily temperature data were examined for each station in the network. In
general, temperature records were more incomplete than precipitation records.
Most years with missing data were not included in the analysis. However, years
with one or two missing days were completed by estimating the missing tempera-

Table 43

ture as an average of the previous and following days temperatures.

shows the years of temperature record for each station available for further exami-

nation.
Table 43. Daily Temperature Data.

Station Years of Missing Number of

Name Record Years Complete Years

Adaven 1931-1978 1933, 1936-37, 1941-44, 1946-47 31
1952-53, 1956-57, 1970-72, 1977

Beatty 1949-1986 1954, 1958, 1960 22
1962-72, 1975, 1984

Bishop 1949-1986 1960, 1973 36

Caliente 1932-1983 1938-39, 1948, 1951-52, 1954-57 30
1966-1971, 1973, 1975-76, 1978-81

Haiwee 1949-1986 1950, 1952 29
1962-1967, 1984

Las Vegas 1949-1986 1951 37

Tonopah 1955-1986 None 32
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The piimary emphasis in analyzing the temperature data was on its relation-
ship to precipitation. Therefore, temperature data were grouped on the basis of
wet, average, and dry years. Mean temperatures were calculated separately for
the wettest (1/3), middle (1/3), and driest (1/3) years at each station. This data

includes only those years for which complete temperature and precipitation data

were available.

Temperature data were also examined on a daily basis. Individual days were

grouped into wet days (at least 0.01 inch) and dry days (trace or less) within each

month for each station.

RESULTS

Mean monthly temperatures (maximum, minimum, and average) for each
station are shown in Tables 44, 45, and 46. July is the hottest month and Janu-
ary is the coldest at all stations. Las Vegas has the highest mean annual tempera-
ture (of the stations shown) due to its lower elevation and more southerly lati-
tude. Adaven has the lowest mean annual temperature due to its higher elevation
and more northerly latitude. Large annual and daily temperature ranges occur at

all stations.

Annual and Seasonal Variation

Mean temperatures for the wettest (1/3), middle (1/3), and driest (1/3) years
at each station are given in Appendix E. Temperature differences between the
middle (1/3) years and entire period of record are shown in Table 47; and
differences between the wettest (1/3), middle (1/3), and driest (1/3) years are

shown in Table 48. Temperatures are very similar for middle (1/3) years and
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Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fall

Year

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
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Oct
Nov
Win
Spg
Sum
Fall

Year
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Table 44. Mean Maximum Temperatures in °F for Entire Period of Record.

Adaven

44.7
42.3
44.4
50.7
60.2
70.6
79.9
87.6
85.0
77.2
66.3
53.2

43.8
60.5
84.2
65.6

63.6

Beatty

56.3
52.8
58.4
63.4
72.8
80.5
92.4
98.0
95.6
88.9
77.8
64.4
55.8
72.2
95.4
77.0

75.2

Bishop

54.8
52.9
58.5
63.3
71.2
80.5
90.6
97.3
95.1
87.6
76.5
63.5

55.3
71.7
94.4
75.9

74.4

Caliente

49.0
45.6
52.5
60.4
69.6
78.5
88.6
95.6
93.0
85.6
73.6
59.3

489
69.5
92.5
72.9

71.0

Haiwee

52.3
50.7
56.3
61.6
69.2
78.1
89.3
95.1
92.7
86.4
74.2
61.4
53.0
69.6
924
74.0

724

Las Vegas

57.3
56.2
62.5
68.5
77.6
87.7
98.6
104.1
101.8
94.2
81.0
66.4

58.5
78.0
101.5
80.5

79.7

Tonopah

454
439
48.9
54.6
62.5
729
83.9
90.9
88.5
79.8
67.8
534

46.0
63.3
87.8
67.0

66.1

Table 45. Mean Minimum Temperatures in OF for Entire Period of Record.

Adaven

20.8
185
21.2
24.2
30.8
38.9
46.4
54.1
52.4
45.6
36.6
26.6

20.1
31.3
511
36.3

34.7

Beatty

29.0
28.0
30.8
34.5
41.0
48.1
56.2
61.9
59.8
53.9
44.4
33.9

29.2
41.2
59.3
441

435

Bishop
222
21.3
26.0
29.6
35.8
43.7
50.9
56.2
53.8
46.8
37.2
27.8

231
36.4
53.6
37.2

37.7

Caliente

19.0
159
220
271
33.7
415
48.8
56.0
55.0
45.8
356
24.9

18.9
A1l
53.3
354

355

Haiwee

29.7
289
322
36.2
42.8
50.2
59.9
65.5
63.4
57.2
46.4
36.1

30.2
431
63.0
46.5

45.8

Las Vegas

33.9
332
37.8
42.8
50.2
59.4
68.8
75.8
73.7
65.6
53.2
41.4
34.9
50.8
72.8
534

53.1

Tonopah

19.8
184
232
271
324
41.6
50.5
56.1
54.5
46.7
36.6
259
204
33.7
53.8
36.4

36.1
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Table 46. Average (Max + Min / 2) Temperatures in °F for the Entire Period of Record.

Adaven Beatty Bishop Caliente Haiwee Las Vegas Tonopah

Dec 327 42.6 385 34.0 41.0 45.6 326
Jan 30.4 40.4 37.1 30.7 39.8 44.7 311
Feb 32.8 44.6 422 37.3 44.2 50.1 36.1
Mar 37.4 48.9 465 438 48.9 55.7 40.8
Apr 455 56.9 535 51.6 56.0 63.9 47.4
May 54.7 64.3 62.1 60.0 64.2 735 57.2
Jun 63.2 74.3 70.7 68.7 74.6 83.7 67.2
Jul 70.9 79.9 76.7 75.8 80.3 90.0 735
Aug 68.7 777 74.4 74.0 78.1 87.7 715
Sep 61.4 714 67.2 65.7 71.8 79.9 63.2
Oct 51.5 611 56.9 54.6 60.3 67.1 52.2
Nov 39.9 49.1 456 421 487 53.9 39.6
win 32.0 425 39.2 33.9 41.6 46.7 332
Spg 45.9 56.7 54.0 51.8 56.3 64.4 485
Sum 67.6 77.3 74.0 72.9 77.7 87.2 70.8
Fal 50.9 60.5 56.6 54.1 60.3 67.0 51.7
Year 49.2 59.3 56.0 53.3 50.1 66.4 51.1

entire period of record. There is less than 1 °F difference between most seasonal

and annual values.

Most stations (six of seven) show an increase in mean annual maximum tem-
perature during dry years as compared to wet years. The range of this increase
varies from 0.5 to 3.7 °F (Table 48). Haiwee is the only station recording a

greater mean annual maximum temperature during wet years.

Mean annual minimum temperatures are approximately the same for wet and
dry years at all stations except Beatty. The difference between wet- and dry-year
minimum temperatures is less than 0.5 °F at six of seven stations. However,
minimum temperatures are 1.6 °F cooler during wet years at Beatty on an annual

basis.

Seasonal trends in the temperature data are apparent when comparing wet
and dry years (Table 48). The greatest difference in maximum temperature usu-

ally occurs during spring. All stations have greater maximum spring temperatures
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Table 47. Temperature Differences (in °F) Between the Middle (1/3) Years and
Entire Period of Record.

Entire Record - Middle (1/3)

Station Season Max Min Avg
Win +1.2 +1.3 +1.3
Spg -0.3 +0.3 0.0
Adaven Sum -0.9 .01 -0.5
Fal +0.1 +0.6 +0.3
Annual 0.0 +0.4 +0.3
Win +3.2 +1.3 +2.3
Spg 0.0 -04 -0.2
Beatty Sum +0.4 0.0 +0.2
Fal +1.3 +0.5 +0.9
Annual +1.2 +0.3 +0.7
Win .01 +0.8 +0.4
Spg -0.9 -0.5 -0.8
Bishop Sum -0.4 +0.1 .01
Fal .01 -0.6 -0.3
Annual -0.4 0.0 -0.2
Win -1.2 .01 -0.6
Spg +1.3 +0.6 +1.0
Caliente Sum -0.2 +0.6 +0.2
Fal 0.0 +0.7 +0.3
Annual 01 +0.4 +0.2
Win +0.2 +0.7 +0.4
Spg +0.2 +0.9 +0.5
Haiwee Sum .01 +0.6 +0.2
Fal .01 +0.7 +0.4
Annual +0.1 +0.7 +0.4
Win -0.3 -0.5 -0.4
Spg +0.9 -0.3 +0.3
Las Vegas Sum +0.2 -0.6 -0.2
Fal +0.8 -0.3 +0.3
Annual +0.3 -0.4 0.0
Win +2.1 +1.6 +1.8
Spg +1.0 +0.2 +0.6
Tonopah Sum +0.9 +0.6 +0.7
Fal +0.3 -0.2 0.0

Annual +1.0 +0.5 +0.8



Table 48. Temperature Differences Between the Wettest (1/3), Middle (1/3), and
Driest (1/3) Years in °F.

Station

Adaven

Beatty

Bishop

Caliente

Haiwee

Las Vegas

Tonopah

Season
Win

Spg
Sum

Fal
Annual
Win
Spg
Sum
Fal
Annual
Win
Spg
Sum
Fal
Annual
Win
Spg
Sum
Fal
Annual
Win
Spg
Sum
Fal
Annual
Win
Spg
Sum
Fal
Annual
Win
Spg
Sum
Fal
Annual

Wettest (1/3) - Middle (1/3)

Max

+1.0
2.2
2.1
.01
-0.9

+3.2
2.7
-1.5
+1.4
0.0

-0.3
2.1
-1.5
0.0
-1.0

31
+0.4
-1.3
-1.4
-1.4

+1.1
+0.1
+0.1
+0.2
+0.4

-1.0
+1.0
.01
+1.5
+0.3

+2.5
+0.7
+0.4
0.0
+0.8

Min
+1.9
-0.2
-05

+1.1
+0.5

+2.1
-1.8
-1.8
+0.4
-0.3

+1.6
-0.8
-0.6
-0.5
.01

.01
+1.3
+0.8
+1.2
+0.8

+1.9
+1.1
+0.2
+1.3
+1.0

-0.8
-0.4
-1.4
.01
-0.7

+2.1
+0.4
+0.5
+0.3
+0.8

Avg

+1.5
-1.2
-1.3
+0.5
.01

+2.7
2.2
-1.6
+1.0
.01

+0.7
-1.5
-1.0
-0.2
-0.5

-1.5
+0.9
-0.3
01
-0.3

+1.4
+0.6
+0.1
+0.8
+0.7

-0.9
+0.3
-0.8
+0.7
-0.2

+2.3
+0.6
+0.4
+0.1
+0.9
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Wettest (1/3) - Driest (1/3)

Max

-1.6
-35
-1.6
-0.4
-1.8

-35
5.5
-4.2
-1.5
-3.7

-0.8
-1.4
-1.7
+0.4
-0.9

2.7
-3.2
-1.8
-2.7
-2.6

+1.5
-0.5
+0.4
+0.7
+0.6

-1.1
-0.7
-0.9
+0.4
-0.5

-1.1
-1.6
-1.9
-0.8
-1.4

Min
-0.3
-1.2
-0.4
+0.4
-0.4

+0.1
-2.3
-3.6
-0.6
-1.6

+0.8
0.0
-1.6
+0.6
01

+0.2
+0.7
-0.2
+0.2
+0.3

+1.8
-0.3
-1.3
+0.4
+0.1

0.0
+0.2
-1.2
+0.6
.01

-0.3
+0.3
-0.6
+1.1
+0.1

Avg

-0.9
-2.3
-10
0.0
-10

-1.7
-3.9
-3.9
-1.0
-2.6

0.0
-0.7
-1.7
+0.5
-0.5

-1.2
-1.2
-1.1
-1.2
-1.2

+1.6
-04
-0.4
+0.6
+0.3

-0.5
-0.3
-1.0
+0.5
-0.4

-0.6
-0.6
-1.2
+0.1
-0.6
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during dry years. The least difference in maximum temperatures generally occurs
during fall. Thiee ol seven stations actually have cooler fall maximum tempera-

tures during dry years.

Minimum temperatures also have seasonal trends despite relatively
insignificant differences on an annual basis. Spring and summer minimum tem-
peratures are generally warmer during dry years, whereas winter and fall
minimum temperatures are generally warmer during wet years. The greatest
difference in minimum temperatures between wet years and dry years occurs dur-

ing summer.

Temperature differences between the wettest (1/3) and middle (1/3) years are
less substantial than those between the wettest and driest years. Five of seven
stations are slightly cooler, from 0.1 to 0.5 °F, during the wettest (1/3) years
compared to middle (1/3) years based on annual average temperatures. Haiwee
and Tonopah are slightly warmer during wet years. No seasonal trends are

apparent in comparing the wettest (1/3) and middle (1/3) years.

Monthly and Daily Variation

Mean temperatures for wet and dry days in each month (calculated from the
entire period of record) are shown in Tables 49 to 51. Dry days have a
significantly greater maximum temperature than wet days in every month at all
stations. Minimum temperatures are greater on wet days in some months, but

greater on dry days in other months.

The difference between dry- and wet-day maximum temperatures for each
month is shown in Table 52. The greatest differences between dry- and wet-day
mean maximum temperatures occur from April to June and in October. The

smallest differences in dry- and wet-day maximum temperatures occur from
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December to February and July to August.

Differences between dry- and wet-day minimum temperatures are shown in
Table 53. The greatest positive difference (i.e. dry days warmer than wet days)
occurs from April to June, lhe greatest negative difference (i.e. wet days warmer

than dry days) occur from December to February.

Differences between dry- and wet-day average temperatures are shown in
Table 54. The greatest differences occur in the months from April to June, and

the smallest differences occur from December to February and July to August.

Mean temperatures for wet and dry days were calculated separately for the
three subsets: wettest (1/3), middle (1/3), and driest (1/3) years. Actual tempera-
tures and differences between the three data sets are given in Appendix E. Table
55 shows the average monthly difference between wet and dry years, and between
wet and middle years. Differences between the three data sets are less than 1 °F
in most cases. However, differences at Beatty are significantly greater than at

other stations - especially between wet and dry years.

DISCUSSION

It is interesting to evaluate results of the preceding temperature data analysis
in terms of regional synoptic conditions. Transitory Pacific cold fronts dominate
atmospheric circulation over the southern Great Basin from October to June,
whereas convective thunderstorms dominate from July to September. Pacific cold
fronts bring precipitation and cool air which often remain over relatively large
areas for one or more days. This usually results in well below normal (maximum)
temperatures. Convective storms occur in late afternoon and evening after the
hottest time of day, and are not associated with a cold air mass. Therefore, max-

imum temperatures do not get too far below normal on rainy summer days.



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Table 49. Mean Maximum Temperatures for Dry Days and Wet Days
in Each Month.

Type

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days
Dry Days
Wet Days

Drv Days
Wet Days

Dry Days
Wet Days

Adaven

45.5
37.6

43.4
35.8

46.0
39.0

52.4
42.0

62.2
49.4

71.8
60.2

80.8
67.7

88.2
83.0

85.5
81.8

77.9
70.8

67.2
56.0

54.0
43.6

Beatty

56.9
48.6

53.9
45.5

59.2
51.8

64.9
54.5

73.7
62.1

81.7
68.7

92.6
81.6

98.3
93.0

95.9
914

89.4
79.4

78.4
65.5

65.1
52.9

Bishop

55.7
46.6

54.1
444

59.5
51.2

64.4
53.9

722
60.3

81.6
69.3

911
81.0

97.6
9.1

95.5
88.5

88.2
78.5

77.1
65.7

64.5
53.0

Caliente

49.6
43.7

46.8
41.6

53.2
48.0

62.5
52.2

71.8
58.4

80.0
68.7

89.2
77.9

9.1
92.8

93.6
89.3

86.5
78.7

75.3
63.4

60.5
51.4

Haiwee

52.8
47.4

51.2
47.5

57.1
50.9

62.8
535

70.0
59.3

78.8
68.6

89.6
76.8

95.3
911

93.0
87.5

86.7
79.4

74.6
65.1

62.0
54.1

Las Vegas

57.6
53.0

56.8
51.5

62.8
57.1

69.7
60.5

78.1
63.8

88.2
729

99.0
911

104.7
97.9

102.3
96.2

94.4
87.4

81.2
715

66.9
58.4
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Tonopah

45.9
39.9

44.7
38.2

49.7
42.8

56.0
45.6

63.6
51.6

74.1
62.8

84.7
731

91.3
87.6

89.0
84.1

80.5
727

68.5
58.0

54.4
431



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Table 50. Mean Minimum Temperatures for Dry Days and Wet Days
in Each Month.

Type
Dry Days
Wet Days
Dry Days
Wet Days
Dry Days
Wet Days
Dry Days
Wet Days
Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days

Dry Days
Wet Days
Dry Days
Wet Days

Dry Days
Wet Days

Adaven

204
222

18.1
19.6

21.0
22.6

244
227

31.3
28.3

394
34.9

46.6
41.7

53.9
54.6

52.3
53.2

45.4
48.1

36.8
35.2

26.7
26.0

Beatty

28.7
324

275
31.3

30.3
356

34.2
359

40.9
42.0

48.3
46.3

56.2
53.7

61.6
65.9

59.4
65.1

53.7
57.1

44.4
447

338
35.7

Bishop

217
26.5

209
24.5

253
311

294
31.8

35.8
36.1

43.8
43.0

50.9
51.0

55.7
61.0

53.4
59.5

46.5
50.7

36.9
414

274
320

Caliente

17.7
26.3

14.9
219

204
30.1

26.4
30.2

33.7
34.8

41.6
40.1

48.6
49.0

55.3
60.9

54.2
59.3

45.0
51.8

34.9
40.9

24.0
32.3

Haiwee

295
316

285
317

319
34.0

36.5
34.2

431
384

50.6
44.9

60.0
52.8

65.5
64.8

63.4
64.3

57.1
58.4

46.4
45.6

36.0
36.4

Las Vegas

335
39.6

331
37.4

37.5
42.1

43.0
432

50.2
46.5

59.6
53.6

69.3
65.5

76.1
74.0

739
73.0

65.6
67.0

53.2
534

41.3
44.0

87

Tonopa'h

194
24.3

17.8
22.4

22.8
26.6

26.8
28.6

325
31.2

41.7
40.2

50.6
48.7

55.8
59.2

54.1
57.7

46.5
49.1

36.5
38.6

258
275



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Table 51. Average Temperatures for Dry Days and Wet Days in Each Month.

Type

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Adaven

33.0
29.9

30.8
217

335
30.8

38.4
324

46.7
38.8

55.6
47.5

63.7
54.7

71.0
68.8

68.9
67.5

61.6
59.4

52.0
45.6

40.4
34.8

Beatty

42.8
40.5

40.7
384

447
43.7

49.6
45.2

57.3
52.0

65.0
575

74.4
67.7

80.0
79.4

77.6
78.2

71.6
68.2

61.4
55.1

49.4
44.3

Bishop

38.7
36.6

375
344

424
41.2

46.9
429

54.0
48.2

62.7
56.2

71.0
66.0

76.7
77.6

74.5
74.0

67.3
64.6

57.0
53.6

459
425

Caliente

33.7
35.0

30.8
31.8

36.8
39.0

44.4
41.2

52.8
46.6

60.8
54.4

68.9
63.5

75.7
76.9

73.9
74.3

65.7
65.3

55.1
52.2

42.3
41.8

Haiwee

41.2
395

39.9
39.6

44.5
425

49.7
43.8

56.5
48.8

64.7
56.8

74.8
64.8

80.4
78.0

78.2
75.9

719
68.9

60.5
55.3

49.0
45.3

Las Vegas

45.6
46.3

45.0
44.5

50.1
49.6

56.3
51.8

64.2
55.2

739
63.2

84.1
78.3

90.4
86.0

88.1
84.6

80.0
77.2

67.2
62.5

54.1
51.2

88

Tonopah

32.6
321

313
30.3

36.2
34.7

414
37.1

48.1
41.4

57.9
51.5

67.7
60.9

735
734

71.6
70.9

63.5
60.9

52.5
48.3

40.1
35.3



Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct

Nov

Table 52. Difference Between Monthly Maximum Dry Day and Wet

Adaven

7.9
7.6
7.0
104
12.8
116
131
52
3.7
7.1
11.2
10.4

Day Temperatures as shown in Table 49.

Beatty

8.3
8.4
7.4
10.4
11.6
13.0
11.0
5.3
45
10.0
12.9
12.2

Bishop

91
9.7
8.3
10.5
11.9
12.3
101
35
7.0
9.7
114
115

Caliente

5.9
52
52
10.3
134
113
113
33
4.3
7.8
11.9
91

Haiwee

54
3.7
6.2
9.3
10.7
10.2
128
4.2
55
7.3
9.5
7.9

Las Vegas

4.6
53
5.7
9.2
14.3
15.3
79
6.8
6.1
7.0
9.7
85

Table 53. Difference Between Monthly Minimum Dry Day and Wet
Day Temperatures as Shown in Table 50. Values Calculated

Adaven

-1.8
-1.5
-1.6
+1.7
+3.0
+4.5
+4.9
-0.7
-0.9
-2.7
+1.6
+0.7

Beatty

-3.7
-3.8
-5.3
-1.7
-1.1
+2.0
+2.5
-4.3
-5.7
-3.4
-0.3
-1.9

as: Dry Day Temp - Wet Day Temp.

Bishop

-4.8
-3.6
-5.8
2.4
-0.3
+0.8
01
-5.3
-6.1
-4.2
-4.5
-4.6

Caliente

-8.6
-7.0
9.7
-3.8
-1.1
+1.5
-0.4
-5.6
51
-6.8
-6.0
-8.3

Haiwee

2.1
-3.2
21
+2.3
+4.7
+5.7
+7.2
+0.7
-0.9
-1.3
+0.8
-04

Las Vegas

-6.1
-4.3
-4.6
-0.2
+3.7
+6.0
+3.8
+2.1
+0.9
-1.4
-0.2
2.7

89

Tonopah

6.0
6.5
6.9
10.4
12.0
113
116
3.7
4.9
7.8
10.5
113

Tonopah

-4.9
-4.6
-3.8
-1.8
+1.3
+1.5
+1.9
-34
-3.6
-2.6
21
-1.7
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Table 54. Differences Between Average Monthly Temperatures for Dry Days and Wet Days

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov

as Shown in Table 51. Values Calculated as Dry Day Temp - Wet Day Temp.

Adaven

31
31
2.7
6.0
7.9
8.1
9.0
2.2
14
2.2
6.4
5.6

Beatty

2.3
2.3
10
4.4
53
7.5
6.7
0.6
-0.6
34
6.3
51

Bishop

21
31
12
4.0
5.8
6.5
5.0
-0.9
0.5
2.7
34
34

Caliente

-1.3
-1.0
-2.2
3.2
6.2
6.4
54
-1.2
-0.4
04
29
0.5

Haiwee

17
0.3
20
59
1.7
7.9

10.0

24
2.3
3.0
5.2
3.7

Las Vegas

-0.7
0.5
0.5
45
9.0
10.7
5.8
4.4
35
28
4.7
29

Tonopah

0.5
10
15
4.3
6.7
6.4
6.8
0.1
0.7
26
4.2
4.8

Table 55. Differences in Average Monthly Temperatures Between the Wettest (1/3) and

Station

Adaven

Beatty

Bishop

Caliente

Haiwee

Las Vegas

Tonopah

Middle (1/3) Years, and Between the Wettest (1/3) and Driest (1/3) Years.

Day

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Wettest (1/3) - Middle (1/3)

Max

-0.5
-0.2

+0.1
+1.6

-0.9
-0.1

-0.7
-0.8

+0.6
+0.4

+0.6
+0.9

+1.1
+0.5

Min
+0.8
+1.9

-0.5
+1.4

-0.2
+1.5

+0.6
+0.1

+1.1
+1.0

-0.7
+0.1

+0.8
+0.1

Avg

+0.2
+0.8

-0.2
+1.5

-0.6
+0.7

-0.1
-0.4

+0.8
+0.7

-0.1
+0.5

+0.9
+0.4

Wettest (1/3) - Driest (1/3)

Max

-1.5
-1.1

-3.2
-3.0

-0.6
-0.6

-1.8
2.7

+0.8
+0.7

0.1
-0.9

-0.9
-1.5

Min
-0.7
+0.2

-1.9
-0.5

-0.4
+1.5

+0.1
+0.2

0.0
+1.4

-0.2
0.0

+0.1
-0.4

Avg

-11
-0.5

-25
-1.7

-0.5
+0.5

-0.9
-1.3

+0.4
+1.0

-0.1
-0.5

-04
-0.9
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Greater temperature differences between wet and dry days during spring and
fail (as compared to winter) occur because the transition seasons are characterized
by more variable air masses (refer to Table 1). Winter is dominated by polar air

masses and summer by tropical air masses; whereas spring and fall are character-

ized by an abundance of both air mass types.

The relationship between the status of a given day (wet or dry) and
minimum temperature is different than with maximum temperature. Cloud cover
associated with rainy days acts to keep minimum temperatures near or above nor-
mal on wet days. This occurs because the earth radiates heat back into the atmo-
sphere at night, and clouds prevent much of this heat from escaping. Therefore,

the land loses heat more rapidly on clear nights than on cloudy nights.

Minimum temperatures are generally warmer in the months from April to
June during dry years; and warmer in other months during wet years. An expla-
nation may be that the effect of cool air associated with cold fronts from April to
June overshadows the warming effect of cloud cover during this time. Conversely,
cloud cover may play a more dominant role in other months, thereby causing wet

days to be warmer at night.
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CONSUMPTIVE USE CALCULATIONS

METHODS

Two different scenarios were used to calculate differences in consumptive use
(evapotranspiration) and water deficits between modern and Last Glacial Max-
imum (LGM) conditions. Both scenarios defined modern conditions using
observed temperature and precipitation data from the Beatty station. Modern
temperatures were based on 1941-1970 norms taken from a National Weather Ser-
vice (NWS) climatological summary (Table 56). This NWS summary estimates
values for much of the missing temperature data that occurred during this period.
Precipitation values were based on data from the period 1918-1986 (see Table 3).

Table 56. Mean (Average of Maximum and Minimum) Monthly
Temperatures (in °F) for Beatty from NWS Climatological Summary.

Month Temp Month Temp
Dec 43.2 Jun 74.1
Jan 41.3 Jul 81.1
Feb 45.4 Aug 79.4
Mar 49.7 Sep 72.7
Apr 57.8 Oct 61.8
May 66.3 Nov 50.1

LGM conditions for scenario one were based on Spaulding’'s (1983) packrat
midden study (see Table 22). A temperature decrease of 11 °F was applied to
each month. Precipitation increased 40 percent on an annual basis; a 70 percent
increase applied for the months from November to April; a 40 percent decrease

applied to the months of June through September; and no change for the
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transition, months of May and October. LGM conditions for scenario two were
based on temperature differences between the wettest (1/3) years and entire period
of record (see table 57) at Beatty, and precipitation values for the wettest (1/3)
years at Beatty. Temperatures in Table 57 were subtracted or added to "modern”
values given in Table 56. The annual average temperature drop under this
scenario is 1 °F.

Table 57. Temperature Differences (in °F) Between the Wettest (1/3) Years and

Entire Period of Record at Beatty. Values calculated as Wettest (1/3)
Temp - Entire Period of Record Temp.

Dec -0.5 Jun -2.5
Jan +0.9 Jul -1.9
Feb +0.9 Aug -1.2
Mar -2.6 Sep -0.9
Apr -2.5 Oct +1.2
May -1.1 Nov -0.4

Calculations of potential evapotranspiration were made using the Blaney-

Criddle method (from Jensen, 1973). The Blaney-Criddle formula is given by:

U=KF="kifi

where U = estimated evapotranspiration (consumptive use) inches,
K = empirical consumptive use coefficient,
F = sum of monthly consumptive use factors (f),
k = monthly consumptive use coefficient,

f = tp/100; where t= mean monthly temperature and p— mean monthly
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percentage of annual daylight hours.

Data for p were based on values for 37 0 North latitude (from Jensen, 1973).
Monthly consumptive use coefficients, k, were assumed to be 1.0 for the following
reasons: 1) no data concerning k values were available for the study area; 2) the
primary concern of these calculations was to determine differences between LGM
and modern evapotranspiration, so values of k make no difference in the final
results provided that k remains constant between modern and LGM conditions.
The Blaney-Griddle formula was used to obtain monthly potential evapotran-

spiration values, from which monthly precipitation was subtracted to give a

monthly water deficit. The formula is as follows:

monthly PET (inches) - monthly PPT (inches) = monthly water deficit (inches)

where PET = potential evapotranspiration and PPT = precipitation. Monthly
water deficit calculations were made for modern and LGM conditions for both
scenarios. The final step was to subtract LGM monthly deficits from modern

monthly deficits as follows:

Modern monthly water deficit - LGM monthly water deficit = X (inches)

where X represents the monthly amount of additional water needed under
modern conditions of temperature and precipitation to obtain a LGM water
budget. Values for modern monthly water deficit, LGM monthly water deficit,

and X are given in Table 58 for scenario one and in Table 59 for scenario two.

RESULTS AND DISCUSSION

X values are greater for scenario one due to the larger temperature difference

(-11 to -1 °F) between modern and LGM conditions. On an annual basis, there is
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a 13 inch difference for scenario one compared to only three and a half inches for

scenario two. These two scenarios provide water deficit estimates for two possible

sets of LGM conditions.

These calculations can be used to design a monthly irrigation schedule to
simulate LGM water budgets on test plots near Yucca Mountain. The response of
plants and changes in soil moisture conditions, induced by LGM climatic condi-
tions, can be simulated to provide estimates of the effect of wetter climatic condi-

tions upon infiltration and recharge.
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Table 58. Monthly Differences (X) Between Modern Monthly Water Deficits
and Last Glacial Maximum (LGM) Monthly Water Deficits for Scenario One.

Month Modern Monthly Deficit (Inches) LGM Monthly Deficit (Inches) X (Inches)
Dec 242 132 1.10
Jan 2.23 1.03 1.20
Feb 2.34 1.06 128
Mar 3.54 221 133
Apr 4.71 3.44 127
May 6.25 517 1.08
Jun 7.18 6.15 1.03
Jul 7.95 6.93 1.02
Aug 7.23 6.30 0.93
Sep 5.79 4.99 0.80
Oct 4.56 3.70 0.86
Nov 3.02 1.96 1.06
Total 57.22 44.26 12.96

Table 59. Monthly Differences (X) Between Modern Monthly Water Deficits
and Last Glacial Maximum (LGM) Monthly Water Deficits for Scenario Two.

Month Modern Monthly Deficit (Inches) LGM Monthly Deficit (Inches) X (Inches)
Dec 2.42 223 0.19
Jan 2.23 1.86 0.37
Feb 2.34 2.06 0.28
Mar 3.54 2.89 0.65
Apr 4.71 4.20 0.51
May 6.25 5.99 0.26
Jun 7.18 6.85 0.33
Jul 7.95 7.70 0.25
Aug 7.23 6.97 0.26
Sep 5.79 5.54 0.25
Oct 456 4.63 -0.07
Nov 3.02 2.76 0.26

Total 57.22 53.68 3.54
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SUMMARY AND CONCLUSIONS

The climate of the southern Great Basin is complex due to various atmos-
pheric and geographical factors. Climate in this region is a function of three dis-
tinct storm types: Pacific fronts, continental cyclones, and convection thunder-

storms; which vary both geographically and seasonally.

hinder present climatic conditions the western portion of the southern Great
Basin is characterized by a winter (Pacific front) dominated precipitation regime.
Beatty, located most centrally and nearest to Yucca Mountain, has a slightly less
winter dominated regime due to an increased continental component. Extreme
northern, eastern, and southern portions of the study area receive a more uniform
seasonal distribution of precipitation due to important contributions from all
three storm types. Overall, there is a trend from west to east in which the domi-
nance of winter precipitation gradually decreases until a relatively uniform sea-

sonal distribution occurs.

The seasonal distribution of precipitation during the wettest (1/3) years indi-
cates some shifts from the "present" (i.e. entire period of record) distribution
depending upon location. The western stations (Bishop and Haiwee) and Las
Vegas have large increases in winter season precipitation. Adaven and Caliente
have approximately the same increases in all seasons. Beatty has a large increase
in spring precipitation, and Tonopah'’s largest increase occurs in summer. In gen-
eral, precipitation during wet years increases most in each station’s season of max-
imum precipitation under "present" conditions. The only exception occurs at
Beatty, which has a winter maximum under "present" conditions but has its larg-
est increase in spring season precipitation during the wettest (1/3) years. Overall,

precipitation during wet years increases most from January to March in the study
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area.

Daily precipitation data were analyzed within a seasonal framework.
Sequences of wet and dry days were modeled using Markov chains. A first-order
Markov chain was used to model the distribution of wet day sequences; whereas a
third-order Markov chain was best for simulating the observed distribution of dry
day sequences. The observed distributions of daily storm depths were modeled
using three different distributions: exponential, gamma, and Weibull. Chi-square

goodness of fit tests indicate that the Weibull distribution was best able to model

the observed data.

Statistical models were also applied to data sets representing the wettest
(1/3) and middle (1/3) years at each station. Goodness of fit tests indicate that
good results were obtained even with the smaller data sets. Statistical modeling of
daily precipitation data provides a method of generating synthetic data for
different climatic conditions. The importance of this result is explained in the fol-

lowing section.

Some relationships between temperature and precipitation data were esta-
blished. On an annual basis, wet years have lower mean maximum temperatures
than dry years. Mean minimum temperatures show insignificant differences

between wet and dry years.

On a monthly and daily basis, wet days in a given month have significantly
cooler maximum temperatures than dry days. The difference between wet- and
dry-day maximum temperatures varies approximately from 3 to 15 °F depending
on the month and station. Overall, the greatest differences between wet and dry

day maximum temperatures occur from April to June.

Minimum temperatures may be cooler or warmer on dry days (compared to

wet days) depending on the month and station. This observation is probably due
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to the complicating effect of increased cloud cover on wet days, which keep heat

from escaping at night.

Consumptive use calculations were made for modern and LGM conditions
and combined with precipitation data to determine monthly differences between
modern and LGM water deficits. Results indicate that approximately 13 inches of
water must be added to modern conditions of temperature and precipitation to
simulate a LGM water deficit under scenario one, and three and a half inches
under scenario two. This information will be useful in designing an irrigation
schedule for experimental plots near Yucca Mountain to determine plant response

and changes in soil moisture conditions caused by "pluvial” climatic conditions.

APPLICATION OF RESULTS AND FUTURE RESEARCH

A primary objective of this study is to provide climatic input data for a
water balance model to determine the effect of climatic variability upon recharge
in southern Nevada. In order to obtain a reasonably accurate water budget, cal-
culations must be made on a daily basis. Therefore, this study has focused on the
daily occurrence of precipitation events, in addition to monthly and seasonal vari-
ability.

Statistical modeling of wet day sequences, dry day sequences, and daily storm
depths was designed to provide a means of generating synthetic precipitation
data. The fitted distributions and appropriate parameters can be input to a com-
puter program which would randomly generate a sequence of precipitation events.
If the fitted distributions accurately model observed data, the computer generated
(synthetic) data should have characteristics similar to the observed data. There-

fore, one would be able to generate as many years of precipitation data as
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necessary.

Furthermore, this study has examined differences between wet, average, and
dry years. If it is presumed that wet years in the historical record are representa-
tive of average years under a wetter climatic regime; the statistical characteristics
of average years in a pluvial climate can be determined. Therefore, the observed
data from wet years (defined as the wettest 33 percent of the total record) were
also fit to model distributions and their parameters were estimated. In most
cases, the observed data from wet years were fit to distributions as accurately as

observed data from the entire period of record.

The purpose of fitting distributions and the appropriate parameters to
different sets of observed data is to provide a means of generating lengthy syn-
thetic precipitation sequences to represent current and pluvial climates. However,
it must be noted that the simulated pluvial climate would not include the
extremes of a pluvial regime, but only the characteristics of the "average" years in
a pluvial climatic regime. Nonetheless, the different sets of precipitation data that
can be generated in this manner will be very useful as input data to a water bal-

ance model to determine the effect of different climatic regimes upon recharge.

In light of the results found in this study, the following procedure is recom-
mended for generating and inputting climate data into a water balance model: 1)
construct a computer program to generate synthetic precipitation sequences using
model distributions and appropriate parameters; 2) after the computer determines
the wet or dry status of a given day, a temperature value is assigned conditional
upon the precipitation status; 3) the climatic state of the given day is then input
to a water balance model to calculate evapotranspiration, soil moisture, and net
infiltration. The flow chart, given in Figure 19, outlines the computer code neces-

sary for generation of synthetic climate data.



Figure 19. Flow Chart for Computer Model to Generate Synthetic

Climate Data.
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APPENDIX A

The equation used to calculate the probability of a wet spell of length n is

given by:

p(n)=P(dw)P(wiw)" &' I

where p(n)=probability of a wet spell of length n,
P(d [W—probability of a dry day given a wet day,
P(w (w)=probability of a wet day given a wet day.

This is a first-order Markov chain model as given by Weiss (1964). The expected
values given in Tables A-1 to A~21 were calculated by multiplying p(n) times the

total number of observed sequences.

The null hypothesis was tested using the chi-square goodness of fit test. The
null hypothesis states that the observed distribution of wet day sequences is given

by a first-order Markov chain. The test statistic being used is given by:

ZZE(°.~«.-)7<f

9
where 0. = observed frequencies, e. = expected frequencies, and x” is the value

of a random variable X whose sampling distribution is approximated by the chi-
square distribution. The level of significance for all tests was a=.05. Table A-22
shows the results of the chi-square goodness of fit tests run on wet day sequences.

Table A-23 gives values for P(d]w) calculated from observed data sets for each
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station. P(w]w) is equal to 1- P(d(w).
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Table A-l1. Adaven Wet Day Sequences (1929-78): Observed and Expected
Values Using a First Order Markov Chain.

Sequence Wiiiter Spring
Length

Summmer Fall Annual

(Days) Obsv  Expt  Obsv Expt Obsv Expt Obsv Expt Obsv  Expt

1 249 244 233 221 185 187 144 147 805 794
2 94 94 75 83 71 70 55 48 293 294
3 31 37 23 31 27 26 12 16 2 109
4 13 14 12 12 12 10 7 5 44 41
5 6 6 2 4 3 4 1 2 13 15
6 4 2 7 2 1 1 0 1 1 6
7 1 1 1 1 0 1 0 0 4 2
8 0 0 0 0 0 0 0 0 0 i
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
Table A-2. Beatty Wet Day Sequences (1918-86): Observed and Expected
Values Using a First Order Markov Chain.
Sequence Wiiiter Spring Summer Fall Annual
Length

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv  Expt

1 185 182 183 180 123 125 11 113 597 594
2 64 63 59 59 R 29 38 35 191 187
3 13 2 15 20 7 7 8 1 46 59
4 9 7 6 7 1 2 6 3 2 19
5 5 3 3 2 0 0 0 1 8 6
6 1 1 1 1 0 0 0 0 2 2
7 0 0 0 0 0 0 0 0 0 1
8 0 0 1 0 0 0 0 0 1 0
9 0 0 0 0 0 0 0 0 0 0

10 0 0 0 0 0 0 0 0 0 0
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Table A-3. Bishop Wet Day Sequences (1949-86): Observed and Expected
Values Using a First Order Markov Chain.

Table A-4. Caliente Wet Day Sequences (1929-84): Observed and Expected
Values Using a First Order Markov Chain.

Sequence Wiiiter Spring
Length

Summer Fall Annual

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv  Expt

1 205 211 191 183 180 175 1338 139 709 705
2 101 85 70 78 66 72 57 55 291 289
3 22 34 36 33 31 30 2 2 113 118
4 14 14 1 14 9 12 8 9 a2 48
5 6 6 6 6 8 5 4 4 25 20
6 4 2 2 3 0 2 2 1 8 8
7 0 i i 1 3 1 0 1 4 3
8 0 0 i 1 0 0 0 0 1 1
9 0 0 0 0 0 0 0 0 1

10 0 0 0 0 0 0 0 0 0

Note: One 13-day sequence occurred during spring.
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Table A-5. Haiwee Wet Day Sequences (1930-86): Observed and Expected

Values Using a First Order Markov Chain.

Sequence Wiiiter Spring Summer Eall Annual

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 183 185 174 174 91 Q0 81 91 523 531
2 90 78 53 53 24 25 49 35 216 193
3 22 33 15 16 8 7 12 13 59 70
4 17 14 4 5 1 2 4 5 24 26
5 1 6 3 2 0 1 1 2 5 9
6 1 2 0 0 1 0 0 i 2 3
7 4 1 0 0 0 0 0 0 4 1
8 1 0 0 0 0 0 0 0 2 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
Table A-6. Las Vegas Wet Day Sequences (1931-86): Observed and Expected
Values Using a First Order Markov Chain.
Sequence Winter Spring Summer Fall Annual
Length

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 162 165 147 147 147 144 137 141 585 589
2 65 60 38 37 32 37 43 35 179 173
3 20 22 8 9 10 9 6 9 46 51
4 10 8 4 2 3 2 2 2 19 15
5 3 3 0 1 1 1 0 1 4 4
6 0 1 0 0 0 0 0 0 0 1
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0



Table A-7. Tonopab Wet Day Sequences (1955-86): Observed and Expected

\ alues Esing a First Order Markov Chain.

Sequence Wiiiter Spring Summer Eall Annual

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 120 120 150 154 117 118 93 9% 471 480
2 48 44 58 49 45 12 12 36 190 170
3 14 16 12 16 12 15 10 13 51 60
4 2 6 4 5 6 5 6 5 18 21
5 2 2 2 2 2 2 1 2 7 8
6 3 1 0 1 1 1 0 1 5 3
7 0 0 0 0 0 0 1 0 1 1
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
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Table A-8. Adaven Wet Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Sequence Wiiiter Spring Summmer Fall Annual

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 75 73 74 66 44 50 43 12 236 230
2 29 29 14 25 27 21 13 13 81 88
3 8 11 10 9 u 9 2 4 31 A
4 4 4 4 3 4 4 3 1 16 13
5 2 2 0 1 1 2 0 0 3 5
6 2 1 3 1 0 1 0 0 5 2
7 0 0 0 0 0 0 0 0 0 1
S 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
Table A-9. Adaven Wet Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.
Sequence Winter Spring Summmer Fall Annual
Length

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 103 100 82 79 79 78 57 58 315 311
2 34 40 36 A 25 29 23 20 120 123
3 19 16 7 15 14 1 5 7 45 50
4 6 6 8 7 6 4 4 2 23 19
5 3 3 2 3 1 2 0 1 7 8
6 0 1 3 1 0 1 0 0 2 3
7 1 0 1 1 0 0 0 0 3 1
8 0 0 0 0 0 0 0 0 0 1
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0



Table A-10. Beatty Wet Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Sequence Wiiiter Spring Summer Eall Annual

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv  Expt

1 76 78 62 60 54 54 42 a2 234 234
2 20 17 16 18 12 13 16 14 64 63
3 2 4 4 6 5 3 2 5 13 17
4 1 1 3 2 0 1 4 2 8 5
5 0 0 1 1 0 0 0 1 1 1
6 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
Table A-11. Beatty Wet Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.
Sequence Winter Spring Summer Fall Annual

(Days) Obsv.  Expt Obsv Expt Obsv Expt Obsv Expt Obsv  Expt

1 65 64 69 69 39 41 46 45 219 215
2 30 28 31 28 12 9 12 14 85 82
3 6 12 10 12 2 2 6 5 24 31
4 6 5 3 5 0 1 2 2 1 12
5 4 2 2 2 0 0 0 1 6 5
6 1 i 1 1 0 0 0 0 2 2
7 0 0 0 0 0 0 0 0 0 1
8 0 0 1 0 0 0 0 0 1 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0



112

Table A-12. Bi1sop Wet Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Table A-13. Bishop Wet Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Sequence Wiiiter Spring Summer Fall Annual

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 30 39 47 52 29 30 34 4 138 150
2 35 20 25 17 n 1 12 12 83 62
3 6 1 4 6 5 4 5 4 19 26
4 6 6 2 2 2 1 0 1 10 1
5 2 3 0 1 0 1 1 1 4 4
6 1 2 0 0 0 0 0 0 1 2
7 0 i 0 0 0 0 0 0 0 1
8 0 0 0 0 0 0 0 0 0 0
9 1 0 0 0 0 0 0 0 1 0
10 0 0 0 0 0 0 0 0 0 0
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Table A-14. Caliente Wet Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Note: One 13-day sequence occurred during spring.

Table A-15. Caliente Wet Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Sequence Winter Spring Summer Fall Annual
Length
(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 74 78 71 70 62 57 41 42 246 245
2 43 34 30 30 22 26 21 20 113 109
3 9 15 9 13 9 1 10 9 38 48
4 7 7 7 5 3 5 5 4 2 21
5 2 3 5 2 4 2 1 2 13 10
6 3 1 0 1 0 1 2 1 5

7 0 1 0 0 3 1 0 1 3 0
8 0 0 0 0 0 0 0 0 0 i

9 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0
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Table A-16. Haiwee Wet Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Sequence Wiriter Spring Summer Fall Annual

iJagrn

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 59 64 56 56 27 29 29 30 171 176
2 37 27 17 17 11 8 13 11 78 65
3 9 1 6 6 2 2 4 4 21 24
4 2 5 1 2 0 1 1 2 4 9
5 1 2 1 1 0 0 1 1 3 3
6 0 1 0 0 0 0 0 0 0 1
7 2 0 0 0 0 0 0 0 2 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
Table A-17. Haiwee Wet Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.
Sequence Winter Spring Summer Fall Annual
Length

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 65 63 67 69 41 33 30 36 202 202
2 30 31 28 24 7 12 22 15 86 84
3 1 15 7 8 5 4 6 6 30 35
4 14 8 2 3 1 1 3 3 20 15
5 0 4 2 1 0 0 0 1 2 6
6 1 2 0 0 1 0 0 1 2 3
7 2 1 0 0 0 0 0 0 2 1
8 1 1 0 0 0 0 0 0 1 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
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Table A-18. Las Vegas Wet Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Table A-19. Las Vegas Wet Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Sequence Winter Spring Summer Fall Annual
Lengtli

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

i 61 61 45 44 54 54 47 50 205 206
2 24 25 12 14 14 16 20 14 68 70
3 9 10 4 4 8 5 2 4 25 24
4 6 4 3 1 1 2 1 1 n 8
5 2 2 0 0 0 1 0 0 2 3
6 0 1 0 0 0 0 0 0 0 1
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0



116

Table A-20. Tonopah Wet Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.

Sequence Wiiiter Spring

Summer Fall Annual

(Bays) ~ Obsv. Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 45 45 48 48 27 30 28 28 146 150
2 15 14 18 17 17 12 13 12 61 4
3 4 4 3 6 3 5 Q 5 14 20
4 0 1 3 2 3 2 4 2 10 7
5 0 0 1 1 0 1 1 i 2 3
6 1 0 0 0 0 0 0 0 1 1
7 0 0 0 0 0 0 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
Table A-21. Tonopah Wet Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a First Order Markov Chain.
Sequence Winter Spring Summer Fall Annual
Length

(Days) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 36 38 51 56 45 44 338 33 168 172
2 20 17 26 19 16 18 16 15 76 68
3 7 7 6 6 7 7 7 6 27 27
4 2 3 0 2 2 3 2 3 6 n
5 1 1 1 1 2 1 0 1 4 4
6 1 1 0 0 1 1 0 0 3 2
7 0 0 0 0 0 0 1 0 1 i
8 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0
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Table A-22. Chi-Square Goodness of Fit Test Results for Wet Day Sequences.

Level of Significance a =

Station

Adaven

Beatty

Bishop

Caliente

Haiwee

Las Vegas

Tonopah

Season

Winter
Spring
Summer
Fail

Annual

Winter
Spring
Summer
Fall

Annua]

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

.05; R = Reject Null Hypothesis; F =

Null Hypothesis.

Entire Record

m T T T T M XO T M m L e o B o B o B o | O mMm m 1OV 2O m T M M m M T M M m

m T M T T

Middle (1/3)
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Fail to Reject

Wettest (1/3)
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Table A-23. Values for P(d(w) Calculated from Observed Data
Sets for Each Station.

Station Season Entire Record Middle (1/3) Wettest (1/3)
Winter 6130 6094 6000
Spring 6255 .6258 5654
Adaven Summer 6261 5724 6231
Fall 6719 6941 .6538
Annual .6293 6187 .6040
Winter .6553 7857 5691
Spring .6700 6967 .5918
Beatty Summer .7689 7634 .7681
Fall .6907 .6598 .6809
Annual .6846 .7306 6184
Winter 5623 .5625 AT56
Spring .6667 .6091 .6638
Bishop Summer .6934 .7083 .6351
Fall .6395 .5545 6579
Annual .6306 5981 .5853
Winter .5990 .6196 5625
Spring 5730 4908 5742
Caliente Summer .5884 5814 .5514
Fall .6016 .6148 5302
Annual .5905 5714 .5564
Winter .5810 .5838 5042
Spring .6969 6870 6522
Haiwee Summer .7209 7273 6835
Fall 6164 6164 .5825
Annual .6362 .6319 .5843
Winter .6334 .6345 5928
Spring 7471 1727 .6882
Las Vegas Summer 7471 .7436 6972
Fall 7520 .7609 .7188
Annual .7070 7133 .6610
Winter .6354 6957 .5664
Spring .6822 .6509 6613
Tonopah Summer 6441 .6049 5984
Fall .6266 .5926 5962

Annual .6466 6393 .6047
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APPENDIX B

The equations used to calculate the marginal probability of a dry spell of
length n are as follows:
p(n)=P(w)P(d |w)P(w]d,w) for n=1
p(n)=P(w)P(d |w)P(dfi,w)P(w |ddw) for n=2

p(n)=P(w)P(d w)P(d |d,w)P(d]d,dw)P(d|d,d,d)n' 3P(w |ddd) for n=3,4,...

where p(n)=marginal probability of a dry spell of length n,
P(w)=marginal probability of a day being wet,
P(d Jw)=conditional probability of a dry day following a wet day,

P(d jd,w)=conditional probability of a dry day following a dry day pre-

ceded by a wet day,

P(w|]d,d,w)=conditional probability of a wet day following two dry days

preceded by a wet day,
P(d]d,d,d)=conditional probability of a dry day following three dry days.

This is a third-order Markov chain model as given by Chin (1977). The expected

values, E(n), given in Tables B-l to B-21 were calculated by the equation:

k
E(n)=[p(n)/ X)p(n)] [total number of observed sequences].

n—1
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The null hypothesis was tested using the chi-square goodness of fit test. The

null hypothesis states that the observed distribution of dry day sequences is given
by a third-order Markov chain. The goodness of fit test was applied as described
in Appendix A. The level of significance for all tests was a=.05. Table B-22
shows the results of chi-square goodness of fit tests run on dry day sequences.

Tables B-23 and B-24 give values for the probabilities calculated from observed

data sets for each station.
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Table B-1. Adaven Dry Day Sequences (1929-78): Observed and Expected
Values Using a Third Order Markov Chain.

Sequence Wiiiter Spiing Summmer Eall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 69 72 64 62 48 47 20 23 188 189
2 60 58 42 39 40 42 25 23 153 153
3 39 32 29 24 19 18 20 11 101 75
4 37 28 32 22 23 17 12 11 91 69
5 20 25 23 20 13 16 10 10 58 64
6 31 23 17 18 25 14 8 9 71 59
7 12 20 9 17 11 13 10 9 42 54
8 17 18 14 15 11 12 9 8 52 50
9 21 16 12 14 17 11 5 8 47 46
10 17 14 14 13 10 11 5 8 39 42
11 11 13 12 12 8 10 4 7 31 39
12 15 12 15 11 10 9 9 7 44 36
13 7 10 6 10 12 9 7 6 29 33
14 6 9 7 9 8 8 8 6 28 30
15 4 8 9 8 10 7 8 6 26 28
16 7 7 9 7 7 7 4 5 26 26
17 6 7 4 7 4 6 5 5 15 24
18 6 6 5 6 3 6 7 5 22 22
19 5 5 8 6 8 5 4 5 23 20
20 8 5 5 5 2 5 5 4 20 19
21-30 18 26 27 32 25 34 32 32 98 122
31-40 7 9 10 13 10 16 15 19 39 S3
41-50 3 3 3 5 7 8 8 11 24 24
51-60 1 1 1 2 3 4 7 6 14 10
61-70 0 0 0 1 1 2 3 4 7 5
71-80 0 0 0 0 0 1 0 2 4 2
81-92 0 0 1 0 1 0 0 1 2 1

93- 0 0



Table B-2. Beatty Dry Day Sequences (1918-86): Observed and Expected
Values Using a Third Order Markov Chain.

Sequence Wi nter Spiemg

Summmer Fall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 35 35 33 29 18 19 16 15 91 88
2 35 33 27 28 13 17 10 7 79 76
3 21 15 15 13 6 6 10 7 45 33
4 18 14 14 13 12 6 11 7 43 32
5 14 13 26 12 7 6 9 6 46 30
6 15 12 13 11 10 5 4 6 30 29
7 19 12 10 11 8 5 5 6 33 28
8 8 11 13 10 6 5 5 6 28 26
9 12 10 10 10 3 5 5 6 26 25
10 10 10 11 9 9 5 4 5 26 24
11 6 9 11 9 2 5 6 5 20 23
12 7 9 5 8 9 4 8 5 26 22
13 7 8 6 8 3 4 3 5 10 21
14 5 8 7 7 3 4 5 5 19 20
15 6 7 10 7 4 4 3 5 23 19
16 11 7 6 7 3 4 6 4 24 18
17 11 6 2 6 6 4 3 4 17 18
18 2 6 4 6 5 4 9 4 19 17
19 5 6 6 6 2 4 4 4 17 16
20 2 5 4 5 4 3 4 4 13 15
21-30 26 39 40 40 26 29 26 31 91 121
31-40 28 21 15 23 14 21 16 22 70 77
41-50 7 12 3 13 11 15 16 15 26 49
51-60 5 7 9 8 14 11 10 11 30 31
61-70 3 4 1 5 2 8 6 7 24 20
71-80 0 2 3 3 4 6 2 5 10 13
81-92 1 1 3 2 8 5 4 4 6 9

93- 21 13
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Table B-3. Bishop Dry Day Sequences (1949-86): Observed and Expected
Values Using a Third Order Markov Chain.

Sequence Wiiiter Spring Summmer Eall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 43 41 28 30 17 19 17 18 96 94
2 29 27 15 16 16 20 11 8 70 64
3 13 10 17 11 9 6 12 8 41 29
4 12 10 18 10 9 6 10 7 46 28
5 12 9 7 10 9 5 9 7 30 27
6 9 9 9 9 2 5 8 7 25 25
7 13 8 14 9 9 5 8 6 32 24
8 10 8 7 8 4 5 7 6 23 23
9 7 7 13 8 6 5 4 6 25 22
10 2 7 3 7 2 4 6 5 12 21
11 6 6 6 7 7 4 2 5 10 20
12 4 6 7 6 3 4 7 5 16 19
13 3 6 6 6 2 4 5 5 13 18
14 9 5 5 6 6 4 4 4 19 17
15 3 5 3 5 4 4 5 4 15 16
16 4 5 5 5 3 3 3 4 14 15
17 1 4 5 5 4 3 4 4 10 14
18 5 4 2 4 2 3 5 4 12 14
19 6 4 4 4 0 3 2 4 9 13
20 2 4 3 4 2 3 4 3 9 12
21-30 22 27 29 28 25 24 21 26 87 93
31-40 18 15 9 16 21 16 6 16 48 56
41-50 6 8 6 9 12 10 7 10 25 33
51-60 3 5 4 5 5 7 7 6 23 20
61-70 2 3 5 3 2 5 9 4 18 12
71-80 0 1 0 1 1 3 1 2 8 7
81-92 0 1 0 1 0 2 0 2 3 5

93- 5 5
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Table B-4. Cahente Dry Day Sequences (1929-84): Observed and Expected
Values Using a Third Order Markov Chain.

Sequence Wi [iter Spiming

Summmer Fall Annual
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 62 57 50 48 54 54 33 34 182 179
2 43 40 36 37 38 34 23 25 125 124
3 40 28 31 22 26 18 20 12 106 72
4 26 25 27 20 32 17 11 11 86 67
5 25 23 19 19 13 16 9 11 60 61
6 20 21 24 17 17 14 14 10 65 57
7 12 19 13 16 14 13 13 10 43 52
8 18 17 15 14 15 12 3 9 52 48
9 16 15 14 13 8 11 4 8 37 44
10 16 14 12 12 13 11 9 8 44 41
11 12 12 11 11 9 10 11 8 38 38
12 8 11 6 10 8 9 12 7 27 35
13 9 10 8 9 2 8 6 7 25 32
14 9 9 8 9 6 8 6 6 25 30
15 3 8 5 8 3 7 6 6 13 27
16 6 7 3 7 4 7 9 6 19 25
17 10 7 3 7 4 6 5 5 21 23
18 4 6 8 6 6 6 3 5 19 21
19 3 5 9 6 6 5 6 5 25 20
20 6 5 1 5 7 5 6 4 23 18
21-30 18 29 29 32 25 33 27 32 98 120
31-40 10 10 11 13 10 16 14 18 52 53
41-50 5 4 4 6 6 7 12 10 18 24
51-60 2 1 0 2 4 3 1 5 12 11
61-70 0 1 3 i 2 2 2 3 6 5
71-80 0 0 0 0 0 1 1 2 5 2
81-92 0 0 0 0 1 0 0 1 0 1

93- 3 0
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Table B-5. Haiwee Dry Day Sequences (1930-86): Observed and Expected
Values Using a Third Order Markov Chain.

Sequence Wiiiter Spiing Summimer Fall Annual
Length

(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 45 43 25 24 15 22 15 15 92 88
2 40 41 29 26 9 8 6 7 74 76
3 26 19 23 12 7 4 11 6 59 30
4 27 18 17 11 6 4 9 6 53 29
5 22 16 17 11 5 4 5 5 45 28
6 16 15 10 10 3 4 5 5 26 26
7 14 14 13 10 10 4 7 5 36 25
8 1 13 7 9 4 3 2 5 18 24
9 18 12 6 9 3 3 5 5 30 23
10 9 12 6 8 3 3 3 5 18 22
11 5 11 10 8 1 3 7 5 19 21
12 8 10 9 7 3 3 8 4 19 20
13 10 9 4 7 1 3 6 4 18 20
14 8 9 4 7 3 3 3 4 15 18
15 7 8 3 6 4 3 4 4 11 18
16 8 8 6 6 4 3 4 4 19 17
17 6 7 3 6 3 3 6 4 15 17
18 5 7 6 6 6 3 6 4 18 16
19 5 6 9 5 3 3 2 4 12 15
20 6 6 4 5 1 3 3 3 13 15
21-30 28 39 30 38 19 22 24 28 82 116
31-40 21 19 18 23 14 18 17 19 67 75
41-50 12 10 9 14 15 14 12 15 32 49
51-60 2 5 9 9 10 1 7 1 18 32
61-70 1 2 6 5 2 9 8 8 19 21
71-80 0 1 1 3 6 7 5 6 19 14
81-92 0 1 2 2 12 6 5 5 8 10

93- 24 14
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Table B-6. Las Vegas Diy Day Sequences (1931-86): Observed and Expected
Values Using a Third Order Markov Chain.

Sequence Wi nter Spiming Summmer Fall Annual
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 44 a7 21 22 32 39 20 23 113 115
2 22 19 25 24 17 15 19 19 68 67
3 19 14 16 8 12 8 11 8 49 32
4 14 14 11 8 13 7 13 8 49 31
5 19 13 10 7 19 7 16 8 55 29
6 13 12 4 7 9 7 12 7 30 28
7 15 11 12 7 4 7 5 7 27 27
8 11 11 7 6 8 6 2 7 23 26
9 10 10 6 6 6 6 8 6 23 24
10 8 9 5 6 3 6 5 6 16 23
11 4 9 5 6 4 6 10 6 18 22
12 9 8 6 5 4 5 4 6 21 21
13 9 8 5 5 5 5 2 5 12 20
14 10 7 2 5 4 5 6 5 24 19
15 9 7 6 5 13 5 6 5 28 18
16 6 6 2 5 4 4 4 5 15 17
17 5 6 2 4 3 4 5 4 14 17
18 4 6 2 4 0 4 3 4 10 16
19 6 5 4 4 3 4 1 4 10 15
20 5 5 3 4 4 4 1 4 9 14
21-30 22 35 29 31 23 30 33 31 94 111
31-40 18 18 20 20 15 20 17 20 58 69
41-50 8 10 11 13 12 13 10 13 35 43
51-60 7 5 12 9 9 8 4 8 18 26
61-70 1 3 2 6 7 6 6 5 19 16
71-80 0 1 0 4 2 4 4 3 13 10
81-92 0 1 3 3 1 3 1 3 11 7

93- 11 9



Table B-7. Tonopah Dry Day Sequences (1955-86): Observed and Expected
Values Using a Third Order Markov Chain.

Sequence Wiiiter Spiing

Summmer Fall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 35 36 29 27 34 39 17 16 108 105
2 21 19 35 34 20 19 17 20 83 81
3 12 9 24 14 10 9 14 8 52 35
4 6 9 12 13 15 8 10 7 34 33
5 13 8 16 12 8 8 9 7 39 31
6 10 8 14 11 9 7 14 7 43 29
7 9 7 9 10 6 7 6 6 25 28
8 8 7 14 9 12 7 7 6 34 26
9 6 7 6 9 8 6 3 6 18 24
10 3 6 10 8 11 6 4 5 22 23
11 4 6 3 7 7 6 6 5 18 21
12 6 5 3 7 8 5 1 5 15 20
13 4 5 6 6 3 5 7 5 16 19
14 5 5 4 6 4 5 3 4 14 18
15 2 5 5 5 3 4 2 4 10 17
16 6 4 5 5 2 4 5 4 18 16
17 2 4 6 5 6 4 4 4 16 15
18 6 4 2 4 2 4 3 3 15 14
19 3 4 4 4 2 3 4 3 10 13
20 8 3 2 4 1 3 3 3 15 12
21-30 23 24 15 25 14 24 18 23 67 88
31-40 11 13 8 12 12 13 5 13 38 47
41-50 3 7 6 5 6 7 11 8 25 25
51-60 2 4 3 2 4 4 4 5 16 13
61-70 3 2 2 1 1 2 1 3 5 7
71-80 0 1 0 1 3 1 2 2 7 4
81-92 0 1 1 0 0 1 1 1 2 2

93- 4 2
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Table B-8. Adaven Dry Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Wiiiter Spiing Summmer Eall Annual
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 20 21 17 18 1 9 5 6 50 51
2 16 16 10 9 11 10 5 4 38 38
3 17 10 9 7 4 6 4 3 32 22
4 10 9 8 7 5 5 1 3 18 21
5 5 8 7 6 5 5 3 3 15 19
6 12 7 6 6 7 5 2 3 27 18
7 3 6 5 5 5 4 4 2 19 16
8 3 6 3 5 4 4 3 2 14 15
9 8 5 2 4 8 4 2 2 16 14
10 5 5 3 4 2 3 0 2 8 13
11 3 4 3 4 4 3 1 2 10 12
12 3 4 6 3 1 3 5 2 15 1
13 3 3 0 3 7 3 2 2 10 10
14 2 3 1 3 1 3 2 2 6 9
15 ° 3 4 3 3 2 1 2 9 9
16 2 2 6 2 1 2 2 2 1 8
17 2 2 2 2 1 2 0 2 3 7
18 0 2 2 2 1 2 1 1 3 7
19 2 2 3 2 4 2 0 1 8 6
20 2 2 1 2 0 2 3 1 7 6
21-30 6 9 1 10 5 10 13 10 33 39
31-40 3 3 2 4 4 5 6 6 15 18
41-50 2 1 2 2 4 3 1 4 9 8
51-60 0 0 0 1 1 1 3 2 3 4
61-70 0 0 0 0 0 1 1 1 2 2
71-80 0 0 0 0 0 0 0 1 2 1
81-92 0 0 0 0 0 0 0 1 1 0

93- 0 0
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Table B-9. Adaven Dry Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Winter Spring Summmer Eall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 32 31 26 28 24 25 11 12 91 90
2 30 28 24 24 20 21 13 11 80 80
3 16 16 12 9 8 8 9 5 41 34
4 21 14 12 8 11 7 4 5 44 30
5 10 12 11 7 4 7 5 4 29 28
6 8 10 8 7 10 6 3 4 25 25
7 5 9 2 6 4 6 4 4 13 23
8 9 8 5 5 3 5 4 3 22 21
9 6 7 3 5 4 5 2 3 14 19
10 8 6 6 4 5 4 1 3 16 17
11 5 5 3 4 3 4 1 3 10 15
12 6 4 5 4 7 4 3 3 18 14
13 3 4 3 3 0 3 2 3 8 13
14 1 3 2 3 5 3 4 2 13 11
15 1 3 3 3 6 3 2 2 11 10
16 1 2 1 2 6 2 1 2 9 9
17 1 2 1 2 1 2 2 2 5 8
18 3 2 1 2 1 2 3 2 9 8
19 2 i 2 2 3 2 4 2 10 7
20 3 i 3 2 1 2 0 2 7 6
21-30 4 6 7 10 7 11 11 11 27 38
31-40 1 1 2 3 1 4 2 6 10 14
41-50 0 0 0 1 2 2 4 3 5 5
51-60 0 0 1 0 1 1 3 1 6 2
61-70 0 0 0 0 0 0 0 1 0 1
71-80 0 0 0 0 0 0 0 0 1 0
81-92 0 0 1 0 0 0 0 0 1 0
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Table B-10. Beatty Dry Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Wi nter Spi-ing

Summmer Fall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 12 11 1 12 7 8 7 6 35 31
2 13 10 5 5 7 8 5 4 26 24
3 6 6 8 4 2 3 6 3 20 14
4 3 5 3 4 7 3 4 3 1 13
5 4 5 1 4 3 3 3 3 19 12
6 9 5 4 4 4 3 0 3 12 12
7 8 5 3 4 3 3 4 3 13 11
8 5 4 4 3 2 3 4 3 13 11
9 6 4 1 3 2 2 3 2 1 10
10 4 4 4 3 3 2 0 2 8 10
11 2 4 5 3 0 2 2 2 6 9
12 3 3 1 3 5 2 6 2 12 9
13 5 3 1 3 2 2 1 2 4 8
14 1 3 2 3 2 2 1 2 6 8
15 2 3 4 2 2 2 0 2 9 8
16 6 3 0 2 2 2 1 2 7 7
17 3 2 1 2 3 2 1 2 6 7
18 0 2 2 2 4 2 3 2 9 7
19 2 2 i 2 0 2 0 2 3 6
20 0 2 2 2 2 2 2 2 7 6
21-30 9 15 17 13 12 12 12 12 40 45
31-40 7 8 4 8 1 8 5 8 19 28
41-50 3 4 0 5 6 5 7 5 12 17
51-60 1 2 4 3 4 3 2 3 9 1
61-70 2 1 1 2 0 2 i 2 10 6
71-80 0 1 0 i 1 1 i 1 3 4
81-92 0 0 2 i 2 1 i 1 1 3
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Table B-Il. Beatty Dry Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Winter Spring Summmer Eall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 16 18 18 16 8 9 8 8 43 44
2 14 16 19 20 4 6 5 3 41 40
3 12 7 4 6 3 2 2 3 18 15
4 11 6 7 6 3 2 5 3 22 14
5 6 6 9 5 3 2 5 3 21 13
6 3 6 9 5 0 2 3 3 12 12
7 5 5 5 5 3 2 1 3 11 12
8 3 5 8 4 2 2 1 2 12 11
9 3 4 6 4 1 2 2 2 10 11
10 4 4 4 4 5 2 2 2 9 10
11 2 4 2 4 0 1 3 2 8 9
12 4 3 2 3 2 1 1 2 7 9
13 2 3 0 3 1 1 1 2 3 8
14 3 3 2 3 0 1 3 2 9 8
15 2 3 4 3 1 1 0 2 5 8
16 4 3 1 3 0 1 4 2 10 7
17 5 2 1 2 2 1 0 2 7 7
18 2 2 0 2 1 1 4 2 7 6
19 1 2 1 2 1 1 3 2 7 6
20 2 2 0 2 1 1 2 i 4 6
21-30 9 12 13 13 9 9 9 ii 31 43
31-40 9 5 8 7 8 7 5 7 29 25
41-50 2 2 2 3 1 5 5 5 10 15
51-60 0 1 2 2 6 3 3 3 10 9
61-70 0 1 0 1 1 3 2 2 7 5
71-80 0 0 0 0 1 2 0 1 2 3
81-92 0 0 0 0 2 1 0 1 2 2

93- 2 2
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Table B-12. Bishop Dry Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Wi nter Sp ring Summmer Eall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 13 12 10 9 6 8 6 7 30 32
2 11 9 4 5 9 1 6 5 30 27
3 5 4 6 3 3 2 3 3 13 10
4 3 4 6 3 2 2 5 3 16 9
5 5 3 3 3 3 2 4 3 12 9
6 3 3 2 3 0 2 2 2 8 9
7 5 3 4 3 1 1 3 2 10 8
8 4 3 1 3 2 1 1 2 4 8
9 3 3 2 2 5 1 2 2 10 7
10 1 2 1 2 0 1 2 2 3 7
1 2 2 2 2 0 1 1 2 3 7
12 1 2 1 2 1 1 3 2 4 6
13 1 2 4 2 0 1 3 2 7 6
14 2 2 0 2 2 1 1 2 4 6
15 0 2 2 2 1 1 2 2 5 5
16 2 2 3 2 1 1 1 1 6 5
17 0 2 1 2 2 1 1 1 2 5
18 1 2 0 2 1 1 2 1 3 5
19 3 1 0 1 0 1 0 1 4 4
20 1 1 2 1 0 1 2 1 5 4
21-30 9 10 14 10 7 7 9 9 36 32
31-40 5 5 3 6 1 5 3 6 19 20
41-50 1 3 2 3 4 4 1 4 9 12
51-60 1 2 2 2 1 2 1 2 4 7
61-70 2 1 i 1 0 2 4 i 6 4
71-80 0 1 0 1 1 1 0 i 4 3
81-92 0 0 0 0 0 1 0 i 1 2

93- 1 2
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Table B-13. Bishop Dry Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Winter Spring Summmer Fall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 19 19 13 15 8 9 5 5 43 43
2 11 12 5 6 5 7 2 3 23 24
3 7 4 4 5 1 2 7 3 16 11
4 5 3 5 4 3 2 3 3 14 10
5 2 3 3 4 2 2 1 2 7 10
6 4 3 3 4 1 2 3 2 10 9
7 2 3 7 3 4 2 3 2 11 9
8 2 3 4 3 1 1 4 0 11 8
9 4 2 10 3 1 1 2 2 14 8
10 0 2 2 3 1 1 2 2 5 7
11 2 2 3 3 3 1 1 2 4 7
12 2 2 4 2 0 1 3 2 8 7
13 1 2 2 2 1 1 0 2 3 6
14 7 2 2 2 2 1 3 2 13 6
15 1 2 0 2 1 1 2 2 4 6
16 0 2 0 2 2 1 1 1 3 5
17 0 1 1 2 0 1 0 1 1 5
18 2 1 1 2 0 1 1 1 4 5
19 1 1 1 1 0 1 0 1 1 4
20 0 1 1 1 1 1 2 1 3 4
21-30 7 8 8 9 10 7 6 9 26 31
31-40 4 4 3 5 5 5 1 5 11 18
41-50 3 2 2 2 4 3 3 3 8 10
51-60 1 1 2 1 3 2 4 2 11 6
61-70 0 1 0 1 0 2 2 1 6 3
71-80 0 0 0 0 0 1 0 1 1 2
81-92 0 0 0 0 0 1 0 0 0 1

93- 2 1



Sequence
Length
(Days)

10
11
12
13
14
15
16
17
18
19
20
21-30
31-40
41-50
51-60
61-70
71-80
81-92

93-

Wi nter
Obsv Expt
20 20
12 10
16 9
7 8
9 7
8 7
4 6
7 6
3 5
7 5
3 4
3 4
4 3
5 3
0 3
1 3
2 2
1 2
1 2
1 2
6 11
4 4
2 2
2 1
0 0
0 0
0 0

Table B-14. Caliente Dry Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sp ring
Obsv Expt
24 23
10 9
10 8
10 7
9 6
7 6
4 5
4 5
6 4
4 4
2 4
1 3
1 3
3 3
2 3
2 2
1 2
2 2
4 2
0 2
9 11
4 4
2 2
0 1
1 0
0 0
0 0

Summmer
Obsv Expt
18 15
17 14
10 6
1 6
3 5
4 5
7 4
4 4
3 4
2 4
1 3
4 3
1 3
2 3
3 3
2 2
1 2
1 2
3 2
1 2
6 12
4 6
3 3
1 1
1 1
0 0
1 0

Fall
Obsv  Expt
13 12
9 10
7 5
3 4
3 4
8 4
3 4
0 3
2 3
2 3
3 3
4 3
2 3
1 2
3 2
5 2
4 2
1 2
2 2
3 2
13 11
0 6
5 3
0 2
1 1
0 1
0 0

134

Annual
Obsv Expt
65 65
41 40
39 24
29 22
22 21
24 19
16 18
16 16
12 15
10 14
9 13
9 12
7 11
11 10
7 9
9 9
9 8
4 7
12 7
4 6
34 42
14 19
6 9
7 4
3 2
2 1
0 0
1 0
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Table B-15. Caliente Dry Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence wi rter Spiming Summimer Fall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 25 24 17 17 24 26 10 12 74 74
2 19 19 19 19 11 8 9 9 53 53
3 17 13 15 9 1 6 6 5 43 29
4 12 12 8 8 9 6 4 4 30 27
5 10 10 9 7 2 5 5 4 23 24
6 9 9 7 7 7 5 4 4 25 22
7 6 8 4 6 2 5 3 3 13 20
8 9 7 4 5 6 4 3 3 22 18
9 7 6 6 5 4 4 2 3 17 17
10 4 5 3 4 9 4 4 3 20 15
11 3 5 5 4 4 3 4 3 13 14
12 4 4 4 4 2 3 1 3 7 13
13 1 3 3 3 0 3 4 2 9 11
14 2 3 5 3 0 3 3 2 8 10
15 2 3 1 3 0 2 2 2 4 9
16 3 2 1 2 1 2 3 2 6 9
17 3 2 1 2 0 2 1 2 5 8
18 2 2 1 2 2 2 2 2 7 7
19 2 2 2 2 2 2 2 2 7 7
20 1 1 1 2 4 2 2 2 1 6
21-30 5 7 9 9 8 1 8 11 29 37
31-40 1 2 2 3 3 5 5 5 13 14
41-50 1 0 2 1 2 2 3 3 7 6
51-60 0 0 0 0 2 1 1 1 5 2
61-70 0 0 0 0 0 0 0 1 0 i
71-80 0 0 0 0 0 0 0 0 1 0
81-92 0 0 0 0 0 0 0 0 0 0

93- 0 0
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Table B-16. Haiwee Dry Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Wiiiter Spring

Summmer Fall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 13 11 8 10 2 3 4 3 25 22
2 16 18 11 1 5 3 1 2 28 29
3 12 7 9 3 3 1 4 2 24 10
4 6 6 6 3 0 1 3 2 12 9
5 7 6 5 3 2 1 3 2 17 9
6 7 5 3 3 0 1 1 2 7 9
7 5 5 4 3 2 1 0 2 9 8
8 1 5 0 3 0 1 2 2 1 8
9 6 4 1 3 2 1 1 2 9 8
10 4 4 3 3 1 1 2 2 9 7
1 2 4 4 2 0 1 1 2 7 7
12 3 4 1 2 3 1 3 1 6 7
13 6 3 1 2 0 1 2 1 8 6
14 2 3 1 2 2 1 2 1 6 6
15 1 3 1 2 0 1 0 1 1 6
16 3 3 3 2 1 1 1 1 5 6
17 2 3 1 2 0 1 2 1 3 5
18 1 2 3 2 3 1 1 1 7 5
19 3 2 1 2 2 1 0 1 4 5
20 3 2 0 2 0 1 3 1 6 5
21-30 12 14 12 12 4 8 10 10 30 39
31-40 7 7 5 8 8 6 5 7 22 26
41-50 4 3 6 5 8 5 2 5 14 17
51-60 0 2 4 3 2 4 2 4 6 11
61-70 0 1 2 2 0 3 3 3 8 8
71-80 0 0 0 1 3 3 2 2 7 5
81-92 0 0 0 1 3 2 3 2 3 4
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Table B-17. Haiwee Dry Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Winter Spring Summmer Eall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 21 24 13 1 10 13 9 9 50 50
2 18 17 11 8 3 3 4 4 32 33
3 9 8 10 6 2 2 6 3 25 15
4 14 7 8 6 4 2 4 2 26 14
5 6 7 7 5 3 2 1 2 17 13
6 6 6 4 5 2 2 3 2 13 12
7 3 6 5 5 4 2 6 2 17 12
8 6 5 5 4 3 2 0 2 11 11
9 9 5 3 4 1 2 1 2 14 11
10 3 4 2 4 2 2 0 2 7 10
11 1 4 3 4 1 2 2 2 5 9
12 3 4 3 3 0 1 2 2 6 9
13 2 3 3 3 0 1 3 2 7 9
14 4 3 2 3 0 1 1 2 6 8
15 4 3 2 3 4 1 2 2 6 8
16 1 3 2 3 3 1 1 2 6 7
17 2 2 1 2 2 1 2 2 6 7
18 4 2 2 2 1 1 3 1 7 6
19 1 2 3 2 0 1 0 1 5 6
20 1 2 2 2 1 1 0 1 4 6
21-30 9 12 10 14 9 9 8 11 31 43
31-40 4 5 9 7 3 7 9 7 25 25
41-50 3 2 1 4 3 5 6 5 9 15
51-60 0 1 3 2 5 3 1 3 6 9
61-70 1 0 0 1 1 2 1 2 5 5
71-80 0 0 0 1 2 2 1 1 6 3
81-92 0 0 0 0 2 1 1 1 2 2

93- 4 2
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Table B-18. Las Vegas Dry Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence W iiiter Spring

Summmer Fall Annual
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 14 15 13 13 9 12 7 9 42 44
2 8 8 13 14 3 3 9 1 30 32
3 7 6 7 4 3 2 4 3 17 12
4 3 5 8 3 8 2 5 3 22 12
5 11 5 6 3 1 2 5 3 22 11
6 5 5 0 3 5 2 7 3 12 10
7 5 4 5 3 2 2 2 3 10 10
8 3 4 2 3 1 2 1 2 7 9
9 4 4 1 3 2 2 2 2 8 9
10 4 4 2 2 2 2 2 2 8 9
11 2 3 i 2 1 2 3 2 3 8
12 2 3 2 2 0 2 2 2 6 8
13 3 3 4 2 1 2 0 2 4 7
14 5 3 1 2 1 1 4 2 10 7
15 3 3 3 2 5 1 3 2 10 7
16 1 2 0 2 2 1 1 2 4 6
17 2 2 2 2 2 1 2 2 8 6
18 2 2 1 2 0 1 1 2 5 6
19 1 2 1 2 0 1 0 1 2 5
20 1 2 1 2 2 1 0 1 2 5
21-30 12 12 9 11 6 10 9 11 33 39
31-40 7 6 9 7 4 7 6 7 24 24
41-50 2 3 1 4 3 5 5 4 13 14
51-60 1 1 2 3 3 3 0 3 2 9
61-70 0 1 1 2 3 2 3 2 6 5
71-80 0 0 0 1 2 2 1 1 5 3
81-92 0 0 2 1 1 1 0 1 2 2
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Table B-19. Las Vegas Dry Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Wiiiter Spring Summmer Fall Annual

(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

1 18 21 5 5 12 15 10 11 43 45

2 11 8 7 6 12 12 8 6 32 29

3 7 6 4 3 4 3 6 3 17 13

4 9 6 2 3 4 3 5 3 21 13

5 8 5 3 3 10 3 7 3 24 12

6 5 5 2 2 4 3 4 3 14 11

7 4 5 4 2 1 3 2 3 11 11

8 6 4 3 2 4 3 0 3 11 10

9 2 4 4 2 1 2 4 2 9 10

10 3 4 2 2 1 2 2 2 5 9

11 1 3 3 2 1 2 5 2 10 9

12 5 3 2 2 2 2 1 2 9 8

13 2 3 1 2 2 2 0 2 4 8

14 3 3 1 2 2 2 1 2 7 7

15 4 3 1 2 4 2 0 2 9 7

16 3 2 1 2 1 2 3 2 7 7

17 3 2 0 2 0 2 1 2 4 6

18 0 2 1 1 0 2 2 2 3 6

19 3 2 1 1 2 1 0 2 4 6

20 3 2 1 1 1 1 1 1 4 5

21-30 5 11 10 10 9 11 6 11 23 39

31-40 3 5 8 7 5 6 7 7 20 23

41-50 3 2 3 4 4 4 2 4 9 13

51-60 1 1 5 3 5 2 2 3 6 7

61-70 1 1 0 2 0 1 1 2 8 4

71-80 0 0 0 1 0 1 3 1 2 3

81-92 0 0 0 1 0 1 0 1 6 2

93- 2 1
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Table B-20. Tonopah Dry Day Sequences for the Middle (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Wiiiter Spring Summner Fall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 15 15 7 8 7 8 6 7 35 34
2 8 5 11 11 2 1 4 4 22 19
3 6 3 6 5 4 3 3 3 18 12
4 1 3 6 4 6 3 4 2 14 11
5 5 3 7 4 1 2 4 2 14 10
6 4 3 5 4 2 2 6 2 17 10
7 3 3 2 3 1 2 1 2 5 9
8 2 2 6 3 6 2 3 2 12 9
9 3 2 1 3 2 2 0 2 4 8
10 0 2 4 3 4 2 1 2 7 8
11 4 2 2 2 2 2 2 2 8 7
12 2 2 0 0 2 2 1 2 6 7
13 0 2 1 2 1 2 4 1 7 6
14 2 2 2 2 4 1 2 1 5 6
15 0 2 1 2 0 1 0 1 1 5
16 1 1 1 2 0 1 0 1 4 5
17 0 1 0 1 1 1 0 1 2 5
18 2 1 1 1 1 1 0 1 4 5
19 0 1 0 1 0 1 0 1 2 4
20 1 1 2 1 0 1 2 1 5 4
21-30 5 8 8 7 3 8 7 7 19 28
31-40 5 4 2 3 5 4 3 4 15 15
41-50 1 2 2 1 1 2 2 2 5 8
51-60 0 1 1 1 1 1 0 1 3 4
61-70 2 1 0 0 0 1 1 1 3 2
71-80 0 0 0 0 2 0 0 1 2 1
81-92 0 0 0 0 0 0 1 0 0 1

93- 3 0



141

Table B-21. Tonopah Dry Day Sequences for the Wettest (1/3) Years:
Observed and Expected Values Using a Third Order Markov Chain.

Sequence Wi nter Sp ring Summmer Fall Annual
Length
(Days) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt
1 12 13 9 8 15 16 8 7 41 40
2 9 9 17 17 12 12 8 10 42 43
3 4 3 10 5 6 4 9 4 24 14
4 2 3 5 5 3 3 4 4 12 13
5 7 3 3 4 4 3 4 3 17 12
6 3 3 7 4 4 3 5 3 17 12
7 3 3 3 4 1 3 3 3 8 1
8 0 2 7 3 3 3 4 3 15 10
9 0 2 1 3 5 2 3 3 7 9
10 0 2 2 3 5 2 2 2 6 9
11 0 2 0 3 3 2 1 2 6 8
12 3 2 1 2 4 2 0 2 6 8
13 2 2 2 2 1 2 1 2 4 7
14 2 2 1 2 0 2 0 2 5 7
15 2 2 2 2 3 2 1 2 6 6
16 4 1 3 2 2 2 3 2 1 6
17 2 1 3 2 1 1 1 1 7 5
18 3 1 0 2 1 1 0 1 4 5
19 1 1 2 1 0 1 1 1 3 5
20 1 1 0 1 0 1 1 1 2 4
21-30 6 8 4 9 4 8 6 8 20 30
31-40 3 4 2 4 2 4 1 4 9 15
41-50 1 2 3 2 2 2 5 2 9 7
51-60 1 i 1 i i 1 1 ! ° 4
61-70 1 i 1 0 i 1 0 ! 2 2
71-80 0 0 0 0 i 0 ! 0 3 !
81-92 0 0 0 0 0 0 0 0 2 1

93- 0 0



Table B-22. Chi-Square Goodness of Fit Test Results for Dry Day Sequences.

Level of Significance a _

Station

Adaven

Beatty

Bishop

Caliente

Haiwee

Las Vegas

Tonopah

Season

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

.05; R = Reject Null Hypothesis; F =

Null Hypothesis.

Entire Record

O XV XU M T T M XUV M1 M D M VW M M T XO M m T T M M M L e o R o I o e o |

T T T oM M

Middle (1/3)

O U VW W T T M M /W M T VW M T M M m X;o M m b e o B o R o I u | M T M MmO

m XU XUV T M

Fail to Reject

Wettest (1/3)

T VW W M T M M M XV M M o M m W T M T M M M m M T T M

m XU XV M D
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Table B-23. Values for P(w) and P (d M Calculated from Observed Data

Station

Adaven

Beatty

Bishop

Caliente

Haiwee

Las Vegas

Tonopah

Season

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Sets for Each Station.

Entire Record

1620 /
1381/
<1178 /
.0807 /
1246 /

.0893 /
.0834 /
.0443 /
.0497 /
.0666 /

1144 /
.0887 /
.0623 /
0701 /
.0838 /

1501 /
1398 /
1269 /
.0976 /
1286 /

1159 /
0744 /
0362 /
.0499 /
.0689 /

.0980 /
0621 /
.0610 /
.0595 /
.0701 /

.1018 /
1114/
.0961 /
.0834 /
.0982 /

.8325
.8363
.8610
go4
.8542
.8914
.9053
9125
.9295
.9035

.8317
.8693
.8973
.9048
8732

.8504
8617
.8390
8717
.8545

.8806
.9180
.8862
.9291
.8998

8419
.9072
8377
.9022
.8685

.8306
.8899
8167
9122

.8631

Middle (1/3)

1544 /
1289 /
1180 /
.0683 /
1173/

o777/
0743/
.0562 /
.0586 /
.0666 /

.1098 /
.0928 /
.0602 /
.0862 /
0872/

1368 /
.1601 /
1254 /
.0996 /
1305 /

1150 /
.0707 /
0332/
.0464 /
.0661 /

.1026 /
0754 /
.0530 /
.0646 /
0738 /

1032 /
1196 /
.0891 /
.0890 /
.1002 /

.8376
.8416
.9070
9153
.8676

.9091
.8824
9143
.9344
.9085

.8551
.8788
.8824
.8929
.8785

.8407
.8095
.8687
.8780
.8452

9167
.8987
.9500
.9556
9231

8571
.8706
.8448
.9000
.8627

.7969
.8986
8571
.8750
.8590

Wettest (1/3)

2027 /
1754 /
1449 /
.0982 /
1552 /

1257/
1260 /
.0441 /
.0606 /
.0894 /

1543/
.1060 /
.0670 /
0714/
.0995 /

1919 /
1638 /
1444 /
A177 /7
1544 /

1578 /
1036 /
.0512 /
0672 /
.0947 /

1254 /
.0674 /
0797/
0711/
.0858 /

1168 /
1245 /
1206 /
1059 /
1170 /

.8210
.8060
8197
.8810
.8294

.8585
.8783

.8824
.9048
.8768

7821
8312
.8478
.9200
.8386

.8358
.8667
7745
8734
.8360

.8250
.9038
.8302
.8814
.8592

.8182
.9385
8421
.8696

8613

.8281
9135
.8056
.9000
.8648
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Table B-24. Values for P(w]d,d,w) and P(d]d,d,d) Calculated from Observed Data

Station

Adaven

Beatty

Bishop

Caliente

Haiwee

Las Vegas

Tonopah

Season

Winter
Spring
Summer
Fail

Annual

Winter
Spring
Summer
Fail

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Sets for Each Station.

Entire Record

1635 /
1232/
1434 /
.0995 /
1383/

1149 /
.1008 /
.0822 /
.0355 /
.0918 /

1337/
.0814 /
1221/
.0465 /
.0990 /

1228 /
1231/
1198 /
1077 /
1183 /

1292 /
.0991 /
.0467 /
.0385 /
.0953 /

0762 /
1105 /
0759 /
.0915 /
.0877 /

.1060 /
.1563 /
1103 /
1194 /
1226 /

.8930
9129
9275
.9463
.9210

9422
.9468
.9679
.9647
.9560

9417
.9416
.9598
.9535
.9498

.9023
9157
.9266
9419
9221

.9318
.9513
9764
.9684
.9582

.9379
.9582
.9585
.9569
.9532

.9404
.9260
9421
9473
.9392

Middle (1/3)

1443 /
.0941 /
.1067 /
.0566 /
1125/

.0920 /
.0541 /
.0938 /
.0545 /
.0769 /

1207 /
.0690 /
.2000 /
.0833/
1163/

.0957 /
0941/
1429 /
A127 /
.1108 /

1515/
.1268 /
.0541 /
0233/
1071 /

.0909 /
1644 /
0417 /
1429 /
1136 /

.0800 /
1613 /
.0238 /
0732/
.0900 /

.8958
.9158
.9286
.9529
.9247

.9397
.9480
.9586
.9585
.9520

9411
.9453
.9647
9511
.9508

.9086
.9160
.9310
.9392
9234

.9316
.9553
.9783
.9698
.9600

.9306
9511
.9638
.9545
.9508

.9389
9176
9444
.9466
9377

Wettest (1/3)

1923 /
2037 /
.1900 /
1233/
1825/

1522/
1782 /
.0889 /
.0364 /
1279 /

1803 /
0781/
1282/
.0435 /
.1080 /

1532/
A731/
.0897 /
1176 /
1393/

.1546 /
0753 /
.0465 /
.0588 /

.8587
.9030
9118
.9373
.9057

.9233
.9328
.9689
.9573
9471

.9361
.9302
9615
.9504
.9458

8721
.9017
9231
.9362
.9102

9176
.9352
9671
9611

.1058/.9470

.0875 /
.0862 /
1563 /
.0847 /
.1053 /

1509 /
2027 /
1754 /
1441/
.1687 /

.9245
.9567

9512

.9527
.9463

.9386

.9224

.9341

.9333

.9322
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APPENDIX C

The equation describing the Weibull distribution is given by:
p(x)=oxa- ¥9-aexp[-(x//?)a]

where a , (3 > 0; x>0. The probability for each value of x was calculated, and

the sum of all values of p(x) equals 1.

Estimation of values for a and (3 was accomplished using the method of
moments. The specific iterative scheme used for solving the moment equations is

shown below:

(i)
rearranging (1) yields,
(3=fj,/T(1+7-) (2)
squaring (2) yields,

/P -AM I+i.) (3)

Var=/32r(1+2/a)—PAITl/a)] n
rearranging (4) yields,

P2=vari[r(l+2/a)— (1+1/a)] (5)
equating (3) and (5) yields,

li2lr A1+ 1/a)=var/[r(1+2/a)-r A1+1/a)] (6)
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rearranging (6) yields,

var/lM2=[r(I+2/a)-r2(1+i/a)]/P (i+i/a) @)
rearranging (7) yields,

var/~=[r(I+2/a)/PZl1+1/a)]-I 8
and rearranging (8) yields,

[F(1+2/a)/rX1+ 1/a)]=(var/V2)+1 )

‘where /i — mean of observed data, and var — variance ofobserveddata,and T=
gamma function. The mean and variance are calculated from observed data and
a is estimated from equation (9) on a trial and error basis. A known value of a

can then be substituted back into equation (2) to obtain the value of (3

Data were grouped into .05 inch blocks as follows: .01 - .05 , .06 - .10, .11 -
.15, etc. The probability of each .05 inch block was calculated and multiplied by
the total number of observations to obtain expected values shown in Tables C-I

to C-21.

The null hypothesis was tested using the chi-square goodnessof fittest. The
null hypothesis states that the observed distribution of daily storm depths is
given by the Weibull distribution. The goodness of fit test was applied as
described in Appendix A. The level of significance for all tests was a = .05.
Table C-22 shows results of chi-square goodness of fit tests run on daily storm

depths. Tables C-23 and C-24 give mean, variance, and parameter ( a and (3)

estimates calculated from observed data sets for each station.
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Table C-I. Distribution of Daily Storm Depths for Adaven (1929-1978).

Daily Wiiiter Spring Summer Fall Annual

Depth

(Inches) Obsv  Expt Obsv  Expt Obsv  Expt Obsv  Expt Obsv  Expt

.01-.05 108 105 106 101 103 108 49 47 366 365
.06-.10 108 85 102 80 85 70 39 38 334 276
A11-15 64 71 60 65 61 53 A 32 219 221
.16-.20 60 59 50 53 49 41 41 28 200 181
21-25 41 50 37 44 26 33 20 24 124 149
.26-.30 41 42 30 36 18 27 21 20 110 124
.31-.35 22 35 29 30 21 22 9 18 81 104
.36-.40 36 30 24 25 19 18 10 15 89 87
41-.45 20 25 16 21 13 15 9 13 58 74
.46-.50 22 21 21 17 n 13 18 n 72 62
.51-.55 28 18 14 14 8 n 10 10 60 53
.56-.60 13 15 8 12 13 9 9 9 43 45
.61-.65 14 13 14 10 9 8 3 7 40 38
.66-.70 10 n 6 8 6 7 6 6 28 32
71-.75 3 9 6 7 6 6 4 6 19 27
.76-.80 10 8 2 6 3 5 4 5 19 23
.81-.85 6 7 7 5 1 4 7 4 21 20
.86-.90 2 6 7 4 3 4 2 4 14 17
.91-.95 4 5 1 3 4 3 4 3 13 15
.96-1.00 3 4 5 3 1 3 2 3 n 13
1.01- 28 24 14 14 17 18 22 19 81 77
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Table C-2. Distribution of Daily Storm Depths for Beatty (1918-1986).

Daily Wiliter Spring Summer Fall Annual

Depth

(Inches) Obsv  Expt  Obsv Expt  Obsv  Expt Obsv Expt Obsv Expt

.01-.05 121 109 149 125 85 72 73 59 428 366
.06-.10 70 68 63 72 36 38 3R 38 201 214
11-.15 51 49 49 49 24 25 16 28 140 150

=Ne > 23 37 27 35 17 17 14 21 81 110
21-.25 32 29 20 26 13 13 21 16 86 84
.26-.30 18 23 25 20 6 10 19 13 68 65
.31-.35 23 18 16 15 5 7 16 10 60 51
.36-.40 10 15 12 12 2 6 9 8 R 41
A41-.45 14 12 5 9 5 5 8 7 R 33
46-.50 12 10 6 7 5 4 9 6 R 26
51-.55 10 8 4 6 1 3 3 5 18 21
.56-.60 5 7 5 5 2 2 1 4 13 17
.61-.65 5 6 3 4 1 2 1 3 10 14
28,7 4 5 1 3 2 2 1 3 8 12
71-.75 3 4 4 2 3 1 1 2 1 10
NP 4 3 1 2 0 1 4 2 9 8

.81-.85 4 3 1 2 1 1 0 2 6 7
.86-.90 0 2 1 | 0 1 0 1 1 6
.91-.95 3 2 1 | 0 1 0 1 4 5

.96-1.00 0 2 | 2 1 1 1 5 4
1.01- 7 10 4 4 2 3 6 5 19 2
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Table C-3. Distribution of Daily Storm Depths for Bishop (1949-1986).

Daily Wiiiter Spi=ing Summer Fall Annual

Depth
(Inches) Obsv.  Expt Obsv Expt Obsv Expt  Obsv  Expt Obsv  Expt

.01-.05 139 106 162 126 129 107 107 86 537 426
.06-.10 44 53 48 53

34 42 36 a2 162 179
11-.15 40 37 24 R 13 2 25 27 102 112
.16-.20 20 28 13 21 13 13 16 18 62 78
21-.25 20 2 8 15 9 9 1 13 48 58
.26-.30 13 17 7 1 3 6 9 10 32 45
31-.35 1 14 8 8 1 4 3 8 23 35
.36-.40 7 12 8 6 3 3 4 6 2 28
A41-.45 11 10 5 5 2 2 2 5 20 23
46-.50 12 9 2 4 1 1 4 4 19 19
51-.55 8 8 4 3 1 1 3 3 16 16
.56-.60 7 7 3 3 0 1 3 2 13 14
.61-.65 2 6 0 2 1 1 0 2 3 12
.66-.70 5 5 1 2 1 0 1 2 8 10
71-.75 3 5 1 i 0 0 1 1 5 9
.76-.80 4 4 0 i 0 0 1 1 5 7
.81-.85 3 4 0 i 1 0 1 1 5 7
.86-.90 3 3 1 i 0 0 4 1 8 6
.91-.95 1 3 2 i 0 0 3 1 6 5
.96-1.00 1 3 0 i 0 0 1 1 2 4
1.01- 28 27 5 4 0 0 1 3 34 39
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Table C-4. Distribution of Daily Storm Depths for Caliente (1929-1984).

Daily Winter Spring Summer Fall Annual

Depth

(Inches) Obsv Expt Obsv  Expt  Obsv Expt  Obsv  Expt Obsv  Expt

.01-.05 167 166 199 171 185 149 126 98 677 592

.06-.10 118 108 86 103 77 85 47 60 328 352
11-.15 71 77 75 71 50 59 44 43 240 245
16-.20 58 56 43 51 29 43 27 33 157 180
21-.25 44 42 36 37 3R 33 17 26 129 135
.26-.30 R 31 31 28 24 25 2 20 109 104
31-.35 19 24 17 21 21 20 15 17 72 81
.36-.40 15 18 17 16 19 16 13 13 64 63
A41-.45 15 14 13 12 12 13 12 1 52 50
46-.50 15 1 9 9 12 10 8 9 44 40
51-.55 7 8 5 7 5 8 8 8 25 32
.56-.60 4 6 4 6 3 7 9 6 20 26
61-.65 5 5 3 4 2 6 5 5 15 21
.66-.70 1 4 3 3 5 5 7 5 16 17
71-.75 2 3 1 3 4 4 4 4 1 14
.76-.80 3 2 3 2 4 3 1 3 1 1
.81-.85 1 2 1 2 5 3 3 3 10 9
.86-.90 3 1 2 1 3 2 1 2 9 8
91-.95 0 1 1 1 2 2 2 2 5 6

.96-1.00 2 1 0 1 3 4 2 9 5
1.01- 1 3 4 3 5 9 7 1 17 26
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Table C-5. Distribution of Daily Storm Depths for Haiwee (1930-1986).

Daily Wiiiter Spring Summer Fall Annual

(Inches) Obsv  Expt Obsv Expt Obsv Expt Obsv Expt Obsv  Expt

.01-.05 133 107 140 108 70 57 80 68 423 337
.06-.10 77 71 55 56 27 30 38 37 197 193
11-.15 60 54 28 38 13 20 35 25 136 138
16-.20 33 44 25 28 17 14 7 19 82 105
21-.25 23 36 17 21 10 1 13 15 63 83
.26-.30 30 30 15 17 7 8 6 12 58 67
31-.35 16 25 6 13 10 6 9 9 41 55
.36-.40 16 2 7 1 3 5 6 8 R 45
41-.45 2 19 5 9 1 4 6 6 34 38
.46-.50 16 16 8 8 3 3 4 5 31 R
51-.55 10 14 7 6 0 3 3 4 20 27
.56-.60 8 12 7 5 0 2 2 4 17 23
.61-.65 10 1n 2 5 1 2 3 3 16 20
.66-.70 7 9 7 4 2 i 2 3 18 17
71-.75 13 8 3 3 2 i 3 2 21 15
.76-.80 4 7 1 3 1 i 4 2 10 13
.81-.85 6 6 2 3 1 i 2 2 1n 1n
.86-.90 6 6 1 2 0 i 2 2 9 10
.91-.95 2 5 5 2 2 i 1 1 10 9

.96-1.00 5 4 2 0 0 2 1 9 8

1.01- 47 38 13 14 3 3 8 9 71 63
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Table C-6. Distribution of Daily Storm Depths for Las Vegas (1931-1986):

Observed and Expected Values Using the Weibull Distribution.

Daily Wiiiter Spring Summer Fall Annual

Depth

(Inches) Obsv  Expt Obsv Expt Obsv Expt  Obsv  Expt Obsv Expt

.01-.05 147 113 113 R 117 92 106 85 483 394
.06-.10 53 74 50 50 38 42 43 43 184 205
11-.15 51 53 26 32 22 27 22 28 121 135
.16-.20 31 39 15 22 14 19 16 20 76 %
21-.25 30 29 1 16 12 14 14 15 67 71
.26-.30 20 2 8 12 4 1 8 1 40 54
.31-.35 20 17 12 9 9 9 4 9 45 a2
.36-.40 7 13 5 7 9 7 4 7 25 33
A41-.45 10 10 3 5 8 6 6 6 27 26
.46-.50 9 8 0 4 2 5 2 4 13 21
.51-.55 7 6 6 3 3 4 2 4 18 17
.56-.60 3 5 4 2 2 3 i 3 10 14
.61-.65 3 4 1 2 1 3 3 2 8 1
.66-.70 4 3 3 1 1 2 3 2 1 9
71-75 4 2 2 1 3 2 2 2 1 8
.76-.80 1 2 2 1 0 2 0 1 3 6
.81-.85 1 1 0 1 1 2 1 1 3 5
.86-.90 0 1 0 1 1 1 3 1 4 5
.91-.95 4 1 0 1 0 1 1 1 5 4

.96-1.00 1 1 2 0 1 1 1 1 5 3

1.01- 1 3 0 2 10 8 7 4 18 19
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Table C-7. Distribution of Daily Storm Depths for Tonopah (1955-1986).

Daily Wiiiter Spring Summer Fall Annual

Depth

(Inches) Obsv.  Expt Obsv Expt Obsv Expt Obsv  Expt Obsv Expt

.01-.05 145 124 164 125 101 % % 72 506 417
.06-.10 39 57 49 65 59 49 31 42 178 210
11-.15 34 4 24 4 37 32 16 29 111 135
.16-.20 31 2 19 27 15 23 30 21 9% 93
21-.25 18 15 13 19 18 17 12 16 61 67
26-.30 8 1 19 13 5 13 12 12 44 50
31-.35 3 8 10 10 6 10 1 10 30 37
.36-.40 4 6 12 7 10 8 5 8 31 29
41-.45 2 4 7 5 5 6 5 6 19 22
46-.50 2 3 2 4 3 5 2 5 9 17
51-.55 3 2 1 3 1 4 3 4 8 14
56-.60 2 2 1 2 6 3 2 3 1 1
61-.65 1 1 0 2 2 3 3 3 6 9
.66-.70 0 1 0 1 2 2 3 2 5 7
71-.75 0 1 4 1 0 2 4 2 8 6
.76-.80 0 1 1 1 2 0 1 3 5
.81-.85 0 0 0 1 1 1 0 1 1 4
.86-.90 0 0 0 0 1 1 1 1 2 3
91-.95 0 0 1 0 1 1 1 1 3 2

.96-1.00 0 0 1 0 1 1 3 1 5 2
1.01- 2 1 0 1 7 5 3 3 12 10
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Table C-8. Distribution of Daily Storm Depths for the Middle (1/3) Years at Adaven.

Daily Wiriter Spring Summer Fall
1/epIil

Annual

(Inches) Obsv  Expt Obsv Expt Obsv Expt Obsv  Expt Obsv  Expt

.01-.05 33 27 R 31 A 37 17 12 116 109
.06-.10 26 24 30 24 33 2 6 1 95 81
11-.15 16 21 19 19 17 16 6 9 58 65
.16-.20 20 18 15 16 10 1 14 8 59 53
21-.25 1 15 8 13 5 10 5 7 29 44
.26-.30 14 13 13 1 9 8 9 6 45 37
31-.35 7 1 6 9 7 6 4 5 24 31
.36-.40 14 10 9 7 5 5 4 4 R 26
A41-.45 6 8 1 6 3 4 1 4 1 2
46-.50 9 9 5 4 4 4 3 26 19
51-.55 9 6 3 4 2 3 1 3 15 16
56-.60 2 5 3 3 5 3 2 2 12 14
.61-.65 5 4 7 3 2 2 2 2 16 12
.66-.70 4 4 1 2 i 2 0 2 6 10
71-.75 0 3 0 2 3 2 2 1 5 9
.76-.80 5 3 0 2 1 2 0 1 6 7
.81-.85 4 2 1 i 0 i 2 1 7 6
.86-.90 0 2 4 i 1 i 0 1 5 5
.91-.95 0 2 0 i 2 i 2 1 4 5

.96-1.00 2 1 1 i 1 i 0 1 4 4

1.01- 8 8 4 5 7 9 6 4 25 26
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Table C-9. Distribution of Daily Storm Depths for the Wettest (1/3) Years at Adaven.

Daily Wiriter Spring Summer Fall Annual

Depth

(Inches) Obsv  Expt Obsv  Expt Obsv Expt Obsv Expt Obsv  Expt

.01-.05 49 46 36 A 38 38 19 17 142 135
.06-.10 45 36 37 30 28 29 17 14 127 109
A11-15 27 29 26 26 27 23 14 13 94 91
.16-.20 22 24 20 23 22 19 14 1 78 76
.21-25 22 20 23 19 15 15 6 10 66 64
.26-.30 15 17 13 17 7 13 8 8 43 55
.31-.35 5 14 13 14 n 10 1 7 30 46
.36-.40 13 12 9 12 12 9 3 7 37 39
41-.45 n 10 5 10 6 7 5 6 27 34
.46-.50 5 9 7 9 4 6 8 5 24 29
.51-.55 16 8 9 7 3 5 7 4 35 24
.56-.60 8 7 5 6 5 4 4 4 22 21
.61-.65 4 6 7 5 6 4 1 3 18 18
.66-.70 4 5 5 5 3 3 4 3 16 15
71-.75 2 4 4 4 3 2 2 3 n 13
.76-.80 4 4 2 3 2 2 1 2 9 n
.81-.85 2 3 6 3 0 2 4 2 12 10
.86-.90 2 3 2 2 1 1 2 2 7 8
.91-.95 2 2 1 2 1 1 2 2 6 7
.96-1.00 1 2 3 2 0 1 1 1 5 6
1.00- 15 13 9 9 6 6 n 10 41 38
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Table C-10. Distribution of Daily Storm Depths for the Middle (1/3) Years at Beatty.

Daily Wiiater Spring Summer Fall Annual

Depth

(Inches) Obsv.  Expt Obsv Expt Obsv Expt  Obsv  Expt Obsv Expt

.01-.05 36 35 45 40 44 33 26 2 151 134
.06-.10 22 19 22 23 17 19 14 15 75 73
11-.15 18 14 12 15 5 12 7 1 42 50
.16-.20 6 10 1 n 6 8 3 9 26 37
21-.25 8 8 6 8 6 6 10 7 30 28
.26-.30 5 6 9 6 4 4 9 6 27 21
.31-.35 6 5 4 4 2 3 8 5 20 17
.36-.40 2 4 6 3 1 2 1 4 10 13
41-.45 2 3 1 3 0 2 3 3 6 1
46-.50 5 3 3 2 4 1 5 3 17 9
51-.55 4 2 1 2 1 1 2 2 8 7
.56-.60 2 2 1 1 1 1 1 2 5 6
61-.65 2 2 1 1 1 0 0 i 4 5
.66-.70 1 2 0 1 1 0 1 i 3 4
71-.75 0 1 0 1 0 0 1 i 1 3
.76-.80 1 1 0 0 0 0 3 i 4 3
.81-.85 0 1 0 0 0 0 0 i 0 2
.86-.90 0 1 0 0 0 0 0 i 0 2
.91-.95 3 1 0 0 0 0 0 i 3 2

.96-1.00 0 1 0 0 0 0 0 0 0 1
1.00- 3 5 1 1 0 0 2 2 6 9
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Table a il. Distribution of Daily Storm Depths for the Wettest (1/3) Years at Beatty:

Observed and Expected Values Using the Weibull Distribution.

Daily Wiiiter Spring Summer Fall Annual

(Inches) Obsv.  Expt Obsv Expt Obsv Expt  Obsv  Expt Obsv  Expt

.01-.05 57 46 66 53 19

18 28 23 170 140
.06-.10 27 31 27 33 9 1 1 15 75 89
11-.15 21 23 27 24 14 8 4 1 66 65
.16-.20 13 18 12 18 7 6 10 8 42 50
21-.25 14 14 9 14 2 5 7 7 32 39
.26-.30 1 1 15 1 1 4 6 5 33 31
.31-.35 9 9 9 8 2 3 7 4 27 25
.36-.40 6 7 6 7 1 2 6 4 19 20
A41-.45 8 6 3 5 5 2 5 3 21 16
46-.50 5 2 4 1 2 4 2 12 13
51-.55 5 4 3 3 0 1 1 2 9 1
.56-.60 1 3 4 3 1 1 0 2 6 9
.61-.65 3 3 2 2 0 1 0 1 5 7
.66-.70 2 2 1 & 0 1 0 1 3 6
71-.75 0 2 4 2 2 1 0 1 6 5
.76-.80 3 2 1 1 0 1 1 1 5 4
.81-.85 4 i 1 1 1 1 0 1 6 4
.86-.90 0 i 0 1 0 0 0 1 0 3
.91-.95 0 i 1 1 0 0 0 1 1 3
.96-1.00 0 i 1 1 2 0 1 0 4 2
1.00- 4 4 3 3 2 2 4 3 13 12
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Table C-12. Distribution of Daily Storm Depths for the Middle (1/3) Years at Bishop:

Observed and Expected Values Using the Weibull Distribution.

Daily WiQter Spioing Summer Eall Annual

Depth

(Inches) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

.01-.05 50 35 70 55 42 35 45 34 207 154
.06-.10 17 21 14 20 10 14 13 17 54 73
11-.15 14 15 6 1 5 8 8 1 33 46
.16-20 4 1 6 7 6 5 10 8 26 32
21-.25 7 9 3 5 4 3 3 6 17 23
.26-.30 4 7 2 3 1 2 5 5 12 17
.31-.35 6 5 2 2 0 1 2 4 10 13
.36-.40 3 4 4 2 2 1 3 3 12 10
41-.45 4 4 1 1 1 1 0 2 6 8

.46-.50 3 3 0 1 0 1 2 2 5 6

51-.55 3 2 2 1 0 0 2 2 7 5

.56-.60 4 2 0 1 0 0 2 1 6 4

61-.65 1 2 0 1 0 0 0 1 1 3

66-.70 2 1 0 0 0 0 0 1 2 3

71-.75 0 1 0 0 0 0 0 1 0 2

.76-.80 3 1 0 0 0 0 0 1 3 2

.81-.85 0 1 0 0 1 0 0 1 1 2

.86-.90 0 1 0 0 0 0 3 0 3 1

.91-.95 1 1 0 0 0 0 2 0 3 1
.96-1.00 1 0 0 0 0 0 1 0 2 1

1.00- 2 3 1 1 0 0 1 2 4 6
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Table C-13. Distribution of Daily Storm Depths for the Wettest (1/3) Years at Bishop:

Observed and Expected Values Using the Weibull Distribution.

Daily Wiiiter Spring Summer Fall Annual

Depth

(Inches) Obsv Expt Obsv Expt Obsv  Expt  Obsv Expt Obsv  Expt

.01-.05 49 33 49 40 45 37

33 32 181 140
.06-.10 15 19 23 19 14 14 13 14 65 63
11-.15 16 15 12 13 3 8 9 9 40 42
.16-.20 10 12 4 9 4 5 6 6 24 30
21-.25 8 10 3 7 2 3 2 4 15 23
.26-.30 6 8 3 5 2 2 3 3 14 18
.31-.35 5 7 4 4 1 1 0 2 10 15
.36-.40 2 6 3 3 0 1 1 2 6 12
A41-.45 5 5 3 3 0 1 1 i 9 10
.46-.50 7 5 1 2 1 0 1 i 10 9
51-.55 3 4 2 2 1 0 0 i 6 8
.56-.60 2 4 2 1 0 0 0 i 4 7
.61-.65 1 3 0 1 0 0 0 0 1 6
.66-.70 3 3 1 1 1 0 1 0 6 5
71-.75 3 3 1 1 0 0 1 0 5 4
.76-.80 1 2 0 1 0 0 1 0 2 4
.81-.85 3 2 0 1 0 0 0 0 3 4
.86-.90 3 2 1 1 0 0 0 0 4 3
91-.95 0 2 1 0 0 0 1 0 2 3
.96-1.00 0 2 0 0 0 0 0 0 0 3
1.01- 25 21 4 3 0 0 0 1 29 27
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Table C-14. Distribution of Daily Storm Depths for the Middle (1/3) Years at Caliente:

Observed and Expected Values Using the Weibull Distribution.

Daily Wi liter Spring Summer Fall Annual

Depth

(Inches) Obsv  Expt  Obsv Expt  Obsv  Expt Obsv Expt Obsv Expt

.01-.05 59 53 80 63 63 50 45 33 247 203
.06-.10 38 35 24 43 29 30 17 21 108 127
11-15 22 25 40 31 14 21 13 15 89 90
.16-.20 12 18 19 22 13 16 u 12 55 66
.21-.25 17 13 13 16 7 12 4 9 41 50
.26-.30 8 10 © 12 10 9 7 8 37 38
.31-.35 4 7 6 9 10 7 6 6 26 29
.36-.40 7 6 8 7 7 6 3 5 25 23
41-.45 2 4 5 5 4 4 5 4 16 18
.46-.50 6 3 4 4 5 3 5 3 20 14
.51-.55 2 2 3 3 3 3 3 3 u n
.56-.60 2 2 1 2 1 2 3 2 7 9
.61-.65 2 1 2 2 0 2 3 2 7 7
.66-70 1 1 0 1 1 1 2 2 4 6
.71-75 0 1 0 1 1 1 2 1 3 5
.76-.80 1 1 2 1 0 1 0 1 3 4
.81-.85 0 0 1 0 2 1 2 1 5 3
.86-.90 1 0 1 0 2 1 1 1 5 2
.91-.95 0 0 0 0 0 1 1 1 1 2
.96-1.00 1 0 0 0 0 0 1 1 2 2
1.01- 0 1 0 1 1 2 2 4 3 7



Table C-15. Distribution of Daily Storm Depths for the Wettest (1/3) Years at Calient,:

Observed and Expected Values Using the Weibull Distribution.

Daily Winter Spring Summer Fall Annual

Depth

(Inches) Obsv Expt  Obsv Expt  Obsv Expt  Obsv Expt  Obsv Expt

.01-.05 56 58 64 56 62 48 45 35 227 208
.06-.10 49 45 40 37 20 29 17 2 126 131
11-.15 33 35 2 27 2 21 17 17 99 95
.16-.20 26 26 17 20 1 16 9 13 63 71
21-.25 17 20 15 15 14 13 7 10 53 55
.26-.30 19 15 10 12 12 10 1n 8 52 43
.31-.35 9 1 8 9 6 8 6 7 29 4
.36-.40 5 8 9 7 8 7 9 6 31 27
A41-.45 7 6 8 6 4 5 4 5 23 2
46-.50 5 5 3 4 6 5 3 4 17 18
51-.55 2 3 2 3 1 4 4 3 9 15
.56-.60 2 3 3 3 1 3 4 3 10 12
.61-.65 2 2 1 2 1 3 1 2 5 10
.66-70 0 1 3 2 2 2 3 2 8 8
.71-75 1 1 0 1 2 2 1 2 4 7
76-.80 2 1 1 1 3 2 1 1 7 6
.81-.85 1 1 0 1 2 i 1 1 4 5
.86-.90 2 0 1 1 1 i 0 1 4 4
.91-.95 0 0 1 1 2 i 1 1 4 3
.96-1.00 0 0 0 0 2 i 2 1 4 3
1.01- 0 1 3 2 4 6 4 5 1 14
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Table C-16. DI1Sribution of Daily Storm Depths for the Middle (1/3) Years at Haiwee:

Observed and Expected Values Using the Weibull Distribution.

Daily Wiiter Spring Summer Fall Annual

Depth

(Inches) Obsv  Expt  Obsv Expt  Obsv  Expt Obsv Expt  Obsv  Expt

.01-.05 47 38 50 40 30 21 21

19 148 116
.06-.10 30 26 21 20 6 9 16 1 73 67
11-.15 21 20 9 13 4 6 8 8 42 48
.16-.20 12 16 9 9 2 4 2 6 25 36
21-.25 8 13 7 7 4 3 5 5 24 28
.26-.30 6 1 2 5 2 2 3 4 13 2
.31-.35 6 9 2 4 1 2 1 3 10 18
.36-.40 6 8 1 3 2 1 1 3 10 15
41-.45 6 6 0 3 0 1 4 2 10 12
46-.50 9 5 1 2 1 1 2 2 13 10
51-.55 5 5 3 2 0 1 3 2 1 9
.56-.60 4 4 2 i 0 1 1 1 7 7
61-.65 3 3 0 i 0 0 1 1 4 6
.66-.70 2 3 3 i 0 0 0 1 5 5
71-.75 6 3 2 i 0 0 1 1 9 5
.76-.80 1 2 0 i 1 0 1 1 3 4
.81-.85 1 2 0 i 0 0 0 1 1 3
.86-.90 1 2 0 i 0 0 1 1 2 3
91-.95 0 1 1 0 1 0 0 1 2 3
.96-1.00 1 1 1 0 0 0 2 0 4 2
1.01- 12 9 3 3 1 1 3 3 19 16
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Table C-17. Distribution of Daily Storm Depths for the Wettest (1/3) Years at Haiwee:

Observed and Expected Values Using the Weibull Distribution.

Daily Wi iter Spring Summer Fall Annual
Depth

(Inches) Obsv  Expt  Obsv Expt  Obsv  Expt Obsv Expt Obsv Expt

.01-.05 48 36 55 40 29 25 35 28 167 126
.06-.10 24 26 21 23 14 14 14 15 73 78
11-.15 26 2 1 16 6 9 17 1 60 59
.16-.20 15 18 12 13 9 7 2 8 38 46
21-.25 9 16 8 10 4 5 7 6 28 38
.26-.30 16 14 9 8 3 4 3 5 31 31
31-.35 9 12 3 7 6 3 4 4 2 26
.36-.40 7 10 5 6 1 2 2 3 15 22
A41-.45 13 9 4 5 0 2 2 3 19 19
46-.50 7 8 7 4 2 2 1 2 17 16
.51-.55 2 7 2 4 0 1 0 2 4 14
.56-.60 3 6 4 3 0 1 1 2 8 12
.61-.65 6 6 1 3 0 1 2 2 9 1
.66-.70 5 5 2 2 2 1 1 1 10 9
71-75 6 5 1 2 1 1 2 1 10 8
.76-.80 3 4 1 2 0 0 3 1 7 7
.81-.85 3 4 1 2 0 0 2 1 6 7
.86-.90 3 3 0 1 0 0 1 1 4 6
.91-.95 1 3 4 1 1 0 0 1 6 5

.96-1.00 4 3 1 1 0 0 0 1 5 5

1.01- 32 26 10 10 2 1 5 5 49 41
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Table C-18. Distribution of Daily Storm Depths for the Middle (1/3) Years at Las Vegas:

Observed and Expected Values Using the Weibull Distribution.

Daily Wi nter Spring Summer Fall Annual
Depth

(Inches) Obsv  Expt  Obsv Expt  Obsv  Expt Obsv Expt  Obsv  Expt

.01-.05 51 33 48 37 39 33 44 36 182 151
.06-.10 24 28 20 21 1 12 14 17 69 77
11-.15 17 21 8 14 8 7 9 1 a2 50
.16-.20 7 15 9 10 2 5 7 7 25 35
21-.25 10 1 5 7 4 4 7 5 26 25
.26-.30 8 9 4 5 2 3 3 4 17 19
31-.35 12 6 5 4 1 2 2 3 20 15
.36-.40 0 5 2 3 2 2 2 2 6 n
41-.45 6 4 1 2 4 1 0 2 1 9
46-.50 5 3 0 2 0 1 1 5 7
.51-.55 4 2 3 1 3 1 1 1 1 6
.56-.60 1 2 1 1 0 1 0 1 2 5
.61-.65 0 i 1 1 0 1 1 1 2 4
.66-.70 0 i 1 1 0 1 1 1 2 3
71-75 2 i 1 1 0 1 0 0 3 2
8- 8o 0 i 1 0 0 0 0 0 1 2
.81-.85 0 0 0 0 0 0 0 0 0 2
.86-.90 0 0 0 0 1 0 0 0 1 1
.91-.95 1 0 0 0 0 0 1 0 2 1
.96-1.00 0 0 1 0 0 0 0 0 1 1
1.01- 0 1 0 1 1 2 2 1 3 5



Table C-19. Distribution of Daily Storm Depths for the Wettest (1/3) Years at Las Vegas:

Observed and Expected Values Using the Weibull Distribution.

Daily Wiiiter Spring Summer Fall Annual

(Inches) Obsv Expt Obsv Expt Obsv Expt Obsv Expt Obsv Expt

.01-.05 52 37 33 30 40 R 38 25 163 126
.06-.10 15 28 2 17 14 17 14 15 65 77
11-.15 23 21 12 12 10 12 6 n 51 55
.16-.20 15 17 2 8 12 9 7 8 36 41
21-.25 15 13 6 6 6 7 4 6 31 32
.26-.30 10 1 0 5 1 5 3 5 14 25
.31-.35 8 8 6 3 5 4 2 4 21 20
.36-.40 7 7 2 3 7 4 1 3 17 16
A41-.45 3 5 2 2 2 3 5 3 12 13
46-.50 4 4 0 2 1 2 2 2 7 1n
51-.55 2 3 3 1 0 2 0 2 5 9
.56-.60 1 3 1 1 1 2 1 2 4 7
.61-.65 3 2 0 1 1 1 2 1 6 6
.66-.70 3 2 2 1 0 1 2 1 7 5
71-.75 2 i 1 0 3 1 2 1 8 4
.76-.80 1 i 0 0 0 1 0 1 1 4
.81-.85 1 i 0 0 0 1 0 1 1 3
.86-.90 0 i 0 0 0 1 2 1 2 2
91-.95 3 i 0 0 0 1 0 1 3 2
.96-1.00 1 i 1 0 0 1 1 0 3 2
1.01- 1 2 0 1 7 4 5 3 13 10
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Table C-20. Distribution of Daily Storm Depths for the Middle (1/3) Years at Tonopah:

Observed and Expected Values Using the Weibull Distribution.

Daily Wi nter Spring Summer Fall Annual
Depth

(Inches) Obsv  Expt  Obsv Expt  Obsv  Expt Obsv Expt Obsv Expt

° o5 42 35 56 44 29 29 28 21 155 131
.06-.10 15 21 18 2 18 15 1 14 62 70
11-.15 9 13 10 13 16 10 4 10 39 46
.16-.20 12 8 6 9 3 7 9 8 30 31
21-.25 7 5 6 4 5 6 6 19 2
26-.30 3 3 4 4 3 4 6 5 16 16
31-.35 1 2 3 3 1 3 5 4 10 12
.36-.40 1 1 6 2 1 2 2 3 10 9
41-.45 1 1 2 2 1 2 2 2 6 7
.46-.50 0 1 0 1 1 1 0 2 1 5
51-.55 1 0 0 1 0 1 1 1 2 4
.56-.60 1 0 1 1 2 1 0 1 4 3
61-.65 0 0 0 1 1 1 2 1 3 2
.66-70 0 0 0 0 0 0 2 1 2 2
71-75 0 0 1 0 0 0 1 1 2 1
.76-.80 0 0 0 0 0 0 0 0 0 1
.81-.85 0 0 0 0 1 0 0 0 1 1
2 8o 0 0 0 0 0 0 0 0 0 1
.91-.95 0 0 0 0 0 0 1 0 1 1

.96-1.00 0 0 1 0 0 0 1 0 2 0
1.01- 0 0 0 0 1 1 0 1 1 2
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Table C-21. Distribution of Daily Storm Depths for the Wettest (1/3) Years at Tonopah:

Observed and Expected Values Using the Weibull Distribution.

Daily Wi nter Spi-ing Summer Fall Annual

Depth

(Inches)  Obsv  Expt Obsv Expt  Obsv  Expt Obsv Expt Obsv Expt

.01-.05 52 46 58 40 49 35 40

30 199 152
.06-.10 15 21 14 24 17 19 1 18 57 81
11-.15 17 13 10 16 1 13 10 13 48 54
.16-.20 1 9 4 12 4 10 17 9 36 39
21-.25 8 6 7 8 1 8 3 7 29 29
.26-.30 2 5 12 6 1 6 4 6 19 2
31-.35 2 3 5 5 2 5 5 4 14 17
.36-.40 1 3 5 4 6 4 1 3 13 14
41-.45 1 2 4 3 1 3 2 3 8 1
46-.50 1 2 2 2 2 3 2 2 7 9
51-.55 2 1 1 2 1 2 1 2 5 7
56-.60 1 1 0 1 4 2 2 1 7 6
.61-.65 1 1 0 1 0 2 0 1 1 5
.66-.70 0 1 0 1 2 1 1 1 3 4
71-.75 0 1 2 1 0 1 3 1 5 3
.76-.80 0 0 1 0 2 1 0 1 3 3
.81-.85 0 0 0 0 0 1 0 1 0 2
.86-.90 0 0 0 0 1 1 0 0 1 2
.91-.95 0 0 1 0 1 1 0 0 2 2
.96-1.00 0 0 0 0 1 1 1 0 2 1
1.01- 2 1 0 1 6 4 3 2 1 8
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Depths.

; ~ , jfc Null HyP°thesis; F = Fail to Reject
Null Hypothesis.

Station Season Entire Record Middle (1/3) Wettest (1/3)
Winter R r c
Spring F F
Adaven Summer = . -
Fall F . :
Annual R R .
Jemmm e e e
Winter F F .
Spring F F D
Beatty Summer F £ :
Fall R F R
Annual R = .
Winter E F .
Spring R R £
Bishop Summer R . £
Fall = F .
Annual R R R
Winter = E F
Spring F R F
Caliente Summer R = .
Fall E E F
Annual R E F
Winter R F F
Spring R F E
Haiwee Summer F F .
Fall F F F
Annual R R R
Winter R R F
Spring F F F
Las Vegas Summer R F F
Fall F E R
Annual R R R
Winter R F E
Spring R F R
Tonopah Summer F F R
Fall R F R
Annual R F R
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Table C-23. Values for a / f3 Calculated from Observed Data
Sets for Each Station.

Station Season Entire Record Middle (1/3) Wettest (1/3)
Winter 97/ 29.35 1.03 / 32.01 .93/ 29.82
Spring 97/ 26.17 .95 / 25.86 1.03/ 3151
Adaven Summer 83/ 23.62 .74/ 23.69 .94/ 25.93
Fail .96 / 34.03 99 / 32.83 .99 / 38.61
Annual .92 / 27.60 91/ 28.29 .96 / 30.66
Winter .82 / 19.60 .73/ 19.46 .87 / 20.99
Spring 81/ 15.17 .82/ 1398 .85/ 18.27
Beatty Summer .75/ 13.78 .84/ 12.10 .78 / 20.69
Fall 84/ 20.31 87/ 22.42 .83/ 22.30
Annual 80/ 17.18 .76 / 16.32 .84/ 20.18
Winter 64/ 21.49 .82/ 18.62 .71/ 35.91
Spring 64/ 9.64 .60 / 6.60 69/ 1441
Bishop Summer 71/ 6.77 71/ 7.26 .70 / 6.70
Fall 717 1242 72/ 14.94 .70/ 9.84
Annual 59/ 12.05 .70 / 12.04 .59 / 16.86
Winter .90/ 16.17 92/ 1574 1.03/ 17.82
Spring .86 / 14.90 .95/ 15.53 .89/ 17.70
Caliente Summer .79/ 16.74 .83/ 16.55 .80 / 20.57
Fall .80 / 20.40 .83/ 21.87 .82/ 23.00
Annual .82/ 16.56 .86 / 16.81 .84/ 18.95
Winter 81/ 29.47 .84/ 26.64 .87 / 39.20
Spring 69/ 17.44 .70 / 14.31 .72/ 2354
Haiwee Summer .75/ 1457 65/ 11.12 .76 / 15.61
Fall .72/ 18.75 77/ 22.59 .71/ 20.54
Annual 74/ 21.84 .76 / 20.28 T7 1/ 271.73
Winter .90 / 16.76 98/ 17.12 95/ 21.34
Spring .80/ 12.86 81/ 13.62 .84 / 14.53
Las Vegas Summer 63/ 13.39 54/ 9.26 .72/ 1859
Fall 72/ 1411 71/ 11.35 .79 / 20.55
Annual .74/ 14.30 747 1321 .81/ 18.99
Winter .75/ 9.57 .97/ 10.75 .69 / 10.80
Spring 81/ 11.26 77/ 10.33 87/ 1442
Tonopah Summer .73/ 1450 .78 / 12.56 .73/ 18.56
Fall 81/ 16.32 .90 / 18.39 81/ 17.44

Annual 75/ 12.40 81/ 12.42 .75/ 15.02



Table C-24. Values for , / var Calculated from Observed Data

Station

Adaven

Beatty

Bishop

Caliente

Haiwee

Las Vegas

Tonopah

Season

Winter
Spring
Summer
Fail

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Winter
Spring
Summer
Fall

Annual

Entire Record

29.73 / 935.27
26.51 / 749.19
26.03 / 998.79
34.77 / 1320.69
28.76 / 968.44

21.83/ 718.11
16.99 / 449.63
16.37 / 497.80
22.26 / 721.49
19.47 / 602.57

29.83 / 2391.03
13.39 / 478.25
8.46 / 149.09

15.53 / 497.17
18.46 / 1134.95

17.01 / 355.78
16.08 / 351.33
19.19 / 594.01
23.11 / 852.15
18.45 / 513.20

33.01/ 1677.31
22.40 / 1125.59
17.31 / 546.13
23.14 / 1079.53
26.27 / 1302.91

17.64 / 384.84
14.57 / 335.38
19.00 / 973.05
17.41 / 603.66
17.20 / 549.87

11.36 / 237.25
12.61 / 250.38
17.66 / 598.34
18.28 / 514.77
14.74 / 396.69

Sets for Each Station.

Middle (1/3)

31.62 / 946.61
26.43 / 780.34
28.50 / 1518.40
32.97 / 1105.29
29.59 / 1069.00

23.70 / 1096.76
15.58 / 366.71
13.26 / 250.67
24.05 / 764.01
19.28 / 657.16

20.74 / 654.79
9.96 / 311.87
9.07 / 170.77
18.43 / 672.82
15.25 / 506.00

16.39 / 312.12
15.87 / 277.95
18.24 / 486.55
24.10 / 858.44
18.14 / 454.74

29.19 / 121321
18.13 / 700.49
15.22 / 580.14
26.37 / 1199.44
23.96 / 1018.30

17.28 / 311.17
15.25 / 359.97
16.19 / 1052.37
1419 /7 421.77
15.89 / 479.54

10.89 / 126.88
12.05 / 253.26
14.48 / 355.24
19.35 / 464.53
13.92 / 298.25

Wettest (1/3)

30.92 / 1106.27
31.13 / 912.96
26.63 / 806.04
38.77 / 1541.22
31.21 / 1059.24

22.52 / 667.24
19.92 / 552.37
23.86 / 967.45
24,57 / 883.34
22.12 / 700.09

44.89 / 4231.77
18.50 / 753.48
8.49 / 152.28
12.46 / 336.69
25.83 /7 2138.11

17.60 / 289.16
18.71 / 445.64
23.30 / 858.37
25.63 / 1005.90
20.76 / 608.74

42.06 / 2340.96
29.04 / 1695.99
18.44 / 605.79
25.67 / 1364.92
32.36 / 1823.49

21.81 / 527.26
15.92 / 360.24
22.95/ 1061.83
23.55 / 904.60
21.27 / 700.10

13.87 / 423.61
15.48 / 319.02
22.61 / 1010.24
19.54 / 593.07
17.85 / 594.27

170
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Table D-L Bishop, Daily Frequency of Precipitation for the Middle (1/3) Years. Table
alues Repiesent Number of Days with Precipitation Depths at or Above Given Threshold.

0.01 in. 0.10 in. 0.25 in. 0.50 in. 1.00 in
Dec 2.54 1.23 0.77 0.38 008
Jan 4.08 2.08 1.00 0.46 0.00
beb 331 1.69 1.16 0.54 008
Mar 2.62 0.54 0.23 0.16 0.08
Apr 2.62 0.69 0.38 0.00 0.00
May 331 0.92 0.38 0.08 0.00
Jun 0.54 0.23 0.00 0.00 0.00
Jul 3.54 1.08 0.31 0.08 0.00
Aug 1.46 0.46 0.08 0.00 0.00
Sep 2.62 0.46 0.31 0.00 0.00
Oct 2.08 1.08 0.31 0.08 0.00
Nov 3.15 1.92 116 0.85 0.08
Win 9.93 5.00 2.93 1.38 0.16
Spg 8.55 2.15 0.99 0.24 0.08
Sum 554 1.77 0.39 0.08 0.00
Fal 7.85 3.46 1.78 0.93 0.08
Year 31.87 12.38 6.09 2.63 0.32

Table D-2. Bishop, Daily Frequency of Precipitation for the Wettest (1/3) Years. Table
Values Represent Number of Days with Precipitation Depths at or Above Given Threshold.

0.01 in. 0.10 in. 0.25 in. 0.50 in. 1.00 in.

Dec 3.58 2.50 1.67 117 0.67
Jan 5.58 3.25 217 1.58 1.00
Feb 475 2.92 2.00 1.08 0.42
Mar 4.83 1.92 1.33 058 0.17
Apr 2.92 1.50 0.75 0.50 0.17
May 2.00 0.75 0.25 0.00 0.00
Jun 217 0.58 0.25 0.17 0.00
Jul 1.83 0.42 0.17 0.00 0.00
Aug 217 058 0.17 0.00 0.00
Sep 217 1.08 0.25 0.08 0.00
Oct 1.67 0.42 0.08 0.00 0.00
Nov 2.67 0.92 0.50 0.25 0.00
Win 13.91 8.67 5.84 3.83 2.09
Spg 9.75 417 2.33 1.08 0.34
Sum 6.17 1.58 059 0.17 0.00
Fal 6.51 2.42 0.83 0.33 0.00

Year 36.34 16.84 9.59 541 2.43
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Table D-3. Haiwee, Daily Frequency of Precipitation for the Middle (1/3) Years. Table
\ alues Represent Number of Days with Precipitation Depths at or Above Given Threshold.

0.01 in. 0.10 in. 0.25 in. 0.50 in. 1.00 in.
Dec 2.78 2.06 1.22 0.61 0.17
Jan 3.39 1.83 iii 0.56 0.22
Feb 4.22 2.33 1.56 0.89 0.28
Mar 3.94 1.89 0.78 0.50 0.06
Apr 122 0.39 0.22 0.17 0.06
May 133 0.44 0.28 0.17 0.06
Jun 0.56 0.22 0.17 0.06 0.00
Jul 1.39 0.50 0.11 0.00 0.00
Aug 111 0.39 0.22 0.17 0.06
Sep 1.28 0.67 0.28 0.11 0.00
Oct 111 0.44 0.28 0.11 0.00
Nov 183 1.17 0.78 0.50 0.17
Win 10.39 6.22 3.89 2.06 0.67
Spg 6.49 2.72 128 0.84 018
Sum 3.06 111 0.50 0.23 0.06
Fal 4.22 2.28 1.34 0.72 0.17
Year 24.16 12.33 7.01 3.85 1.08

Table D-4. Haiwee, Daily Frequency of Precipitation for the Wettest (1/3) Years. Table
Values Represent Number of Days with Precipitation Depths at or Above Given Threshold.

0.01 in. 0.10 in. 0.25 in. 0.50 in. 1.00 in.

Dec 3.71 2.65 1.59 1.00 0.59
Jan 5.29 3.59 2.47 1.35 0.53
Feb 5.24 418 3.12 171 0.76
Mar 5.18 3.06 2.00 1.35 0.41
Apr 3.00 1.59 0.88 0.24 0.18
May 1.35 0.71 0.35 0.12 0.00
Jun 0.88 041 0.18 0.06 0.00
Jul 1.76 0.94 0.24 0.00 0.00
Aug 2.06 0.88 0.65 0.29 0.12
Sep 2.00 1.06 0.71 0.29 0.06
Oct 153 0.59 0.35 0.18 0.00
Nov 2.59 1.76 0.71 0.53 0.24
win 14.24 10.42 7.18 4.06 1.88
Spg 953 5.36 3.23 171 0.59
Sum 4.70 2.23 1.07 0.35 0.12
Fal 6.12 341 1.77 1.00 0.30

Year 34.59 21.42 13.25 7.12 2.89
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Tahk D-5. Adaven, Daily Frequency of Precipitation for the Middle (1/3) Years. Table
alues Represent Number of Days with Precipitation Depths at or Above Given Threshold.

Table D-6. Adaven, Daily Frequency of Precipitation for the Wettest (1/3) Years.

Table

Values Represent Number of Days with Precipitation Depths at or Above Given Threshold.

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

0.01 in.

547
6.20
6.60
7.27
5.53
3.33
2.53
5.33
5.47
2.67
2.67
3.60

18.27
16.13
13.33
8.94

56.67

0.10 in.

3.73
4.53
4.80
5.87
3.93
213
2.00
3.73
3.73
187
213
2.67

13.06
11.93
9.46
6.67

41.12

0.25 in.

2.33
247
3.00
3.53
2.33
127
113
167
2.07
1.20
1.40
1.80

7.80
7.13
4.87
4.40

24.20

0.50 in.

1.20
1.40
147
2.00
1.40
0.27
0.60
0.73
0.73
0.93
0.87
1.20
4.07
3.67
2.06
3.00

12.80

1.00 in.

0.13
0.40
0.47
0.40
0.27
0.07
0.00
0.20
0.20
0.20
0.27
0.27

1.00
0.74
0.40
0.74

2.88
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Table D -/. Cahente, Daily Frequency of Precipitation for the Middle (1/3) Years. Table
Values Represent Number of Days with Precipitation Depths at or Above Given Threshold.

0.01 in. 0.10 in. 0.25 in. 0.50 in. 1.00 in.

Dec 4.73 2.47 0.93 0.33 0.00
Jan 3.93 2.20 1.07 0.47 0.00
Feb 3.67 1.93 0.73 0.07 0.00
Mar 5.40 3.20 1.27 0.20 0.00
Apr 5.00 2.47 1.27 0.33 0.00
May 4.33 2.67 0.73 0.20 0.00
Jun 147 0.40 0.20 0.07 0.00
Jul 4.60 2.07 1.07 0.13 0.00
Aug 5.47 327 2.07 0.60 0.07
Sep 1.60 0.93 0.93 0.33 0.00
Oct 353 1.80 0.93 0.27 0.07
Nov 3.93 2.40 1.27 0.73 0.07
Win 12.33 6.60 2.73 0.87 0.00
Spyg 14.73 8.34 3.27 0.73 0.00
Sum 11.54 5.74 3.34 0.80 0.07
Fal 9.06 513 313 1.33 0.14
Year 47.66 25.81 12.47 3.73 0.21

Table D-8. Caliente, Daily Frequency of Precipitation for the Wettest (1/3) Years. Table
Values Represent Number of Days with Precipitation Depths at or Above Given Threshold.

0.01 in. 0.10 in. 0.25 in. 0.50 in. 1.00 in.
Dec 457 3.00 1.22 0.29 0.00
Jan 6.14 3.79 1.43 0.36 0.00
Feb 6.64 3.86 1.43 0.43 0.00
Mar 6.36 371 2.00 0.64 0.07
Apr 493 272 1.36 0.43 0.14
May 3.79 179 0.78 0.21 0.00
Jun 243 1.29 0.79 0.29 0.00
Jul 5.29 3.07 179 0.64 0.21
Aug 5.57 321 1.79 0.57 0.14
Sep 3.43 2.14 114 0.50 0.00
Oct 4.79 272 1.64 0.71 0.21
Nov 2.50 1.79 1.36 0.36 0.07
Win 17.35 10.65 4.08 1.08 0.00
Spg 15.08 8.22 4.14 128 0.21
Sum 13.29 757 4.37 150 0.35
Fal 10.72 6.65 414 157 0.28

Year 56.44 33.09 16.73 5.43 0.84
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Table D-9. Beatty, Daily Frequency of Precipitation for the Middle (1/3) Years. Table
alues Represent Number of Days with Precipitation Depths at or Above Given Threshold.

Table D-10. Beatty, Daily Frequency of Precipitation for the Wettest (1/3) Years.

Table

\ alues Represent Number of Days with Precipitation Depths at or Above Given Threshold.

Dec
Jan
Feb
Mar
Apr
May
Jun

Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

0.01 in.

2.82
4.47
4.06
5.35
3.12
312
1.06
1.29
171
1.82
171
212

11.35
11.59
4.06
5.65

32.65

0.10 in.

153
2.53
2.76
2.88
212
147
0.65
0.76
1.00
1.06
0.82
153

6.82
6.47
241
341

1911

0.25 in.

0.76
129
159
153
1.00
0.88
0.24
0.35
047
0.59
0.59
1.00

3.64
341
1.06
2.18

10.29

0.50 in.

0.29
041
0.71
0.65
0.29
0.29
0.12
0.12
0.29
0.18
0.12
0.18

141
123
0.53
0.48

3.65

1.00 in.

0.00
0.06
0.18
0.12
0.06
0.06
0.06
0.00
0.18
0.12
0.00
0.18

0.24
0.24
0.24
0.30

1.02
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Table D-1l. Las \ egas, Daily Frequency of Precipitation for the Middle (1/3) Years. Table
at or Above Given Threshold.

Values Represent Number of Days with Precipitation Depths

Table D-12. Las Vegas, Daily Frequency of Precipitation for the Wettest (1/3) Years. Table
Values Represent Number of Days with Precipitation Depths at or Above Given Threshold.

Dec
Jan
Feb
Mar
Apr
M ay
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

0.01 in.

3.53
4.33
3.46
2.33
2.60
127
113
3.00
3.20
2.40
1.60
247

11.32
6.20
7.33
6.47

31.32

0.10 in.

1.93
2.93
2.40
1.00
107
0.73
0.60
1.60
167
133
0.60
1.20

7.26
2.80
3.87
313

17.06

0.25 in.

0.80
153
133
0.53
0.47
0.40
0.20
0.87
0.93
0.73
0.40
0.80
3.66
1.40
2.00
193

8.99

0.50 in.

0.33
0.27
0.80
0.33
0.13
0.07
0.07
0.40
0.33
0.33
0.20
0.53

1.40
0.53
0.80
1.06

3.79

1.00 in.

0.00
0.00
0.07
0.00
0.00
0.00
0.00
0.27
0.20
0.13
0.00
0.20

0.07
0.00
0.47
0.33

0.87
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Tabk D-13. Tonopah, Daily Frequency of Precipitation for the Middle (1/3) Years. Table
a ues Represent Number of Days with Precipitation Depths at or Above Given Threshold.

Table D-14. Tonopah, Daily Frequency of Precipitation for the Wettest (1/3) Years. Table
Values Represent Number of Days with Precipitation Depths at or Above Given Threshold.

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

0.01 in.

2.55
4.45
3.55
5.18
3.64
2.64
2.00
4.45
4.64
4.27
191
3.46

10.55
11.46
11.09
9.64

42.74

0.10 in.

145
173
164
2.18
155
145
091
2.27
2.36
2.09
1.36
173

4.82
5.18
554
5.18

20.72

0.25 in.

0.27
0.46
0.82
145
0.64
1.00
0.46
127
118
0.91
0.82
0.64

155
3.09
291
2.37

9.92

0.50 in.

0.09
0.00
0.46
0.18
0.09
0.18
0.18
0.91
0.55
0.46
0.36
0.27

0.55
0.45
164
1.09

3.73

1.00 in.

0.00
0.00
0.18
0.00
0.00
0.00
0.00
0.46
0.09
0.09
0.00
0.18
0.18
0.00
0.55
0.27

1.00



Dec
Jan
leb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
b'al
Year

Dec
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Win
Spg
Sum
Fal

Year

Table D-15. Average Daily Storm Depths (in.) for the Middle (1/3) Years.

Adaven

0.33
0.31
0.32
0.26
0.30
0.24
0.21
0.28
0.32
0.28
0.32
0.40
0.32
0.26
0.29
0.33

0.30

Table D-16. Average Daily Storm Depths (in.) for the Wett est (1/3) Years

Adaven

0.28
0.31
0.33
0.35
031
0.24
0.30
0.25
0.26
0.38
0.41
0.38
0.31
031
0.27
0.39

0.31

Beatty

0.22
0.19
0.31
0.14
0.20
0.14
0.17
0.12
0.13
0.28
0.28
0.20

0.24
0.16
0.13
0.24

0.19

Beatty

0.19
0.20
0.28
0.21
0.20
0.18
0.23
021
0.28
0.26
0.18
0.29

0.23
0.20
0.24
0.25

0.22

Bishop

0.22
0.18
0.23
0.11
0.08
0.10
0.10
0.09
0.09
0.08
0.15
0.30

0.21
0.10
0.09
0.18

0.15

Bishop

0.53
0.44
0.39
0.19
0.23
0.10
0.10
0.08
0.07
0.12
0.08
0.16
0.45
0.19
0.09
0.12

0.26

Caliente

0.16
0.19
0.14
0.17
0.16
0.14
0.12
0.14
0.23
0.33
021
0.24

0.16
0.16
0.18
0.24

0.18

Caliente

0.18
0.18
0.17
0.22
0.18
0.14
0.22
0.25
0.22
0.21
0.25
0.32

0.18
0.19
0.23
0.26

0.21

Haiwee

0.30
0.28
0.29
0.18
0.18
0.19
0.16
0.10
0.21
0.17
0.18
0.38

0.29
0.18
0.15
0.26

0.24

Haiwee

0.42
0.39
0.45
0.35
0.24
0.18
0.17
0.13
0.24
0.24
0.17
0.32
0.42
0.29
0.18
0.26

0.32

Las Vegas

0.19
0.15
0.18
0.16
0.14
0.14
0.12
0.13
0.18
0.20
0.10
0.13

0.17
0.15
0.16
0.14

0.16

Las Vegas

0.18
0.19
0.29
0.18
0.13
0.18
0.15
0.25
0.24
0.22
0.18
0.29

0.22
0.16
0.23
0.24

0.21
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Tonopah

0.09
0.09
0.14
0.09
0.13
0.14
0.17
0.11
0.15
0.15
0.24
0.19

0.11
0.12
0.14
0.19

0.14

Tonopah

0.13
0.10
0.19
0.15
0.13
021
0.15
0.27
0.21
0.18
0.25
0.19

0.14
0.15
0.23
0.20

0.18



Table E-I-

Station

Adaven

Beatty

Bishop

Caliente

Haiwee

Las Vegas

Tonopah

179

Mean Maximum (Max), Mean Minimum (Min), and Average of Max and Min (Avg)
F for the Wettest 1/3, Middle 1/3, and Driest 1/3 Years

Temperatures in

Season

Winter
Spring
Summer
Fall
Annual

Winter
Spring
Summer
Fall
Annual

Winter
Spring
Summer
Fall
Annual

Winter
Spring
Summer
Fall
Annual

Winter
Spring
Summer
Fall
Annual

Winter
Spring
Summer
Fall
Annual

Winter
Spring
Summer
Fall
Annual

Wettest 1/3

Max

43.6
58.6
83.0
65.4
62.7

55.8
69.5
93.5
77.1
74.0

551
70.5
93.3
76.0
73.8

47.0
68.6
91.4
71.5
69.7

53.9
69.5
92.6
74.3
72.7

57.8
78.1
101.2
81.2
79.7

46.4
63.0
87.3
66.7
65.9

in the Period of Record.

Min
20.7
30.8
50.7
36.8
34.8

30.0
39.8
57.5
44.0
42.9

239
36.1
52.9
37.3
37.6

18.9
34.8
53.5
359
359

314
43.3
62.6
47.1
46.1

34.6
50.7
72.0
53.6
52.8

20.9
33.9
53.7
36.9
36.4

Avg

322
44.7
66.8
511
48.8

429
54.7
75.5
60.6
585

39.5
53.3
73.1
56.7
55.7

33.0
51.7
72.4
53.7
52.8

42.6
56.4
77.6
60.7
59.4

46.2
64.4
86.6
67.4
66.2

33.7
48.5
70.5
51.8
51.2

Max

42.6
60.8
85.1
65.5
63.6

52.6
72.2
95.0
75.7
74.0

55.4
72.6
94.8
76.0
74.8

50.1
68.2
92.7
72.9
711

52.8
69.4
925
74.1
72.3

58.8
77.1
101.3
79.7
79.4

43.9
62.3
86.9
66.7
65.1

Middle 1/3
Min
18.8
31.0
51.2
35.7
34.3

279
41.6
59.3
43.6
43.2

22.3
36.9
535
37.8
37.7

19.0
335
52.7
34.7
35.1

295
42.2
62.4
45.8
451

354
511
734
53.7
53.5

18.8
335
53.2
36.6
356

Avg

30.7
45.9
68.1
50.6
48.9

40.2
56.9
77.1
59.6
58.6

38.8
54.8
74.1
56.9
56.2

345
50.8
72.7
53.8
531

41.2
55.8
77.5
59.9
58.7

47.1
64.1
87.4
66.7
66.4

314
47.9
70.1
51.7
50.3

Max

45.2
62.1
84.6
65.8
64.5

59.3
75.0
97.7
78.6
7.7

55.9
71.9
95.0
75.6
74.7

49.7
71.8
93.2
74.2
72.3

524
70.0
922
73.6
72.1

58.9
78.8
102.1
80.8
80.2

47.5
64.6
89.2
67.5
67.3

Driest 1/3
Min
21.0
32.0
51.1
36.4
35.2

29.9
42.1
61.1
44.6
44.5

231
36.1
54.5
36.7
37.7

18.7
341
53.7
35.7
35.6

29.6
43.6
63.9
46.7
46.0

34.6
50.5
73.2
53.0
52.9

21.2
33.6
54.3
35.8
36.3

Avg

331
47.0
67.8
51.1
49.8

44.6
58.6
79.4
61.6
61.1

395
54.0
74.8
56.2
56.2

34.2
52.9
735
54.9
54.0

41.0
56.8
78.0
60.1
59.1

46.7
64.7
87.6
66.9
66.6

34.3
49.1
711
51.7
51.8



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Table E-2. Adaven, Dry-Day and Wet-Day Temperatures in °F for the
Wettest 1/3, Middle 1/3, and Driest 1/3 Years in the Period of Record.

Day

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Max

45.8
39.2

44.2
371

45.0
374

50.1
42.7

60.3
47.1

70.7
58.4

78.6
66.2

87.2
82.9

85.6
81.2

76.7
69.6

67.2
57.4

54.9
44.2

Wettest 1/3
Min
20.7
24.8

19.9
22.6

20.2
20.7

233
250

304
27.8

39.4
34.3

45.6
41.7

53.2
54.4

53.2
53.3

452
48.0

375
371

274
27.3

Avg

33.2
32.0

321
299

32.6
29.0

36.7
339

453
37.4

55.1
46.4

62.1
54.0

70.2
68.6

69.4
67.2

61.0
58.8

52.4
47.2

41.1
35.8

Max

44.3
37.3
41.0
338

44.6
39.6

52.0
41.6

63.4
50.1

71.2
59.6

81.8
67.8

88.8
83.5

85.6
811

78.7
70.7

66.7
57.3

54.4
43.4

Middle 1/3
Min
18.6
20.1

16.0
15.6

195
235

22.8
20.0

317
27.3

38.8
34.4

46.7
40.4

53.9
55.1

51.3
51.6

45.4
47.1

35.6
33.8

26.1
251

Avg

314
28.7

285
24.7

320
31.6

374
30.8

47.6
38.7

55.0
47.0

64.3
54.1

71.3
69.3

68.4
66.4

62.0
58.9

511
45.6

40.2
34.3

Max

46.4
35.2

44.6
36.6

48.1
40.3

54.7
41.0

62.9
52.1

73.2
67.6

822
69.0

88.5
82.6

85.4
834

78.2
72.6

67.6
54.2

53.0
42.5

Driest 1/3
Min
21.6
20.3

18.3
20.3

230
24.1

26.6
220

31.6
30.1

39.8
385

47.6
42.4

54.4
54.4

524
54.6

45.4
49.2

37.2
34.6

26.6
24.5

180

Avg

34.0
27.7

315
284

355
322

40.7
315

47.3
411

56.5
53.0

64.9
55.7

714
68.5

68.9
69.0

61.9
60.9

52.4
44.4

39.8
335



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Table E-3. Beatty, Dry-Day and Wet-Day Temperatures in
Wettest 1/3, Middle 1/3, and Driest 1/3 Years in the Period of Record.

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet
Diy
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Max

56.3
51.3

54.5
48.7

60.0
50.7

61.3
53.0

70.7
61.0

80.8
68.7

89.8
80.3

97.1
92.6

94.4
87.3

87.9
78.4

80.2
71.2

64.6
54.2

Wettest 1/3

Min
28.0
333

28.0
34.2

31.8
36.9

324
356

38.9
41.9

47.3
44.5

54.0
53.3

58.9
65.4

58.6
66.2

534
58.1

44.8
47.4

334
35.7

Avg

421
42.3

41.3
41.4

459
43.8

46.9
44.3

54.8
51.5

64.0
56.6

719
66.8

78.0
79.0

76.5
76.7

70.6
68.3

62.5
59.3

49.0
44.9

Max

54.3
45.0

49.3
40.6

57.1
53.6

65.0
55.7

73.0
61.4

82.5
67.7

92.8
80.4

97.3
91.7

95.7
91.8

89.2
76.7

76.7
62.9

63.8
50.7

Middle 1/3

Min
27.7
30.2

25.7
279

29.3
3.1

354
36.3

40.7
41.5

48.9
46.2

56.4
54.2

61.3
65.2

59.5
65.0

53.2
54.0

43.9
42.2

334
375

Avg

41.0
37.6

37.5
34.2

43.2
44.4

50.2
46.0
56.9
514

65.7
56.9

74.6
67.3

79.3
78.4

77.6
78.4

71.2
65.3

60.3
52.5

48.6
441

°F for the

Max

60.5
51.2

58.2
50.3

60.8
51.8

67.9
55.9

77.1
65.3

81.7
72.7

95.0
88.5

100.8
95.0

97.4
96.7

91.2
87.1

78.5
63.7

67.2
54.8

Driest 1/3

Min
30.3
35.2

289
32.7

30.0
311

345
35.6

43.0
42.8

48.6
52.7

58.2
535

64.6
67.3

60.0
63.7

54.6
62.6

444
47.8

34.6
33.0

181

Avg

454
43.2

43.6
41.6

454
414

51.2
45.7

60.1
54.0
65.1
62.7

76.6
710

82.7
811

78.7
80.2

729
74.9

61.4
55.8

50.9
439



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Table E-4. Bishop, Dry-Day and Wet-Day Temperatures in °F for the
Wettest 1/3, Middle 1/3, and Driest 1/3 Years in the Period of Record.

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Max

55.7
47.4

54.8
45.8
59.1
50.7

62.1
52.6

70.5
57.0

82.3
72.3

89.4
77.3

96.2
93.2

95.8
87.9

87.7
7.7

77.8
69.0

64.7
53.7

Wettest 1/3
Min
224
28.6

21.3
27.2

256
314

28.7
31.8

354
36.1

43.6
45.3

49.7
49.7

54.7
61.0

53.3
61.2

46.3
524

37.2
43.4

27.2
315

Avg

39.0
38.0

381
36.5

42.3
411

454
42.2

53.0
46.6

63.0
58.8

69.5
63.5

75.4
77.1

74.5
74.5

67.0
65.0

57.5
56.2

459
42.6

Max

57.0
481

52.9
42.3

59.4
52.2

66.1
53.9

73.8
59.9

81.8
68.9

91.8
80.4

98.0
95.0

954
88.7

88.4
78.8

76.7
64.3

66.1
52.8

Middle 1/3
Min
21.6
28.1

195
20.5

24.7
30.3

30.6
32.6

36.1
34.5

44.0
425

51.0
50.1

55.6
61.1

52.9
58.3

47.1
49.8

37.0
41.0

28.2
334

Avg

39.3
38.1

36.2
314

421
41.3

484
43.3

55.0
47.2

62.9
55.7

71.4
65.3

76.8
78.1

74.1
735

67.7
64.3

56.8
52.6

47.2
431

Max

54.8
44.2

55.4
45.0

60.3
514

64.7
56.6

725
66.0

80.5
64.9

91.9
85.3

98.6
93.2

95.5
89.6

88.5
79.6

77.0
63.8

63.0
52.2

Driest 1/3
Min
214
23.2

219
250

255
31.2

28.8
30.8

359
385

435
40.3

51.8
52.5

57.0
60.9

54.2
59.1

46.2
49.4

36.7
39.5

26.8
30.9

182

Avg

38.1
33.7

38.6
35.0

429
41.3

46.8
43.7

54.2
52.3

62.0
52.6

71.9
68.9

77.8
77.0

74.8
74.4

67.3
64.5
56.8
51.7

449
415



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Tabk E-5. Caliente, Dry-Day and Wet-Day Temperature in "F for the

Wettest 1/3, Middle 1/3, and Drier 1/3 Years

Day

Dry
Wet

Dry
Wet
Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Max

a47.7
43.0

447
40.0

51.3
46.9

61.6
51.1

70.9
56.9

80.3
68.8

88.9
76.6

95.7
92.3

92.7
88.0

87.2
76.8

727
62.8

61.1
50.0

Wettest 1/3
Min
16.5
26.0

14.7
21.0

209
30.1

27.6
31.3

338
34.0

42.5
42.2

49.2
48.5

55.2
60.7

53.8
60.3

45.5
50.3
344
40.5

250
33.6

Avr

321
34.5

29.7
30,5
36.1
385

44.6
41.2

52.3
454

61.4
55.5

69.0
62.6

75.5
76.5

73.3
74.1

66.3
63.6

53.6
51.6

43.0
41.8

Max

49.8
44.0

48.8
43.3

534
47.2

61.6
51.3

70.7
57.3

79.1
67.2

88.8
75.8

96.2
93.3

94.0
89.3

85.6
76.3

75.7
65.7

59.1
524

Middle 1/3
Min
18.2
25.8

16.1
23.7

20.0
29.0

26.2
29.2

33.8
34.9

40.3
38.3

47.4
48.9

54.4
61.7

54.4
58.2

44.2
521

34.6
42.8

22.8
333

Ave:

34.0
34.9

324
335

36.7
381

43.9
40.3

52.2
46.1

59.7
52.7

68.1
62.4

75.3
775

74.2
73.8

64.9
64.2

55.1
54.2

41.0
42.9

Max

51.2
44.2

46.8
421

54.8
50.1

64.1
55.2

73.6
63.5

80.7
70.4

89.8
81.6

96.4
931

94.1
92.0

86.7
81.6

77.3
61.0

61.3
51.0

the Period of Record

Driest 1/3
Min
18.5
27.4

14.0
21.3

20.2
30.7

255
30.2

335
35.9

41.8
40.3

49.2
49.9

56.2
60.6

54.5
59.2

45.3
52.9

355
38.2

24.3
294

183

Avg

34.9
358

30.4
317

375
404

44.8
42.7

53.6
49.7

61.3
55.3

69.5
65.8

76.3
76.8

74.3
75.6

66.0
67.3

56.4
49.6

42.8
40.2



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Table E-6. Haiwee, Dry-Day and Wet-Day Temperatures in °F for the
Wettest 1/3, Middle 1/3, and Driest 1/3 Years in the Period of Record.

Dry
Wet

Dry
Wet
Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet
Dry
Wet

Dry
Wet

Dry
Wet

Max

54.6
49.5

52.7
49.4

56.9
511

63.0
52.5

69.1
58.0

80.0
71.9

89.9
78.2

94.7
92.2

94.0
87.4

87.0
79.5

75.1
63.2

62.6
54.1

Wettest 1/3

Min
30.6
33.6

29.7
338

324
34.7

37.6
35.0

425
37.3

50.9
48.2

59.6
53.8

64.3
65.3

63.6
65.2

57.7
57.7

47.0
45.0

36.7
36.2

Avg

42.6
415

41.2
41.6

447
42.9

50.3
43.7

55.8
47.7

65.4
60.0

74.7
66.0

79.5
78.7

78.8
76.3

72.4
68.6

61.1
54.1

49.7
451

Max

52.2
49.0

50.8
46.3

57.6
49.7

61.0
53.9

69.8
58.7

79.7
70.0

89.7
75.2

95.5
91.0

92.9
86.6

86.6
76.7

75.1
66.8

61.6
58.3

Middle 1/3

Min
284
315

28.0
31.0

316
32.7

34.2
33.0

42.2
393

50.9
45.0

59.8
51.6

64.9
64.6

62.6
63.0

56.1
57.4

45.8
46.9

351
38.2

Avg

40.3
40.2

394
38.6

44.6
41.2

47.6
434

56.0
49.0
65.3
57.5

74.8
63.4

80.2
77.8

77.8
74.8

714
67.1

60.5
56.9

484
48.3

Max

51.9
44.4

50.2
44.3

56.9
52.1

64.1
57.3

71.0
61.5

76.6
64.6

89.1
77.0

95.8
89.2

92.1
89.5

86.7
82.0

73.6
65.9

61.7
50.6

Driest 1/3

Min
29.5
29.7

27.8
27.6

31.6
33.7

37.3
34.0

445
39.9

50.1
42.0

60.7
53.0

67.3
64.3

63.9
64.3

57.6
60.8

46.5
44.8

36.1
35.0

184

Avg

40.7
37.0

39.0
359

44.3
42.9

50.7
45.7

57.7
50.7

63.3
53.3

74.9
65.0

815
76.7

78.0
76.9

72.1
71.4

60.0
55.4

48.9
42.8



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jui

Aug

Sep

Oct

Nov

Table E-7. Las Vegas, Dry-Day and Wet-Day Temperatures in

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Max

57.8
55.6

55.9
49.5

62.3
56.8

70.9
61.7

77.9
64.3

88.4
73.6

98.2
91.8

105.1
96.6

102.3
94.6

94.8
88.5

82.2
715

68.1
59.2

Wettest 1/3

Min
33.6
41.0

32.7
356

36.4
41.2

43.8
44.6

49.8
46.6

59.1
535

68.2
65.6

75.6
73.0

72.6
715

65.4
68.2

535
54.1

41.6
45.4

Avg

45.7
48.3

44.3
425

49.4
49.0

57.4
53.1

63.9
55.5

73.8
63.5

83.2
78.7

90.3
84.8
87.4
83.1

80.1
78.4

67.8
62.8

54.8
52.3

Max

57.7
51.9

56.4
524

63.6
56.6

68.0
58.9

76.2
61.6

89.2
74.2

98.8
87.0

104.3
98.2

102.4
95.8

94.6
87.4

79.7
71.8

65.9
57.7

Middle 1/3

Min
33.2
39.0

33.0
38.3

39.3
42.4

43.0
421

49.9
45.8

61.0
55.7

69.7
64.4

76.1
74.8

74.6
73.3

66.4
66.8

531
53.9

41.5
431

Avg

45.5
45.4

447
45.4

515
49.5

55.5
50.5

63.1
53.7

75.1
65.0

84.2
75.7

90.2
86.5

88.5
84.5

80.5
771

66.4
62.8

53.7
50.4

°F for the
Wettest 1/3, Middle 1/3, and Driest 1/3 Years in the Period of Record.

57.2
51.0

58.1
56.0

62.6
58.1

70.1
63.1

80.4
67.9

86.9
70.5

99.9
93.2

104.8
99.7

102.3
100.6

94.0
85.0

81.8
70.9

66.9
58.1

Driest 1/3

Min
33.6
385

335
411

36.6
425

42.0
44.3

51.4
47.7

58.6
51.0

69.6
66.2

76.5
74.8

74.2
75.2

64.8
64.7

53.0
51.8

41.0
43.0

185

Avg

45.4
447

45.8
48.5

49.6
50.3

56.0
53.7

65.9
57.8

72.7
60.8

84.8
79.7

90.6
87.3

88.3
87.9

79.4
74.8

67.4
61.3

53.9
50.6



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Table E-8. Tonopah, Dry-Day and Wet-Day Temperatures in

Day

Dry
Wet

Dry
Wet
Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Max

45.4
41.0

45.8
375

51.0
42.2

55.6
45.8

63.4
51.4

74.1
62.6

84.3
77.4

91.5
85.5

88.0
82.5

80.2
724

68.7
57.0

54.6
41.6

Wettest 1/3
Min
19.8
245

18.9
224

232
256

274
29.0

324
31.8

41.7
41.0

50.3
51.2

55.9
59.0

53.8
56.6

47.4
49.6

36.6
37.9

26.5
24.8

Avg

326
32.8

32.3
30.0

371
33.9

415
37.4

479
41.6

57.9
51.8

67.3
64.3

73.7
72.2

70.9
69.5

63.8
61.0

52.7
47.5

40.5
332

Max

44.0
39.0

41.4
358

48.7
41.2

54.9
43.6

62.1
47.4

74.0
63.4

83.3
70.2

90.3
88.2

88.7
84.0

811
74.9

67.8
59.6

535
432

Middle 1/3
Min
17.8
245

14.9
19.8

22.6
259

26.8
27.3

32.3
28.7

41.8
40.9

50.4
48.1

55.3
58.9

535
57.8

46.6
50.7

36.4
395

258
299

Avg

30.9
31.7

281
27.8

35.7
335

40.8
355

47.2
38.0

57.9
52.1

66.8
59.1

72.8
73.6
71.1
70.9

63.9
62.8

52.1
49.5

39.6
36.5

°F for the
Wettest 1/3, Middle 1/3, and Driest 1/3 Years in the Period of Record.

Max

481
39.3

46.5
42.9

49.4
45.4

57.3
48.0

65.2
55.4

74.2
62.1

86.2
72.6

92.0
90.1

90.2
87.0

80.1
70.7

69.0
56.3

55.2
45.3

Driest 1/3
Min
20.4
23.9

194
26.1

225
28.7

26.4
29.7

329
325

41.7
38.6

51.1
46.1

56.1
59.7

55.0
59.5

45.7
45.5

36.4
38.0

250
29.3

186

Avg

34.2
36

33.0
345

35.9
371

41.9
38.9

49.0
44.0

57.9
50.4

68.7
59.3

74.1
749

72.6
73.2

62.9
58.1

52.7
47.2

40.1
37.3



Month

Dec

Jan

Feb

Mar

Apr

M ay

Jun

Jul

Aug

Sep

Nov

Table E-9. Adaven, Differences in Temperatures ( °F) Between Wettest
(1/3) and Middle (1/3) Years, and Wettest (1/3) and Driest (1/3) Years.

Day

Dry

Wet

Dry

Wet

Dry

Wet

Dry

Wet

Dry
Wet

Dry

Wet

Dry

Wet

Dry

Wet

Dry

Wet

Dry

Wet

Dry

Wet

Dry

Wet

Wettest (1/3) - Middle (1/3)

M ax

1.5
1.9

3.2
3.3

0.4

-2.2

-1.9

1.1

-3.1

-3.0

-0.5

-1.2

-2.0

-1.1

0.5
0.1

0.5
0.8

Min
2.1

4.7

3.9
7.0

0.7

-2.8

0.5
5.0

-1.3
0.5

0.6
01

-1.1
1.3

-0.7

-0.7

1.9
1.7

-0.2
0.9

1.9

3.3

1.3
2.2

Avg
1.8

3.3

3.6
5.2

0.6

-2.6

-0.7
3.1

-2.3

-1.3

01

-0.6

2.2
01

-1.1

-0.7

10
0.8

10
01

1.3
1.6

0.9
1.5

187

W ettest (1/3) - Driest (1/3)

M ax

-0.6

4.0

-0.4
0.5

-3.1

-2.9

-4.6
1.7

-2.6

-5.0

-2.5

-9.2

-3.6

-2.8

-1.3
0.3

0.2

-2.2

-1.5

-3.0

-0.4
3.2

1.9
1.7

Min
-0.9

4.5

1.6

2.3

-2.8
-3.4

-3.3
3.0

-1.2

-2.3

-0.4

-4.2

-2.0

-0.7

-1.2
0.0

0.8

-1.3

-0.2
-1.2

0.3
2.5

0.8
2.8

Avg

-0.8
4.3

0.6
1.5

-2.9

-3.2

-4.0
2.4

-2.0

-3.7

-1.4

-6.6

-2.8

-1.7

-1.2
01

0.5

-1.8

-0.9

0.0
2.8

1.3
2.3



Month

Jan

Feb

M ar

Apr

M ay

Jun

Jul

Sep

Nov

Table E-10. Beatty, Differences in Temperatures ( °F) Between Wettest
(1/3) and Middle (1/3) Years, and Wettest (1/3) and Driest (1/3) Years.

Day

Dry

Wet

Dry

Wet

Dry
Wet

Dry
Wet

Dry

Wet

Dry

Wet

Dry

Wet

Dry
Wet

Dry
W et

Dry
Wet

Dry

Wet

Dry

Wet

Wettest (1/3) - Middle (1/3)

M ax

-3.0
01

-0.2
0.9

-1.3

-4.5

-1.3
1.7

3.5
8.3

0.8
3.5

Min
0.3

3.1

2.3
6.3

2.5
1.8

-3.0
-0.7

-1.8
0.4

-1.6

-1.7

-2.4

-0.9

-2.4
0.2

-0.9
1.2

0.2
4.1

0.9
5.2

0.0

-1.8

Avg

1.1
4.7

3.8
7.2

2.7
-0.6

-3.3
-1.7

2.1
0.1

-1.7

-0.3

-2.7

-0.5

Wettest (1/3) - Driest (1/3)

M ax

-4.2
0.1

Min
-2.3

-1.9

-0.9
1.5

1.8
5.8

2.1
0.0

Avg

-1.9
10



Month

Dec

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Nov

Table E-11. Bishop, Differences in Temperatures ( °F) Between Wettest
(1/3) and Middle (1/3) Years, and Wettest (1/3) and Driest (1/3) Years.

Day

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet
Dry
Wet
Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Wettest (1/3) - Middle f1/31

Max

19

3-5

-0.3
-1-5

40
-1-3

-3-3

-2-9

0.5
3-4

-2.4

-3.1

-18

-1-8

0.4

-0.8

-1.1

1.1
4.7

-1.4

0.9

Min
0.8

0.5

1.8
6.7

0.9
i
-1.9

-0.8

-0.7

1.6

-0.4

2.8

-1.3

-0.4

-0.9

-0.1

0.4
2.9

-0.8

2.6

0.2
2.4

-1.0

-1.9

Avg

-0.3
-0.1

1.9
5.1

0.2
-0.2

-3.0

-2.0
-0.6

3.1

-1.9
-1.8

-1.4

-1.0

0.4
1.0

0.7

0.7
3.6

-1.3
-0.5

189

Wettest (1/3) - Driest (1/3)

Max

0.9
3.2

-0.6

0.8

-12
-0.7

-2.6
-4.0

-2.0

-9.0

1.8
7.4

-2.5

-8.0

-2.4
0.0

0.3

-17

-0.8

-1.9

0.8
5.2

1.7
1.5

Min
1.0

5.4

-0.6

2.2

0.1
0.2

-0.1
1.0

-0.5

-2.4

0.1
5.0

-2.1
-2.8

-2.3
0.1

-0.9
2.1

0.1
3.0

0.5
3.9

0.4
0.6

Avg

0.9
4.3

-0.5

1.5

-0.6
-0.2

-1.4
-1.5

-1.2

-5.7

1.0
6.2

-2.4

-5.4

-2.4
0.1

-0.3
0.1

-0.3
0.5

0.7
4.5

1.0
1.1



Month

Jan

Feb

Mar

Apr

M ay

Jun

Jul

Aug

Sep

Table E-12.

1/3 and Mlddle (V3) Years, and Wettest (1/3) and Driest (1/3) Years.

Day

Dry

Wet

Dry

Wet

Dry

Wet

Dry
Wet

Dry
Wet

Dry

Wet

Dry

Wet

Dry

Wet

Dry
Wet

Dry
Wet

Dry

Wet

Dry

Wet

Caliente, Differences in Temperatures ( °F) Between Wettest

Wettest (1/3) . Mmiddle (1/3)

M ax

-2.1
-1.0

-4.1

-3.3

-2.1
-0.3

0.0
-0.2

0.2
-0.4

1.2
1.6

0.1
0.8

-0.5
-1.0

-1.3
-1.3

1.6
0.5

-3.0
-2.9

2.0

-2.4

Min
-1.7

0.2

-1.4

-2.7

0.9
1.1

1.4
2.1

0.0

-0.9

2.2
3.9

1.8

-0.4

0.8
-1.0

-0.6
2.1

1.3

-1.8

-0.2

-2.3

2.2
0.3

Avg

-1.9

-0.4

-2.7
-3.0

-0.6
0.4

0.7
0.9

0.1
-0.7

1.7
2.8

0.9
0.2

0.2
-1.0

-0.9
0.3

1.4
-0.6

-1.5
-2.6

2.0

190

Wettest (1/3) - Driest (1/3)

M ax

-3.5

-0.2
-1.0

Min
-2.0

-1.4

0.7

-0.3

0.7

-0.6

2.1
1.1

0.3

-1.9

0.7
1.9

0.0

-1.4

-1.0
0.1

-0.7
1.1

0.2
-2.6

-1.1
2.3

0.7

4.2

Avg

-2.8

-1.3

-0.7
-1.2

-0.5
-3.2

-0.8
-0.3

-1.0
-1.5

0.3
-3.7

-2.8

2.0

0.2

1.6



Month

Dec

Jan

Feb

Mar

Apr

M ay

Jun

Jul

Aug

Sep

Nov

™ C

Day

Dry

Wet

Dry

Wet

Dry
Wet

Dry

Wet

Dry

Wet

Dry
Wet

Dry

Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry
Wet

Dry

Wet

E H!liWee, Differences “

Temperatures ( "F) Between Wettest
(1/3) and Middle (1/3) Years, and Wettest (1/3) and Driest (1/3) Years.

Wettest (1/3) . Middle (1/3)

Max

2.4

0.5

1.9
3.1

-0.7

1.4

2.0

-1.4

-0.7

-0.7

0.3
1.9

0.2
3.0

-0.8

1.2

1.1
0.8

0.4
2.8

0.0
-3.6

1.0
-4.2

Min
2.2

2.1

1.7
2.8

0.8
2.0

3.4
2.0

0.3

-2.0

0.0
3.2

-0.2

2.2

-0.6

0.7

1.0
2.2

1.6
0.3

1.2

-1.9

1.6
-2.0

Avg

2.3
1.3

1.8
3.0

0.1
1.7

2.7
0.3

-0.2
-1.3

0.1
2.5

-0.1
2.6

-0.7
0.9

1.0
1.5

1.0
1.5

0.6
-2.8

1.3

-3.2

191

W ettest (1/3) - Driest (1/3)

M ax

2.7
5.1

2.5
5.1

0.0
-1.0

-1.1
-4.8

-1.9

-3.5

3.4
7.3

0.8
1.2

-1.1

3.0

1.9
-2.1

0.3
-2.5

1.5
-2.7

0.9
3.5

Min
1.1

3.9

1.9

6.2

0.8
1.0

0.3
1.0

-2.0

-2.6

0.8
6.2

-1.1
0.8

-3.0
1.0

-0.3
0.9

0.1

-3.1

0.5
0.2

0.6
1.2

Avk
1.9
4.5
00
5.7

0.4
0.0

-0.4
-2.0

-1.9

-3.0

2.1
6.7

-0.2

1.0

-2.0

2.0

0.8
-0.6

0.3

-2.8

1.1

-1.3

0.8
2.3



Month

Jan

Feb

Mar

Apr

M ay

Jun

Jul

Aug

Sep

Nov

Day

Dry
Wet

Dry

Wet

Dry
Wet

Dry
W et

Dry
Wet

Dry
Wet

Dry

Wet

Dry
Wet

Dry
Wet

Dry

Wet

Dry

Wet

Dry

Wet

r u,vV7 T DlIfrerences in Temperatures ( "F) Between Wettest
(1/3) and Middle (1/3) Years, and Wettest (1/3) and Driest (1/3) Years.

Wettest (1/3) - Middle (1/3)

Ma*

0.1

3-7

o

-2-9

ml.3

0.8

-1-6

-0.1

-1.2

0.2
11

2.5

-0.3

2-2

1.5

Min

0.4

2.0

-0.3
-2.7

-2.9

-1.2

0.8
2.5

-0.1

0.8

-1.9

-2.2

-1.5

1.2

-0.5

-1.8

-2.0

-1.8

-1.0

1.4

0.4
0.2

0.1
2.3

Aver

0.2
2.9

-0.4
-2.9

-2.1
-0.5

1.9
2.6

0.8
1.8

-1.3
-1.5

-1.0
3.0

0.1

-1.7

-1.1

-1.4

-0.4

1.3

1.4
0.0

1.1

1.9

192

Wettest (1/3) - Driest (1/3)

M ax

0.6
4.6

-2-2
-6.5

-0.3

-1-3

0.8

-1-4

-2.5

-3.6

15
3.1

-1-7
-1.4

0.3
-3.1

0.0
-6.0

0.8
3.5

0.4

0.6

1-2
1-1

Min

0.0

2.5

-0.8
-5.5

-0.2

-1.3

1.8

0.3

-1.6
-1.1

0.5
2.5

-1.4
-0.6

-0.9

-1.8

-1.6

-3.7

0.6
3.5

0.5
2.3

0.6
2.4

Avg

0.3
3.6

-1.5
-6.0

-0.2
-1.3

1.4

-0.6

-2.0
-2.3

1.1
2.7

-1.6
-1.0

-0.3
-2.5

-0.9
-4.8

0.7
3.6

0.4
1.5

0.9
1.7
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E-15; T°"°P ~ Differences in Temperatures ( »F) Between Wettest
( /3) and Middle (1/3) Years, and Wettest (1/3) and Driest (1/3) Years.

Wettest (1/3) - Middle (1/3) Wettest (1/3) - Driest (1/3)

Month Day
M ax Min Avg M ax Min Avg
Dec Dry 1.4 2.0 1.7 2.7 -0.6 -1.6
Wet 2.0 0.0 1.1 1.7 0.6 1.2
Jan Dry 4.4 4.0 4.2 -0.7 -0.5 -0.7
Wet 1.7 2.6 2.2 -5.4 -3.7 4.5
Feb Dry 2.3 0.6 1.4 1.6 0.7 1.2
W et 1.0 -0.3 0.4 -3.2 3.1 -3.2
Mar Dry 0.7 0.6 0.7 1.7 1.0 -0.4
Wet 2.2 1.7 1.9 2.2 -0.7 -1.5
Apr Dry 1.3 0.1 0.7 -1.8 -0.5 1.1
Wet 4.0 3.1 3.6 -4.0 -0.7 2.4
May Dry 0.1 .01 0.0 .01 0.0 0.0
W et -0.8 0.1 -0.3 0.5 2.4 1.4
Jun Dry 10 .01 0.5 -1.9 -0.8 -1.4
W et 7.2 3.1 5.2 4.8 5.1 5.0
Jul Dry 1.2 0.6 0.9 -0.5 -0.2 -0.4
W et 2.7 0.1 -1.4 -4.6 -0.7 2.7
Aug Dry -0.7 0.3 -0.2 2.2 -1.2 1.7
Wet -1.5 -1.2 -1.4 -4.5 -2.9 -3.7
Sep Dry -0.9 0.8 .01 0.1 1.7 0.9
Wet 2.5 1.1 -1.8 1.7 4.1 2.9
Oct Dry 0.9 0.2 0.6 -0.3 0.2 0.0
W et -2.6 -1.6 2.0 0.7 .01 0.3
Nov Dry 1.1 0.7 0.9 -0.6 1.5 0.4

Wet -1.6 -5.1 -3.3 -3.7 -4.5 -4.1



