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ABSTRACT

A climatography of clouds and precipitation was prepared for the Hiplex

Southern Region. Results include the frequency of rain periods, the distri

bution of rainfall amounts during a rain period, the duration of rain periods

and the variation of precipitation based on 7-day running means during the

rainy season. Patterns of clouds and precipitation which characterize the

Hiplex Southern Region and meso-synoptic events responsible for precipitation

are identified. A study of precipitating cloud cells utilizing 15-ininute

recording rain gage data was initiated to provide information on the frequency,

intensity, size, velocity and duration of storms affecting the area.

Key words: Weather Modification, Precipitation, Clouds, Water Resources
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PREFACE

Advances in the science of weather modification have provided an op

portunity for significant progress in the area of precipitation management.

The problem of designing and evaluating cloud-seeding experiments has been

accentuated, however, by a lack of adequate statistical data to define quanti

tatively the natural variability of precipitation in the target and surrounding

areas. The climatography presented here provides a data base for the natural

variability of clouds and precipitation in the Hiplex Southern Region.
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I. INTRODUCTION

The proper design and subsequent evaluation of weather modification ex

periments are dependent ultimately on a knowledge of the natural variation of

precipitation within the experimental or operational area. The purpose of

this study is to provide a quantitative cloud and precipitation climatography

for the Hiplex Southern Region in order to establish a "natural variability"

base upon which a cloud seeding experiment can be designed and evaluated.

The primary objective is to describe as completely and concisely as pos

sible the patterns of clouds and precipitation which characterize the Hiplex

Southern Region and their variability in space and time. The following analyses

and/or tasks were undertaken in order to satisfy this objective:

(1) Derivation of patterns of mean monthly precipitation based upon 30-

years of monthly precipitation data from the cooperative observer network.

(2) Computation of inter-station correlation coefficients based upon the

monthly precipitation data with implications regarding scale and storm track

analysis.

(3) Computation of rainfall statistics based on approximately 55 years

of daily rainfall records at Big Spring, Snyder and Lamesa, Texas. Results

include the frequency of rain periods, the distribution of rainfall amounts

during a rain period, the duration of rain periods and the temporal variation

of precipitation based on 7-day running means from 1911 to 1969.

(4) Identification of meso-synoptic patterns responsible for precipita

tion events.

(5) Analysis of the seasonal and diurnal variation of clouds and weather

events based upon hourly observations at Midland, Lubbock and Abilene.

(6) Initiation of a comprehensive study of precipitating cloud cells

utilizing 15-minute recording rain gage data. These analyses include informa

tion on frequency, intensity, size, velocity and duration of storms affecting

the area.
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II. SEASONAL VARIATION OF PRECIPITATION

The Hiplex region of West Texas, shown in Figure 1, is characterized by

rapid changes in temperature, marked extremes and large temperature ranges

both daily and annually. The average annual rainfall at Big Spring is 17.39

inches, two thirds of which occurs during the six-month period, April through

September. The spring and summer rainfall is made up of a few relatively

large storm systems while September rains reflect the occasional flow of

moist, tropical air into the area from the Gulf of Mexico. The period of

interest in this investigation extends from May to September with particular

emphasis in the late spring and early summer.

Figures 2 and 3 show seven-day running means of daily precipitation totals

for the five-month period May through September at Big Spring and Snyder re

spectively. These curves are based upon 55 years of daily precipitation re

cords at the two stations. Both curves show a maximum in mid-May decreasing

to a minimum in late June. In both cases there are secondary maxima centered

on July 4 and July 22 with a relative minimum on July 14 and during the first

week of August. Precipitation increases from the early-August minimum to a

broad maximum in late August and early September. From the standpoint of op

portunities, the period from mid-May to mid-June is probably the most desirable

time in which to conduct a rainfall augmentation experiment. As will be seen

later, however, the efficiency of natural rain producing mechanisms is quite

high during this period.
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Figure 1. The area of study. Each region is denoted by number
as welL as by a city name.
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III. SPATIAL DISTRIBUTION OF MEAN MONTHLY PRECIPITATION

Figures 4 through 8 show the distribution of mean monthly precipitation

for the months of May through September based upon the 27-year period from

1944 to 1970. Data from more than 70 reporting stations are used in these

analyses. Extending the period of record to include the years after 1970

was undesirable because of the contamination-potential of an operational rain

fall augmentation program which began in 1971 under sponsorship of the

Colorado River Municipal Water District.

It is important to realize that the sequence of meteorological events

leading to precipitation in one season of the year are not the same as those

producing precipitation at other times of the year (Haragan, 1976). Precipi

tation during spring and early summer is usually due to violent convective

activity set off by frontal or upper air disturbances. Once the vertical

motion is provided, precipitation usually results. Summer rains are generally

scattered shower developments which depend mainly on daytime heating, low-

level moisture and an absence of subsidence aloft.

The distribution in May shows a rather uniform decrease in precipita

tion from east to west across the Hiplex area. While Midland receives only

slightly more than 2 inches, Big Spring receives about 2.5 inches and Snyder

receives more than 3 inches. In June, total amounts of precipitation are less,

but the variation across the Hiplex region is about the same as in May except

for a shift to more of a northeast-southwest orientation. The July pattern

is much less organized as indicated by the 2-inch isohyet. This reflects the

scattered nature of precipitation characterizing the summer season. August

is a bit more organized with a broad maximum running from Muleshoe to Seymour

and generally lesser amounts of rainfall than in July. Precipitation increases

in September and once again exhibits a definite east to west gradient.

Further insight into the nature of the spatial distribution of rainfall is

provided by space-autocorrelation analysis. Correlation coefficients utilizing

more than 2600 station-pairs were computed and smoothed to yield the correla

tion-distance curves shown in Figure 9. These curves have been smoothed by averag

ing the correlations over 10-mile distance intervals independent of direction.

Since monthly rainfall totals were used, the coefficients are below those for

individual events but yield information on the average sizes and paths of the

storms. The shape of the curves, showing a rapid decrease of mean correlation
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with distance out to approximately 70 km, results from high precipitation

gradients indicative of local convection. Late fall and winter storms,

characterized by stable air converging toward a center of low pressure or

by frontal waves with a continuous supply of moisture, results in correla

tions which are higher and vary more slowly with distance (Haragan, 1976).

Figures 10 and 11 show the correlations (expressed as percentages) of

all stations in the network with Big Spring for May and June. In May, the

major correlation axis is oriented southwest to northeast suggesting the mean

direction of storm movement. It is interesting and still somewhat curious to

note that the apparent storm track in June has shifted to a northwest-south

east orientation. Coefficients are also smaller in June reflecting the pre

ponderance of local showers with higher precipitation gradients.
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IV. ANALYSIS OF PRECIPITATION DAYS

Results of a North Dakota experiment to increase precipitation by cloud

seeding revealed a greater number of rainfall events during seeding periods

(Schleusener and Miller, 1974). More rainfall and a larger proportion of large

rain events were positively correlated with seeding. With this in mind, a

climatology of daily rainfall events was produced for the Hiplex region.

Tables 1, 2 and 3 summarize the required data for three stations in the vicini

ty; Big Spring, Snyder and Lamesa. Table 1 shows the percent frequency of

various numbers of rainfall periods per month based on the total period of

record at each station. A rainfall period refers to a sequence of days all

having a measurable amount of rain. Thus, the ten-day sequence of rainfall,

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

0 0 .05 .08 0 0 1.06 0 0 0

contains two rainfall periods. In considering the number of rainfall periods

per month, a period extending into the next month counts only for the'month

in which it began. Note that during some months there were no rainfall

periods, whereas during others, more than seven periods were observed. The

rainfall periods tabulated in Table 1 brought widely differing amounts of rain

shown in Table 3. Note that there is considerable variability among the three

stations in the distribution of rainfall events and the amount of rain re

ceived per event. The spatial variation is coupled also with a temporal varia

tion among the five months in the study. It is apparent once again that the

natural variability of rainfall is extremely difficult to evaluate. Table 2

shows the distribution of the duration of rainfall events at Big Spring and

Snyder only. With the exception of September, there is not a significant

difference between the two stations.
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TABLE 1

PERCENT FREQUENCY OF RAINFALL PERIODS

RAINFALL

PERIODS PER

STATION MONTH MAY JUNE JULY AUGUST SEPTEMBER

Big Spring 0 0 3 5 2 8

(1914) ] 2 13 10 ]0 16

2 18 24 16 22 22

3 18 24 27 25 19

4 24 17 31 25 20

5 17 11 3 9 8

6 12 5 5 3 5

7 6 3 3 2 2

>7 3 0 0 2 0

Lamesa 0 2 2 0 3 2

(1910) 1 14 10 13 14 19

2 13 25 21 34 25

3 22 28 27 14 24

l\ 22 14 24 13 14

5 11 16 13 9 LI

6 13 5 1 8 4

7 3 0 1 2 1

>7 0 0 0 3 0

Snyder 0 0 2 5 5 10

(1914) 1 0 13 13 16 8

2 13 16 27 16 22

3 23 27 31 29 25

4 24 18 15 18 21

5 24 10 7 11 11

6 8 10 0 3 3

7 8 2 0 2 0

>7 0 2 2 0 0

TABLE 2

PERCENT FREQUENCY OF DAILY RAINFALL DURATION

DURATION

STATION (DAYS) MAY JUNE JULY AUGUST SEPTEMBER

Big Spring 1 64 69 63 68 49

2 21 20 23 20 31

3 10 6 11 6 11

4 3 3 2 3 7

5 1 2 o 2 1

>5 1 0 1 1 1

Snyder 1 66 73 66 67 63

2 23 19 24 24 2 3

3 6 5 6 4 8

4 3 2 2 2 3

5 1 1 0 2 1

>5 1 0 2 1 2
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TABLE 3

PERCENT FREQUENCY OF RAINFALL PERIODS PER AMOUNT

AMOUNT

PER PERIOD

STATION (INCHES) MAY JUNE JULY AUGUST SEPTEMBER

Big Spring 0.00-0.24 50 48 45 49 45

(1914) 0.25-0.49 17 14 22 12 23

0.50-0.99 16 16 16 23 14

1.00-1.49 8 11 7 5 6

1.50-1.99 4 6 4 4 3

2.00-2.99 5 3 3 3 6

3.00-3.99 0 1 2 3 1

>3.99 0 1 1 1 2

Lamesa 0.00-0.24 45 40 39 40 30

(1910) 0.25-0.49 18 23 20 20 24

0.50-0.99 19 17 20 21 ' 21

1.00-1.49 9 9 9 8 9

1.50-1.99 4 5 4 3 5

2.00-2.99 2 4 4 5 7

3.00-3.99 ] 1 3 2 2

>3.99 2 1 1 1 2

Snyder 0.00-0.24 29 30 39 28 23

(1914) 0.25-0.49 22 22 24 26 21

0.50-0.99 29 24 17 13 25

1.00-1.49 8 12 7 23 18

1.50-1.99 8 6 5 5 6

2.00-2.99 3 6 4 3 2

3.00-3.99 1 0 2 1 3

>3.99 0 0 2 1 2
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V. MESO-SYNOPTIC PATTERNS RESPONSIBLE FOR PRECIPITATION EVENTS

Rainfall events during the months of May through September were studied

for the six-year periods from 1972 through 1977 in order to identify the

mechanism responsible for the onset of precipitation. Four categories were

identified as follows: frontal, dry line, upper-level wave and air mass

convection. A summary of results is shown in Table 4.

Table 4 Meso-Synoptic Patterns Producing Precipitation

Number of Occurrences

Year

1972

1973

1974

1975

1976

1977

Total

Upper level waves were responsible for nearly three-fourths of the

precipitation during this period. Of this number, 68% were westerly waves

and 32% easterly waves. Westerly waves were dominant during May, June and

September with easterly waves dominant during July. August was almost evenly

divided between easterly and westerly disturbances.

Only one case could be attributed to the passage of a dry line, this

occurring on May 22, 1975. Most of the frontal rainfall occurred in August

followed by July, May, September and June in that order. Air mass convection

made a significant contribution only during July and August.

Frontal Dry L:Lne Upper Wave Air Mass

10 0 21 3

9 0 28 3

7 0 19 3

5 1 28 2

4 0 30 0

5 0 23 4

40(19%) 1(<1%) 149(72%) 15(7%)
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VI. SUMMARY OF CLOUDS AND WEATHER EVENTS IN THE HIPLEX REGION

In order to better define the precipitation climatology of the Hiplex

region, a summary of hourly weather events and cloud occurrences over a

ten year period was prepared. These summaries are provided for Midland (MAF),

Lubbock (LBB), and Abilene (ABI) and are given in Appendix A. Occurrences of

the following clouds or weather events have been summarized:

(1) Cumulus Clouds

(2) Cumulonimbus Clouds

(3) Stratocumulus Clouds

(4) Altocumulus Clouds

(5) Altocumulus castellatus Clouds

(6) Cirrus Clouds

(7) Thunderstorms

(8) Rain showers

(9) Rain and drizzle

(10) Fog

Figures in the tables represent the number of occurrences (hourly observations)

of a particular event during the 10-year period.

Figures 12 through 17 present a graphical summary of the seasonal and

diurnal variation of cumulus and cumulonimbus, clouds. Percentage occurrence

is shown as a function of the time of year (month) and the time of day (local

time). As an example, in July and August between 1:00 PM and 3:00 PM cumulus

clouds are reported at Lubbock (Figure 14) about 70% of the time. It is obvious

from Figure 13 that the cumulonimbus maximum occurs much later in the day,

between about 5:00 PM and 7:00 PM. Similar patterns are evident at Midland and

Abilene.

Further insight into the development of cumulus convection is shown by

Figures 18, 19, and 20. These figures show the diurnal distribution of cumulus

and cumulonimbus clouds for Midland, Lubbock and Abilene respectively. The

month of May, June, July and August are illustrated in each case. Note that

there is approximately a four-hour lag time from the cumulus maximum to the

cumulonimbus maximum. If we define a convection efficiency index as the ratio

of cumulonimbus frequency to cumulus frequency and express the index as a per

centage at each of the three stations, the following results are obtained:
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Month Lubbock Midland Abilene

May 70% 72% 66%

June 71% 69% 44%

July 66% 60% 41%

August 56% 50% 25%

The index distribution for Lubbock and Midland is much the same. At Abilene,

however, the index drops off significantly during June, July and August.

Values of mean-monthly precipitable water (expressed in centimeters) are

tabulated for Midland in Appendix B. Computations were made for the 18-year

period from 1954 through 1971. Whereas in most instances the variations from

year to year are small, there are some significant exceptions. Variations of

25-35% are evident between maximum and minimum values at all levels.
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VII. STORM PRECIPITATION ANALYSIS - A CASE STUDY

A meso-scale investigation of storm precipitation is now underway utilizing

rainfall data from the Hiplex recording rain gage network. Spatial resolution

varies from approximately 1.5 km to 12 km (for the 1976 network) and the temporal

resolution is 15 minutes.

Figure 21 illustrates the network rain g?ges and shows the path of a storm

which occurred during the morning of July 3, 1976. Position X is the location

of the storm between 10:45 and 11:00 AM CDT. Subsequent positions are shown

for every 15 minutes until the storm leaves the network at approximately noon

(position 6). Precipitation amounts greater than 3 inches were recorded at some

gages in the path of the storm. Progress of the storm is shown by the isohyetal

patterns for each 15 minute period in Figures 22 through 29. Contours are labeled

in hundredths of inches. Storms were generated on the morning of July 3 by an

upper level westerly wave. The cell which passed through the network developed

rapidly as it moved from northwest to southeast with an average speed of 5 mps

(11 mph). The rainfall intensity increased from a rate of 2.5 inches per hour

between 10:45 and 11:00 AM to about 5 inches per hour during the interval from

11:45 AM to noon. This was probably the time of maximum intensity although it

is not certain since the storm center moved out of the network during the next

15-minute interval. Dimensions of the precipitation area varied. The average

diameter of the rain area was approximately 24 km (15 miles). At the time of

maximum intensity, precipitation was falling over an area of approximately

290 km2 (112 mi2).
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VIII. SUMMARY AND RECOMMENDATIONS FOR FURTHER INVESTIGATION

This investigation has answered the following questions for the Hiplex

Southern region of Texas:

1) When does it rain? (Temporal Distribution)

2) Where does it rain? (Spatial Distribution)

3) Why does it rain? (Meso-Synoptic Patterns)

4) How often does it rain?

5) How much rain occurs during a rainfall period?

6) What is the duration (daily) of rainfall periods?

7) What is the frequency of occurrence of thunderstorms, rain showers,

rain and drizzle and convective clouds?

8) What is the distribution of precipitable water?

9) How can precipitating cells be identified and analyzed utilizing the

15-minute resolution rain gage network?

Further work should focus on the recording rain gage network in order to

produce a rain-cell climatology indicating the size, intensity, frequency and

duration of rainfall events. Additional work should include case studies in

conjunction with the parallel investigations utilizing radar, satellite and

meso-network data.
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appendix a

summary of hourly weather events and

cloud occurrences



o

d

o

w
o

o

c

!2

p4

n
o
M
psj

Pn

w

><
I

c

M

p

-43-

H
pq cnmfnnfnfnvocTicNjHODvDrNHrvcoiNnaitncovorovo
<j Hcss3-aiH<i-'<rfoncsai<-H

P^ «H rH rH rH rH rH
W

S pq
pqpq cNcvicNtNOOiHvD^r^ir^oovor^^cNvDroor^miHOO
H tJ H^h-ONMOaivDN
PL, rH rH rH rH
w

(^
3 OCNJCNOrHrHr^CO^d-COCNCOCO^rrHOrHrHinOCnun-xl-O
S HHHNrcONinvOvOiniONvOH

rH rH rH rH rH rH rH

H
CO

13 pq
C PQ

1

hJ PQ
S PQ
R rJ

PH

H

£2 PQ
^ PQ
»-) r->

fa

H

c^rornc^cnrOLocvjcor^rHor~»vOu-|vx>OrHr^cocncNaNvD
rHCNCMCOvOr-^rHCO<J-0-)CNrHr^O<rrH

HNNMNNNHH

Hfl^HH

(N rH rH rH rH

ONOivDCONODincOvJCOininvJ-COHsfNH
HHH-<r(Tir>»NNOC0^01vDM

H M (N CN H H H

rHcsu-icMcsjoor^coo<T\<rcNio<T>rococr»rHr^
rHCVJCv4Cnr^rOOfnCNOCr>CO<trHvDrHrH

HNCNNCNHHHH

rororocncnvDinmcovX>roorHOOOcOrH-<fvOvDinvDro
rHrHrH<J-^r^OrHCNrHOOt-^rOinrH

HNCSMCNtNNHH

rHrorHOrHinr^cNcor-»vDvcrOrHcNrHcMr^cNuomrH<r<r
rHcsrHcNj<romcr>ocr«o>r^cocororH

iHiHrHCNrHrHrHrH

v£)COvOrHrHrHO-)OCNCOrHvDrHr^-d-<J-U~lLOLncnOrHvDCO
rHCNCNrvJCNjr^CNCOrHrHOCOr^<rrHv£JCvJ

rHrHCNCvJCNrHrHrHrH

nfoncnnvDinNincNcoNro-crocnoinNvrc^Nnfn
HHH'JNHinMXlCOCOvOcncOfOH

iHrHrHrHrHrHrHrH

CMOHOHMOvDNOrnH^NvOCON-JfOHinNvjm
rH Nina\MvOCOCOrvir)HvOM

rH rH rH rH rH rH rH

^i^<fcNLnv^<vovDrHco-<}-ocoLn^o-)Loo<rLncNvor^-vo
HHlTlONlAvONN'd'rtOOinH

rHrHrHrHrHrHrHrH

cn(nMt^rrlMvOvOtNinvOHNCOOfrl'scNCO-4-Mcriroro
NM<ftaOHnMtNOM^rl

>•< pq
'PQ OHNNOHMsTint'lOCOH-JMcncNIO^NCOncMO

i—icoinocsimm<frocriuOrH
rH rH rH rH rH rH

P"4
HCM<,vD«JinNvD»DCOCOOvOHO<fCOCOvOOOiOiri(M

rHrHCSLOCOOCN<t<rrOrHCriVOO-)
rH rH rH rH rH rH

•J
< H
us oHMm<rmvoM»ffiOHNMvrin\OMX)(^oHNfi
O H OOOOOOOOOOrHrHrHrHrHiHrHiHrHrHCNJCvJCNCNI
rJ H



in,

P

§

P

o Q
O

5 w
U Ph

Ph
O

w
u
a
w

r~
I

o

P a
O M
U Pi
O P

p
Ph
O

B
?

o*

1

H

w

-44-

Hinmino\c^NMvo(TicocnvO(riNr^vDvDinHcriN<tH
CM rH rH rH rHiH CNCOCO^mfOCMCNCM

PQ
pqpQ tNCMHrvlNHCNOCOO-Cfrvl-J^fOinODCTifOOOfnO-CO
H rl (NrHrHrHrHrHrHiH rHCNjrO-<rLOLOCnrOcNrH
Ph
M

<1 OvC-srncONHN^^-JNHinvO^XTNOi^vDCMCN^
S M H H H rHrH rHCO<r«cJ-vDvD<J-<]-cncNJ

9
H
CO
P PQ
O PQ

Pu

o-intNOicMiriaicvicgiNMvDincoo-r^vocNHiriMrvcoM
rHiHrH rHrHrHrHiHrHrH HCNirOvJirivDr^vDvO-Cj-cgcS

HKravHcioicNvoNvoincocAfn^oDiorONjcoo^Dvrco
<-cNrHrHrH rH cN<-vDcoo\ocncoin-<rn

lOOfOMMvrvOtNHHWMOMXlHHncONfOfnconcn
CSCvJrHrHrHrHrHrHrHrH rHrHCM-vtr^COCOOrHOvD^rCN

cocNcoooinco^r^cocoir>inrHr^voa\rHcx)<rLnvD<rcocN
HNHHHHNtNHHHHrOfO^tONvONvOionWCM

tJ pq
S pq vc^-NinoH<rm<tocr\MNsrino3o:M\ooMOMO
^ |j iTKrfnnncniNHHH HHN^vor^cooxacocovoin

H

z pq

S3

9

S rJ

Ph

O H
rJ H

Om<fvOCTvCOLOO<rOvOCOcnOOvDvO>d-rHCX3vOiHvOrH
stMNMNMfOCNJHH HC,1^0^0^0NOO^^O<•tn

rH rH rH

CTivDNHCOCOinNCNIvDI^MiriCOOvDOJCONO^HvDvO
mO-lCNCNliHrHiHrHrH rHrHrHCnCO^r^finvOLOLOrOO-)

NNHcoa\N^ix)vovoiricoa)noj(NtNoo<rHO"no
vo-vl-fOcMrHCNirH Hcoin^cocnaic^cor^vD

CO^tO^OvOC^CNr^-rHrHCN^CNJ-d-vOCOo-iOC^CNOin-d-C^
<fM H N H H CM HH-JinNCT\OOOCOvDin

r^HCOMNiniOCf>NMvOvX)MCNvDrN<ffrIOCTiC^O<J,l^
rocncNcgcNCNjcNiHiHiH HHHmn-jminminrocn

HHlN-(NvOCT\aiOmvOCriCO(T>rrlvOrNCOCOinojvONCN|in
<J-COcNCNjrHrHrHiH HCMfO^iOvDr^vOvOin^f

vOMnomcjCT\covooininHinHo\vDnvOsrcoMMX)
COCNJCNjCNCNICNrH rH rHCN4CO<TvDr--COCOr^vJD-<rrn

OrHcNc^<l-LOvDr^cocriOrHcMco<rLnvor--oocriOrHCNjfO
OOOOOOOOOOrHrHrHrHiHrHrHrHiHrHCNCNJCNCN



en

O
P
CJ

CO

p

CJ P
o C
H H

s
Ph
W

H Ph
co

Ph
Ph <
O PJ

^
W 1
CJ o

2 r—:

1 o

5
2
H

c_> Ph
CJ =3

o p

p-
o

C
£-.

o*

s
P-

H

Ph
PJ

§ PQ
P pq
H P
Ph
W
CO

Ph

-45-

<tcNrH<ror--r-«cNcocNr^rn^-cr.cooor^<j-rorH<j-r^r^

cocNrocoocT\OrHcNOOCNvOLn<rr-^or^rHiHcnr>»LO<-
iHCNCvjCNCNrHrOCOCO<r-<r<r0OCvJCNrHCNJrHCNrOCNrHrHrH

cNOcoin<tvovor^ocNvccorH<j-cocNro-j-cocv4rocN<ro
CNCNrHC\JCNJCNO^<rr~>.r--vO-<rrOCNrHrHrHrHCNirOCNCSCvJCN

pQ ^OrHCNCNC^OOinLOr^i^rHCSLOLnLOCNCNCT>r^OOCNiriCT>
<3 HHHHHCMMMCOfOPINHHHHHHfONNH

H
CO

P PQ
O pq Hinincoa.NHHOHcoNfOo\<rvOM^vjomvooj<r
PrJ HHHHHNfOCKnfOcncSH CM -J CN H H H

P

P pq
P PQ
^ P

Ph

w
g PQ
P PQ
h P

>* PQ
< pq
S P

Ph

3
s

p
< w

O rH
P H

rnvDcMcoorncoaiNHONcoNvDfO<fNcsorgroNin
rH HHCNMfO<rcnH H CM N H

C^CN^LnNaiHr^lNOCOHCOC^incMCTiCMCMNNCvlCMCS
HHHMHmnn-JvjrOCMHHH rH rH CM CN CN rH rH

rHcnLO^^CMLOvOrHCnrHr^^C»C^r^COCT>CNa>vDLr)CNO
HHHHHCMiNtNCNrOOlCMCMHH CNrHrHiHrHrH

r^HOJvOrNNCOCOCM-crNCOvOCO^CMinCOCMHOHr^vD
HHHHHM<r^OvO-cfCMH HHM H

cocoHi^HcMcMcocorocnrscovDr^^HH-Nr^-^rcoinin
rHrHCNCNCNv^<f<r<rv£)vDin-^-oncNCNCNCNlCNlCNCSiHrHrH

OOsfhvOCOOOOHMvOHNN'JHOOHHMCIvOOiO*
HHHCMN^<r<f'<r>J-srcncMHH HHCMCMNCMHH

HCO>JiriOH-3-Hr>I^OO<r)'<rcNsfOMM^CO<fHCO
rHrHrHCNJCO-a-mvOr-r-^LOfnCNlrHrHrHrHrHrHrHrHrHrH

cocococoH<rmnm<fH'<rin^o^onocOHcoinH
NNcMNcotn-jinvoNcorN\oiriin<rioinin<frorMNco

OiHcnvOfMHirirNCMCO^tMCOH-a-otNvrcMconorNvD
CMCOCMNn<rin-JvDvOvOvO<-<IiNM(NCMCnncOCM(NM

vococ^voooc^H«jnoaivocncorOHoco»Jowoco«a-
HNMnmmNNMXlin-JNHHHH iHrHiHCNiHrH

OrHCN<0<rLOvOr^COCT\OrHCNcn<J-LOvOr^-COCT»OrHcNCO
OOOOOOOOOOrHiHrHrHrHrHrHrHiHiHCNCVjCNCN



NJ^rONJr-'r--'r-'r-Jr-'r-'r-'l-'r-J|--'0000000000
UWr-,OOCOslOUl£<Wl,Or1O^CDslOMjlt-WNHO

4^Uia>COvJlJiUl^j;-J>-UWJ^UiC^CDvJvOCOUi£-£-W->
MfO^M^^OOvJONHCDhOWNHMi-NjMOIOOJsIO

l-1M
4SJMji04^-^WWJ>>>UiC^'NjONsiCOOOIJiLnUiUiUi
W^OWC0OJ>-MOtOUih0N)4>-(^OC0WMy30NUi^W

WfOWlnUi-CN-tN4^^Ln^UiUiUiC^a\CfisjC>.t-£>4^^U
4^C04^0U)OOOOC^CT.C>vOr-''-nroco->CnOj0004^

MHH
MJisJCOUi.P'JMAJW^UiUivJslvivOOWM^LnUilnOi
VO^OJCJUiHOOiLnOUvOCMOiOM-'HOsJCMoOK)

h-1MMM
4SLnCTiaiUi4SWNWLnONvjNjcoCOON3WNJC^a'CfiCr>Ui
MNJMvOWMOC»vDM4>-rJCOC^M^WOvOC^Mr--,r-JOJ

WWWHUivOUWONChhJaJOJsiOMni-'WHOiWOM^^

OM^COOvjviCM3MnONONONVDOvOHN)4S4>vJCOMONC^
ONODCyi4^^0rOC^OUlNJMCT»C^r-lr-'CON3C^lO^JOr-1^J4>-

HPr-1Hr-1HH
C^I^C>vJONC^UltnCft(>CO^lr-'K>N34>Uiai4SVOCDvlNJCJN
•sia)C^4SNr-1OWUi^J>W-MO(^-t>UiM^OJWOMJiN3

Mr-»
UiCnUivj(HUiUUiUiUiUivjsj\OvOOvOO^lJiCnUiUi4>

h-1HHH
vJMMOSVOOMjiUl^UiUiOvlCOVOr'UUiOCOCOCDslvJ
MHWU300\UlN)COOOWvDVOWMOUiUOMJ>0\tOvJ

h-1Mr-1r-1HHM
OivJOvCO-NlLnco^-UiUivjvOOOMJNln'slHCOMCO'slvl
C^OOOr-'OvOO0JV0L000V0^J4^Ov£>->vOfo^JOO^J

r-»r-»r-1r-1
•l>-^UiaivlChUi4S^UiUiviCO^DOO[OHy30N(T.CnLnCn
^ChON03HN^OWOWOM-lvj(TiCOCOHCOWUUiWWW

r-»Mr-1r-1
^••>ONONvlC^ONONCftCf»NlCOvlvlOOHOCr>Cfil-nJSCn4N

JSJ>->U)0NCriUlUlUlv|vJM03vDC0VDHOUi4>-4>-4SL04>-
v0P^POOC0OnI^0\^0nN3^OU«5s1v1OUH0^

W-C"W->C>ONUlUlLnC>(^ON-vlNjvlvJCOvj£-4>-WWOJW
VOWvDCOCTvvD-t>Ul-sJONvJVOODCOhO[OsJC003tOC^LOWN}

-9^7-

H
H

*j

to>
Wr<

MP«
toH
CdZ

0
O

M
H

-1

2O

es
OO

0
Hr-»q

O

1
Kjen

^>
z
0

13rtiw

-d0
W^1

r*p*J

totr"
M
OP -<OH

O
Q

£n
M

q
CO

s>n
Sjt-1

0

t»O
toq

CO

H

CO

W

t-«H
toM
to2

6

OT



i-3tr*
MhoK)N3Hh"MMMMMMMMOOOOOOOOOOMO
UWHOvOCOvlOM^JSUMHOvOOOvlOM^^WtOHOSO

PHHHPMUJMNMHMtO
OOO4>~C00JCT.0jK3U)J^4^0n«_n4^C>DON:LnOOOOO

Hj

MMt"1S
OOOMMOJMM-OrovOLJ^jLnLnONLO-P-MOOOOOCO|>

to<-<

WUU)WWC^bJVOvOC3N^^^vDNWVOOM>)WWUWM

HN)MN5WNWWWWK3
OM(-0<^rO0NUiK)Oh04>-MC^bs)M^JtOC0-^jOOOOO

M

HJ

(-ij-ij-HhOMMtr*P
OOOMMNJOO-f^UJOLnOvOtOKJ^rNOtnOMOOOtOp

toZ

l_.t-Hj_.h_lf_'MMNJtOMM>
(OtOlOWWOv^OtOUiUiCOIXUlXvJr-'UiCnvOUUWWWto

MOOMOJ-^lLnro-P-«^Jts3-tNhOMW4^N3COJ^OOMOO
Hrf

MMMMMNJMfP
OOOOroOOO-T>vON5i_nvD-JCOvOO->LoOOOON3top

COH
Kj

MMMMNJfOU)>
UWWWOMjONCMTi^^tOUlvOiOMCOHVDWWMtOHCO

MMU)(-0->l-nOJ-P>U)
OOOMNjrON3Ln-~JOJ^JCT»aNM-^COCOCT>NJOMOOO

*J

>
MMhorororoMtr<P

OOMOOMMN3UiCTvUiU)-JMLnMOU5000000WQ
toa

CO

r-3

MMMtoMM>
NJWUWWCftWUONUvOCnCnvOtOVOUvOUUWUWWtO

MMMMMMN3MMN32
OOOMK3K3CT.MON34^vD,~D;ovDM3roOOOOOOO5>

*j
.CO

w
HJ

MMfH
OOOOMN3O<-nN>«-J-^JOU1l_nv£>v0CT>C0OOOOOOWPI

to3j
W

MMMMM>
MhOWWOJONVOvO^CT>v£)O^UiJ>-N3vOCOU)LoNJU)MMCO

M

-£tr

P

9
o

Hj

o

n

a

o§> aw
*!z
MO
zw
O

o
MM,
O

MH
>O
HJO

*i wq
*JM
MP
OCO
O

o
>
CO
r-3
W

q
CO

pO

CO



frequency of occurrence of currus clouds

during io-year period

local MAY JUNE JULY AUGUST SEPTEMBER

time MAF LBB ABI MAF LBB ABI MAF LBB ABI MAF LBB ABI MAF LBB ABI

00 61 71 37 86 66 39 86 64 50 78 72 40 37 38 18

01 55 64 28 76 59 39 88 63 3 3 62 62 34 34 38 21

02 55 66 19 65 63 45 82 52 46 53 57 31 32 34 18

03 47 59 28 65 56 36 74 61 37 54 60 34 30 33 18

04 46 61 31 61 61 54 77 66 50 55 60 34 30 32 21

05 84 90 59 115 92 99 133 92 105 76 89 71 35 29 27

06 125 99 74 152 108 114 187 127 133 156 133 140 64 34 54

07 118 104 68 120 94 96 170 113 105 170 122 118 86 43 63

08 107 102 62 116 85 81 160 109 90 162 105 99 72 44 51

09 113 106 56 116 85 81 164 115 99 164 115 108 74 40 57

10 112 103 65 112 85 87 175 112 102 163 112 105 83 41 57

11 112 99 62 121 84 69 181 106 99 163 115 105 73 49 60

12 122 102 68 119 82 75 179 102 90 163 115 96 82 61 57

13 122 99 65 116 77 75 169 105 84 152 104 9 3 84 61 42

H 125 105 65 114 85 72 161 110 93 134 95 87 78 61 54

L5 127 104 62 115 93 72 156 109 99 145 103 9 9 85 65 60

16 130 98 59 114 91 75 166 109 90 138 120 93 95 71 54

17 145 106 65 139 99 78 173 119 87 150 121 90 106 81 57

18 150 129 78 146 114 93 181 131 102 174 148 90 128 89 66

19 156 134 78 168 122 99 194 158 118 197 163 102 128 96 63

20 146 133 74 190 140 108 203 172 118 191 158 90 73 71 45

21 100 103 53 142 111 78 156 144 90 109 129 62 61 52 33

22 79 90 46 94 84 60 104 116 68 88 106 40 50 51 24

23 73 87 37 80 80 48 96 98 59 77 95 40 41 49 21

!-
CO
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APPENDIX B

Mean-Monthly Precipitable Water

Midland, Texas
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