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ABSTRACT 

The purpose of this stud}' was the determi nation of suitabh' ~~atershcds or combinations 

ofwatcrsheds for precipitation management programs in t he Upper Colorado River Basin in 

general and for t1;o special zones : the San Juan ~·lountains and the Upper Basin of the 

Colorado River . 

The study shows that the introduction of optimal weight factors in the linear combinltion 

of r unoff f rom several basins 1-.•ill reduce significantly the number of years necessary for 

evaluation of the operations . Assuming a uniform 109. increas-e in winter precipitation 

throughout t he Upper Colorado River Basin, the calculations sho1~ that three years of 

operations "''ould be needed i n t he Upper Basin of the Colorado versus six years in the San 

J uan mountai ns . 

vii 



SUITABILITY OF THE UPPER COLORADO RIVER BASIN FOR PRECll' lT1\TlON ~!ANAGEMENT 

by 

Hiroshi Nakamichi *and Hubert J . ~lore J-Seytoux** 

Chapter I 

INTRODUCTION 

l. lvater needs of t he basin . The Col orado River 
system is t he largest in the United States that flows 
mainly t hrough lands having a chronic 1;ater deficiency 
for cultivation of crops [ 1]. Since the 1940 ' s, t he 
basin ' s population has increased rapidly with an accom
panying growth i n demand upon t he r egion ' s ~<.•ater re
sources for irrigation, industrial, and domestic uses 
( 2] . Over the decade from 1951 through 1960, the popu
l ati on of the five states comprisi ng t he Upper Color ado 
Ri.ver Basin has increased by 40 percent, 1~hile over the 
same period the population of the nation as a whole has 
i ncreased only by 20 percent [3] . 

2. Precipitation management program. In an 
eff ort t o reduce the severit;r of t hese demands , an 
atmospheric 1;ater r esource project is currently pur
sued by t he United Stat es Department of the Int erior, 
Bureau of Reclamation, Offi ce of Atmospheric lvater 
Resources . The goal of this project is to induce more 
precipitation f rom the atmosphere by winter cloud seed
ing operations over certain high altitude wat ersheds i n 
the Upper Colorado River Basin. In the past, there 
was some controversy as to whether man could economi 
cally increase precipitation i n 1;orthwhi l e amounts . 
There now exists evidence that this is possible at 
l east in high mountain ar eas ( 4 j . ..~s of February 1969, 
pl ans of the Bureau of Reclamation called f or a concen
trated experimental effort in two pilot areas of t he 
Upper Colorado River Basin, t o start i n t he fall of 
1969 [5] . This study was unuertaken in connection with 
the Bureau ' s overall program i n general and in connec
tion 1vi th t his pilot program i n par t icul ar .*** 

3. Cri t eria of s ui tability . In the experimental 
or large- scale operational stage of the project, a 
site should be se l ect ed . At this point, one needs 
certain criteria in order to select suitab l e basins. 
These criteria should be considered both from a v.•at er 
resource and an evaluation standpoint [6]. The first 
standpoint requires a criterion of suitability for 
opti mal water yield, and the second , a criterion of 
suitability for minimum time eval uation. 

Ideal~y t he criteria shoul d be ob j ective and 
simple . That is , t hey should be derived easily from 
available data rather than from theory . Though various 
aspe cts of research un cloud modifica~ion have been 
conduct ed sucessfully, it is still difficult to deter
mine its quantitative effect. Indeed, one of the 

purposes of t he pilot project is to determine the exact 
magnitude of the increase in precipitation on a large 
areal scale. Following this experiment, it may be 
possib l e to isolate the major factors that determine 
the magnitude of t he increase in precipitation. Once 
precipitation is induced , t he i ncrease i n runoff , (6Q), 
caused by the increase of precipitation, (6P), is esti
mated by a statistical re l ationship between precipita
tion and runoff , (Q = f (P)) , oft en used when forecasti ng 
r unoff: 

6Q ~ (Q+6Q) - Q = f(P+6P) - f(P) (1) 

Marginal criteria are de f ined in order to determine the 
relative suitability of many potential basins for mini
mum time eval uation, even if t he type of statistical 
test and the design of the experiment arc not known [6 ]. 
One such criterion is derived from the "two-sample 
u- t est . " 

The two-sample u- t est is a test of the hypothesis 
that assumes that the mean of a statistical population 
(the values of annual r unoff for a given basin over 
many years) has not changed significant ly even though 
t here were reasons t o suspect i t had . As t he name 
implies, the application of t he test r equires the 
availauility of two samples of data, one sample collec
ted prior to the suspect ed change and one collected 
aft en;ard. If the suspected change is real but small, 
t he records of many years may be necessary to determine 
i t s signi fi cance . If t he change is large and the 
spread of the dis tri bution is narrow , only a few years 
may be required . 

No s t atisti cal test is free of assumptions . The 
t wo-sample u-test assumes that onl y the mean of the 
popul ation may have changed whereas the shape and t he 
spread of t he distribution have not. Assuming a normal 
distribution, the explicit expression (6 ] for the num
ber of years, N, necessar y to guarantee the statistical 
significance of t he observed or expected increase at 
the 95 percent confidence l evel is given_by: 

N 
(1.96) 2 x oQ2· 

(6Q)2 
(2) 

w M. S. Graduate of Colorado St ate University , Civi l Engineering Department, Fort Col l ins, Co l orado, present l y 
with Planning Di vision , Chugoku- Shikoku, Nosei kyota, 9-24 Tenj in-cho, Okayama-shi, Japan . 

** Associate Professor, Civi l Engineering Department, Colorado State University, Fort Collins, Colorado . 
***Since the initiati on of this study the plans of the Bureau were modified. Currentl y (45) only one area 

is considered : the San Juan Mountains r egion . 
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is the standard deviation of runoff, and 

llQ is the increase in runoff. 

One of the purposes of this study is t o det ermine 
the relative sui tability of individual basins 1vi thin 
the Upper Colorado River Basin by calculating the ex
pect ed increase in runoff for each, i . e . , tQ , from 
equation (l) and the number of years needed for evalua
tion, i .e. , N , from equation (2) . 

On the ot her hand, the pilot program involves many 
sub-basins within major ones . In this case it is 
advisable to choose a favorable combina tion'of sub
basins for evaluation. For t his purpose , a new varia
ble, Q*, i s constructed by a linear combination of n 
r unoff variab l es , Qi (i• l, 2 , .. . , n), i.e., 

(3) 

where Qi is the runoff from an individual sub-basin . 

~luch freedom is gained from a combination of runoff 
variab l es from various basins such as (3) compared to 
the use of a single basin runoff. The freedom gained 
is twofold . First , there is freedom gained in the 
process of selection of n basins among many . For 
example , where there arc 15 ways of selecting one basin 
out of 15, there are 3003 ways of selecting five basins 
out of 15 . Second , there i s freedom ga i ned in the 
process of sel ection of the parameters ai once n sub
basins have been chosen . 

l!o~oo•ever, for hydro l ogic reasons, two r estrictions 
were imposed on the choice of the parameters a: 

(a) The mean of Q*, Q*, mus t be equal to the sum 
of the means of the Qi ' ~i' symbolical l y: 

(4) 

and 

(b) The expected increase of Q*, /..Q* , mus t be 
equal to t he sum of the expected increases in Q. , 

1 

oQ1, i . e . , symbolically: 

n 

!' '' i LQi 
i • l 

n 

;; llQi 
i=l 

(5) 

The hydrologic interpretation of ec1uation (4 J is lhat 
the expectation of the random variable Q* is the mean 
of the total runoff for the group of n basins . The 
interpretation of equation (5) is that the expected in
crease of the mean of Q• is that of the total runoff 
for the group of n basins . 

2 

As for a single basin t he number of years , N*, 
needed for evaluation of grouped basins is given by: 

N* 
3 . 84 OQ*2 

(llQ*)2 
(6) 

Another purpose of this study is to develop systemat ic 
methods to obtain the most favorable combinations of 
sub-basins in the pilot areas by determining the a. ' s 

~ 

such that t he number of years, N*, i n equation (6) , is 
kept to a minimum . 

4 . General plan of paper. In Chapter 11, t he 
hydro l ogic characteristics of the Upper Colorado River 
Basin are revie1•ed . In the same chapter, the potential 
for weather modification in this region is al so dis
cussed. Chapter Illtreats the question of definition of 
a criterion of suitability and i ts cal culations . Chap
ter s IV and V discuss the data used in the study , the 
techniques of data processing, and most importantly, 
the r esults. Chapter VI concludes the study . 

5. Select basic terms used in this study . 

(a) \~ater Year 

"\l'ater year" begins October 1 and ends September 
30 of the calendar year. Tho term, "annual," refers to 
water year. In t he text the wor ds "year" and "wat er 
year" are used synonymously. 

(b) Precipitation 

"Precipit ation" refers to rainfall and the· water 
content of snow. IHnter precipitation includes pr ecipi
tation from September 1 through April 30 and spr ing 
precipitation from May 1 through July 31 . Winter pre
cipitation general l y fa lls in the f orm of snow in the 
high mountain watersheds . Precipitation is measured 
in inches . 

(c) Runoff 

"Runoff" refers to the river f l ow measured at a 
gaging station . In thi s s t udy , unit yield is used, i . 
e . , the depth , in inches, of tho cumulat ive volume of 
f l ow during a given period, when volume is spread 
uniformly over the whole watershed. Spring runoff 
includes runoff from April 1 through .July 31. 

(d) Upper Colorado River Basin 

By this expr ession the drainage basin of t he 
Colorado Ri vcr above Lee ' s Ferry i s meant (see Figure 
1) . 

(e) Upper Basin of the Colorado River 

A much smaller drainage basin is meant by this 
expression. The Upper Basin of the Colorado River is 
defined i n this study as t he drainage basin of the maln 
s tem of the Colorado, c l ose to its source, and o f a 
few tributaries . The limits of this basin are shown on 
Figure 6(b) . 



Chapter II 

TilE HYDROLOGIC AND HISTORIC SETTING 

The hydrologic characteristics o·f the Upper 
Colorado River Basin are reviewed . They expl ain in 
part the interest in and the potential for weather 
modification in this area. Certain aspects of the 
precipitation management program in the Upper Colorado 
River Basin are discussed briefly. 

1. The Upper Colorado River Basin. The Upper 
Colorado River Basin (Fig. 1) covers parts of the 
states of Colorado, Wyomi ng, Utah, New Mexico, and 

~. 

EXPL ANAT I ON 

c=:=J ltriQOied L O f\d 

~ lrr~g oted !.and. To Oe FurnrshtO 

Supplemental · Woler 

l:i,D New Land 

-e:::;:::J E:\I'S I•ng Ruervo•r and Lo~es 

® In• t •ol Port•CIPOt '"9 ProJeCis 

0 Other Port<C<I)Oirng Pra,ec rs 

Arizona. It comprises 109,500 square miles above 
Lees Ferry, Arizona, its boundaries extending along 
the continental divide in the east and the nor~h and 
along the divide of the mountain range through Utah in 
the west. The Colorado River, which is the thi rd 
longest river in the United St ates, has a length of 
1,450 miles . I t has its source in the high, snow
capped mountains in northwestern Colorado. It is also 
fed by major tributaries originating in other parts 

~, C. A l l 

)'11(1#()w Ml 

'''" G•nr>~fpr' 

'c.'IICO.a.'' .... ::.::r;===no .... "'' 

Fig. 1. The Upper Colorado River Basin (after Upper Colorado River 
Commission [ 7]) 
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of Colorado; by the Green River ong~na"ting in l~yoming 
and flowing i nto the Colorado River in sout hern Utah; 
by the San Juan River originating in southern Colorado, 
flowing t hrough northern New ~lexica and joining the 
Colorado River in southern Utah . In the northern por
tion of the basin , there are hundreds of peaks of more 
than 13,000 feet in elevation. A highly smoothed topog
raphy of the basin is shown in Fig. 2. 

In high mountain regions, much of t he annual run
off occurs as a result of melting snow. Hence, runoff 
is often characterized by a peak flood season in late 
spring followed by low water flow in summer, fall, and 
winter. This holds true for the Colorado River and its 
tributaries [2] . 

The annual virgin runoff at Lees Ferry, Arizona, 
is noted for its large fluctuation, as shown in Fig. 3. 
Virgin runoff is that runoff which takes place without 
the interference of man. Virgin runoff is reconstruc~ 
from t he actual flow, from da·ta on transmount ain diver
sions, on regulat ion by dams', and from estimat es of 
irrigation diversions and uses. The fluctuation of 
annual virgin runoff ranges from a low of 1.08 inches 
to a high of 4.10 , as measured in the last 51 years [9). 

Percenl of I he 

Area of !he Upper 
Colorado Rtver Basin 

Elev. >II 11-8 8-5 < 5 
onge 

% 3 24 63 10 

7 

7 

2. Precipitation management in the Upper Colorado 
River Basin. The precipitation management project , 
currently planned by the United States Bureau of 
Reclamation, Office of Atmospheric Water Resources, 
concerns winter cloud seeding operations above certain 
high elevation watersheds of the Upper Colorado River 
Basin. The precipitation due to cloud seeding which 
falls as snow in winter, is expected to increase the 
runoff in spring. 

The following characteristics of the Upper 
Colorado River Basin are favorable for weather modifi
cation: 

(a) High mountain ranges in this region are 
favorable for orographic precipitation and in addition, 
the northwest wind brings large supplies of moisture in 
winter [10) . 

(b) Water from snowmelt in early spring through 
early summer can be stored and made available when 
needed for various kinds of use. 

Figures 4 and S illustrate the typical variation 
of precipitation and runoff in this region . The dis
tribution of monthly precipitation is, on the average, 

I 

I 
i 
I 
i ..., -- 7 

Fig. 2 The highl y smoothed topography of the Upper Colorado River Basin 
(in units of 1000's of feet) . (After Rasmussen, .J. L. [ 8)) 
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uniform. However, t he major part of the runoff occurs 
during t he spring and early summer months, 1;hich is due 
primari ly t o sno~-o1ne1 t. 

The design of a moderate scale pi l ot program of 
operational seeding is in progress, serving as a bridge 
between experimental programs and the large-scale opera
tion of the Colorado River Basin [5 ,11). The following 
t wo areas were select ed by the Bureau of ;:eclamation* 
for a pilot program. 

( 1) The San J uan Mountains incl uding drainage 
areas from Lake Fork , Colorado, to t he New Mexico 
border, and 

tnch per 
unal oreo 

(2) The Upper Basi n of the Color ado River including 
drainage from Williams Fork, Colorado, to Troublesome 
Creek , Colorado . 

These regions are shown in Fig. 6. The suitability 
of grouped basins f r om t hese regions for weather modifi
cat ion is discussed in Chapter V, Sect ion 5. 

The next chapter discusses the question of defini
t ion and cal culation of suitability cr iteria. Based on 
these criteria, the overall suitability of the Upper 
Color ado River Basin is assessed in general and for the 
pi l ot areas i n par t icular in Chapt er V, Sect ion 5. 

JJ. Mean 
Cv Coelfocoenl of VOroaloon 

c:::J Sprong Runoff 
c::::l Remo•n•ng Season Runoff 

Fig . 3 Annual and spring r unoff at Leos f-erry, Arizona 

I" l.le011 
CoeffteleM of vo ... mon Cy 

c::J Winter PrtC!I)I!Ob:ln 
c::::J Reml>""'9 S.O.On PreeipitoT>On 
.. --- SIOOO,..d Oev10t10n 

;~ 2 ~ 
I , \.."- • . / 

RZ~i;;:! li:~J:: 221>::: 
..... ~nzco ~ ~ ~~a"l) 

4 

~ •64 p . 

30 

20 

10 

~ 

csu 10 10758400 

<0 
~ 

<II 
N 
0 

U! 

"' "' 

1"•24.80 

I" •1508 

;;; 
!S 

iD 

"' "' 

Cv•21 

Cv•.26 ' 

~ i ;;; 
~ V' 

~ 
"' 

<II 

"' 0 ~ 

1'•29~ 1 
· -cv•.28 

Fig . 4 (a) Annual , winter, and monthly prec1p1tation (in i nches ) for stations 
Vallecito Dam and Cascade . P /P represents the rat io of mean ~oo•inter 
precipitat ion t o mean annual precipitation. 

~ Since the initiation of t his s tudy the plans of t he Bureau were modified. Current l y (45) only one area 
is.considered : t he San Juan Mountai ns region . 
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ll Meon 
Cv Coeffic•ent of Vorrohon 

c:::J W1nter Prec•p•totoon 
c::::J Remcun•ng Seoson Preciptlohon 

Standard Deviation 

4 ~w•.53 
3 

46.9 

CSU ID 10776001 - ?:>lisade Lake 2 

Fig. 4(b) Annual, 1dnter, anJ monthly precipitation (in inches) for stations 
Palisade Lake 2 and Pagosa Springs. P / P represents the ratio of 
mean winter precipitation to mean annuli precipitation. 

!l Mean 
Cv Coeff•c~em of VOnallon 

C::O W1n1er Prec•p•tat•an 
c:::J Remo.r.•ng Season Prec•pitotlon 

Standard Oeviotoans 

Pw 
4 p-• 59 

3 

f 
0 

45.1 

- Trout Lake 

ll• IS 33 
· Cv•.24 

Fig. 4 (c) Annual, winter, and monthly precipitation (in inches) for stat ions 
Trout Lake and Rico . P /P represents the ratio of mean winter 
precipitation to mean a~nual precipitation . 
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J1. Mean 
Cv Coefficient of Variation 

c=J Winter Precipi tation 
c:::::J Remaintng Season Precipitat ion 

------ Standard Deviation 
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CSU ID 13715600 - Ouray 

}1.=20.87 
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fL = 12.03 
Cv=.l9 

~ 
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Fig. 4(u) Annual, winter, and monthly precipitation (in inches) for st ations 
Fraser and Ouray . P /P represents t he ratio of mean winter 
precipitation t o meal\ annual precipitation. 
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Fig . 4(e) 
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Annual , winter, and monthly precipitation (in inches) for s tations 
Grand Lake 1 and Winter Park . P /P represents the ratio of mean 
winter precipitation to mean ann~al precipitation. 
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P. Mean 
Cv Caefhc•ent of Venation 

c:::J Spr~nq Runoff 
c:::J Rema•nmg Season Runoff 
----- Stondatd Devoation 
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Hesperus, Colo . 

iD 
(JI 
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Fig. S(a) Annual , spring , and r.~onthl)' runoff (in inches) for stations FloriJa 
River near Durango, Colo. and La Plata River :~t llcsperus, Colo . 
Q5 /Q represents the ratio of mean sprin~ runoff to mean .mnual r unoff . 

f.L Mean 
Cv Coeff1cient of Var ia ! ton 

c::J Sprong Runoff 
c:::J Rema•ning Season Runoff 
----- Standard Deviation 
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U'5 
()I 
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30 CSU 10 1073436 - .nir.~as River at Durango , Col o . 

Fig . S(b) Annual , spring , and monthly runoff (in inches) for stations llerrnosa 
Creek ncar llermosa Park, Colo. and Animas River at Durango, Colo. 
Q5/Q represents the ratio of mean spring r unoff to mean annual runoff . 
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Fig . S(c) Annual, spr i ng, and monthly r unoff (in inches ) for s tations Piedra 
River near (at) Piedra , Co lo. and Los Pinos (Pine) River near Bayf ie l d , 
Col o . Q5 /Q represents the ratio of mean spring runof f to mean annual 
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Colo . Q5 /Q represents the r atio of mean spring runoff to mean annual 
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Fig. S(g) Annual, spring, and monthly runoff (in inches) for stations Williams 
Fork (River) near Leal, Colo . and San ~!iguel River near (at) 
Placerville, Colo. GsiG represents the ratio of mean spring runoff 
to mean annual runoff. 
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Fig. S(h) Annua l , spring , and monthly runoff (in inches) for stations Ranch 
Creek near Tabernash, Colo. and Meadow Creek near Tabernash, Colo . 
GsiG represents the ratio of mean spring runoff to mean annual runoff. 
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Fig . 6(a) General configuration of and location of gages within the Colorado 
River Basin Pilot Projcc1: area (San Juan Mountains region). 
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Fig. 6(b ) General configuration of the Upper Basin of the Colorado River. 
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Chapter III 

SUITABILITY OF BASINS FOR PRECIPITATION MANAGEMENT 

1. Criteria of suitabil i ty of basins for precipi
tation management. \l'hether it be an experimental or a 
large-scale operation, the proper selection of basins 
for weather modification is important. Simply put, the 
question to be answered is: What makes one basin mor e 
suitable than another for a precipitation management 
operation (6)? 

From a water r esource point of view, the largest 
amount of runoff that can be brought about by cl oud 
seeding is one of the criteria of suitability. But at 
the present time, cloud seeding is in the preliminary 
stages, and its success sti ll has t o be meas ured and 
discussed. One needs another cr i t erion for evaluation. 
The smal lest number of years needed for significance at 
a given level and power is the crit erion from the 
evaluation standpoint. 

Both of t he criteria above are not necessarily the 
same and, of course, they are not absolute. In addi
tion, meteorologic and economic conditions must be con
sidered . However, these criteria are beyond the ob
jective of this study, which is confined to hydrologic 
suit ability. 

2. Suitability of basins for opt i mal water yield. 

a . Increase of precipitation by cloud seeding. 
Cloud seeding operations have been carried out on the 
following assumptions (12): 

(1) That some cloud systems precipitate 
inefficiently or not at all because of a deficiency of 
ice crystals in their super- cooled regions; 

(2) That by seeding these cl ouds ~oo•ith silver 
iodide to increase the concentration of ice crystaLs , 
it might be possible to produce a detectable increase i n 
precipitation or, alternatively, change its distribu
tion or character; 

(3) That nuclei leaving a ground generator 
and carr ied up by convect ion and turbulent diffusion 
will provide the proper concent ration of ice crystals, 
at least somewhere in the supercooled parts of the 
cloud system; 

(4) That the silver iodide nuclei will retain 
their ice nucleating abi l ity during their travel from 
the generator to the supercool ed regions of the cloud . 

Because cloud physics and physical meteorology in 
general have recei ved vigorous i mpetus only during the 
past decade principally from interest in cl oud seeding , 
it is s t i ll difficult to predict the extent of man
made pr ecipitation in the future. But it seems to be 
the consensus of opinion t hat present technology is 
not suffici entl y developed to induce an additional 
amount of pr ecipitation above a small percentage (10-
20 percent) that occurs natur ally . 

At present it is a somewhat accepted op1n1on that 
the increase of precipitation by cloud seeding is pro
portional to the natural precipitat ion , i . e . , 

( 7) 
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where 

6Pw is the expected increase of winter precipi

tation by cloud seeding, 

Pw is the natural winter precipitation, and 

k is the ratio of i ncrease of precipitation to 

the natural value or relative increase . 

In equati on (7) the average value of k might be 
determined physically, for various meteorological and 
geographical conditions . 

b. Relationship between runoff and precipitation. 
In order to implement a plan for the best use of the 
t otal manageable water supply, it is necessary to 
understand the relat ionship between climat e , water 
losses, and water yield from watersheds . For t~is pur 
pose, various methods have been developed indirectly or 
from data at hand, which are classified in the follow
ing two categories: 

(l) Prediction equation for specific yiel d 
(13-16] and 

(2) Runoff forecasting analysis [17-24) . 

The first approach is to relate the specific yield 
with climatologic and/or basin characteristics known to 
influence precipitation amounts , as well as their dis
position . However, most available climatologic and 
basin data are only indices of the combined effects 
of several physical factors. Hence, the more complex 
statistical approaches have been appl ied . General 
effects of climatologic and basin characteristics are 
more clearly defined on an annual basis than for shor ter 
periods. 

The second approach is to find a solution to the 
water-budget equa.tion which serves for water supply 
forecasting . This appr oach is based largel y on the 
existence of a time lag between winter precipitation 
stored as snow pack and spring runoff and on the greater 
effectiveness of the winter precipitation in producing 
runoff as compared to that which occurs during the 
sununer. 

The atmospheric water resource project in the 
Upper Colorado River Basin aims to i ncrease wint er 
precipitation as snow, which is fol lowed by an increase 
of runoff in the spr i ng. lienee , the second approach 
is helpful i n finding the relationship between spring 
runoff and winter precipitation and in estimating t he 
increase of runoff . 

c. Increase of runoff. The effect of cloud seed
ing is measur ed by the increase of usable runoff. It 
is assumed that runoff (Q) is a func tion of a repre
sent ative precipitation (P) . Then, in the general form, 

Q • f(P) (8) 

But is is hard to find an integrated precipitation that 
repr esents the whole basin. Suppose that the 



precipitation data P. ' s corresponding to Q are 
J 

collected, as many as possible, in the basin in question 
Equation (8) i s then modified as 

(9) 

In the case of precipitation management in the 
Upper Colorado River Basin , it is t he spring runoff, 
(Q ) , caused mainly by winter precipitation, (P .) , 

S WJ 
and partially by spring precipitation, (P .), which is 

SJ 
of concern. The relationship is represented more pre
cisely ·by the following equation: 

(10) 

~lultiple linear regression analysis is applied to 
find the approximat e relationship. Finally, 

where the a, b . , c . are coefficients determined from 
J J 

available data. 

Then, the increase of spring runoff , (6Qs), caused 

by the increase of winter precipitation, (t>Pw)' is 
given by 

(12) 

Substituting equation (7) into (12), and averaging 

From a water resource point of view, the greater 
t he &Q

5 
calculated f rom equation (13), the more suita

ble the basin. 

3. Suitabil i t y of basins for evaluation . 

a. Two- sample u-test . One of the goals of the 
precipitat ion management program has been the rigorous 
establishment of the statistical significance of its 
attainment . For this purpose, various methods of 
eval uation wer e devised . Indeed, a gr eat deal is al
ready known about methods of evaluation of attainment 
[6] . 

Of course, the criteria of suitability of basins 
for evaluation depend upon the choice of the variabl e 
select ed to test t he hypothesis or t he type of statis
tical test and upon the design of the experiments. 

Assumi ng that t he end result of seeding is to in
crease the natural mean, but that everything else stays 
the same, t he criteria are derived fro-m the t wo- sample 
u-test [6 ] in the following way. The t wo- sample u- test 
is a test of the hypothesis that assumes that the popu
lation mean is equal t o a given value while t he 
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population standard deviation is known and stationary 
[25]. The statistic used in testing this hypothesis 
is 

u = x- lJ 

o/l!i 
(14) 

where x is the sample mean , 

~ is the population mean, 

o is the standard deviation, and 

n is the sampl e size 

with the critical r egion I u I > l. 96 if the 5 percent 
significance level is used . The significance of the 
increase in spring runoff is achieved if the observed 
statistic u, in equation (15), is greater than 1. 96 
at the 95 percent confidence level, i.e., 

~ 1.96 (15) 

where l>Qs is the expected increase i n sp.r i ng r unoff, 

N is the number of years necessary to estab

lish the significance of the increase 

with a SO% power, and 

is the standard deviation of the natural 

spring runoff. 

b. A criterion to determine the relative suita
bility of an individual basin. The number of years, 
N, necessary for evaluati on is derived from equation 
(IS) 

N = 
3 . 84 CJ 2 

Qs 
(16) 

A low value of N in equation (16) provides a 
criterion to determine the relative suitabili ty of 
many potential basins. 

c. A criterion to determine the suitability of 
grouped basins . In the major basins there are sets of 
gaged sub- basins that are not, i n part or in ful l, a 
tributary of any other member sub-basin of the set . 
Suppose that in a major basin there exist m such sub
basins . The spring runoff for each of these individual 
sub-basins is denoted Q

5
i (i=l,2, . . . m). Now suppose one 

wants to choose n of the m sub-basins for a pilot 
program (n < m). Constr uct a linear combination of 
Qsi's, i.e., 

(17) 

The variance of Q* s is given by 

n n 
2 l: !: a .. a . a. OQ* 

i=l j=l lJ l J s 
(18) 

where 



a .. 
l.J 

for i =j 

( 19) 

otherwise . 

The increase of spr ing runoff from grouped basins, 
6Q;, is given by 

where 6Qsi(i=l,2, ... ,n) represents the increase in 

spring runoff from an individual basin. Now impose 
t he restr iction that 

n 
l: a.Q. = 

l Sl. i=l 
(21) 

where Q; is the mean of the Q; values and Qsi is 

the mean of the Qsi values. Also impose the restric

tion t hat 6Q; is equal to the s um of t he t.Qsi values , 
i.e. , 

n n 
6Q* • l: (l 6Q • l: 6Q . 

s i=l i si i =l sJ. 
(22) 

Finally the number of years, N*, for evaluation of 
grouped basins is given by the following expression : 

n n 
3. 84oQ* 3.84 l: I: a .. a .a . 

i=l j • l l.J l. J n n 
N* . s r !: « a .. a.a. 

(6Q*)2 (6Q*)2 i=l j=l l.J 1 J 
s s 

(23) 

The ai' s t hat make the objective funct i on F(a1,a2 , .. , aJ 

in equation (24) minimum give the minimum value for N* 
in equation (23). 

By taking the partial derivative of F(o
1
,o2, . . an, 

A1,A2) with respect to t he ai ' s, A1, and A2 and set ting 

each derivative equal to zero, one obtains the system 
of equations: 

n 
• 2 ! 

1=1 
a a -kl l 

fork= 1,2, .. ,n 

. -

or in matrix notation 

0 

0 

0 

where the a. and a. are as yet arbitrar y but sub- 2a21 
l J 

2aln - Qsl - llQsl 0 1 

232n Qs2 t.Qs2 a2 0 

ject to the constraints expressed by equations {21) and 
(22). Choose the ai's such that the number of year s , 

N*, is kept to a minimum value. Setting 

n n 
I 1 

i:l j =l 

a new function is defined 

a .. o o 
lJ l. J 

(24) 
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2anl 2an2 2a - Qsn -

·:'] 
a 0 nn n n 

Qsl Qs2 Qsn 0 ).1 {. L Qsi) 
1=1 
n-

llQs l 6Qs2 t!Qsn 0 A2 ( L 6Qsi) 
l=l 

(25) 

The system of equation (25) is linear and its resolution 
for the unknown ai's is obtained by the Gaussian 

elimination procedure . Thus a procedure is described 
that object ively sel ects the optimal group of basins of 
a given size among a larger set. The procedure also 
determined the optimal parameters of t he combination of 
runoff variabl es for minimum time evaluation. 

It remains to apply t his technique in pract ice to 
t he Upper Colorado River Basin. Before doing so , 
Chapter IV describes the data used in the analysis. 



Chapter IV 

DATA USED FOR THIS STUDY 

The data used in this study are winter and spring 
precipitation and spring runoff. They have to be col 
l ect ed in a certain order and have to sat isfy specific 
criteria. These conditions are discussed in this chap
ter. 

1. Precipitation and runoff in the Upper Colorado 
Basin . 

a. Precipitation records . According to the 
United States l~cather Bureau's "Substation History" 
(26- 30) , about 400 s tations are found in the Upper 
Colorado River Basin, including stations with records 
of storage gage and stations not now in operation. For 
312 of these stations, monthly precipitation data were 
collected from the following sources and recorded on 
magnetic tapes. 

(1) The United States Weather Bureau, 
"Climatol ogical Data" [31,35) 

(2) The United States Weather Bureau, 
"Climatic Summary of the United States" 
[36-37] 

(3) The United States Weather Bureau, 
"Climatography of the United States" 
[38] 

(4) The United States \~eather Bureau, "Monthly 
Weather Review" [39] 

(S) The United States Department of Agricul
ture, "Report of the Chief of \~eather 
Bureau" [40] 

The characteristics of the precipitation stations arc 
tabulated in Appendix A. 

b . Runoff records . As a part of Col orado State 
University hydrology data system, mont hly runoff rec
ords have been col l ected and recorded on magnetic 
tapes (6,9]. l~e source of the data is the United 
States Geological Survey, "Water Supply Papers" [41] . 
~e total number of stations from which data wore col
lected is 749 . 

c. Hydrologic data system. There is no relation
ship between the numbering system of runoff stations of 
the United States Geol ogical Survey and t hat of precipi
tation s tations of the United States Weather Bureau. 
For fast data processing and particularly for case of 
correlation bet,.·een precipitation and runoff, it is 
desirable to have identical or almost identical identi
fication numbers for neighboring precipitation and run
off st ations for the entire Upper Colorado River Basin. 
The ·Colorado State University numbering system was 
developed for this purpose: 

17 

(l) Runoff stations are coded with seven 
digit numbcrs.Runoff stations within the same drainage 
have an intermediate number between two limiting num
bers that charact erize the downstream and upstrc~1 
reach of the drainage area [6). 

(2) Precipitation stations are coded with 
eight digit numbers~ ~e first seven digits are 
identical to the Colorado State University identifica
tion number of the nearest downstream runoff s'tation. 
However, in some areas 'there may be several precipi ta
tion gages close to a single runoff station. The 
eighth digit in the station number makes it possibl e to 
distinguish between the gages in this situation. The 
precipitation s tation closest to the associated runoff 
station is assigned a zero for its eighth digit. The 
precipitation station next in proximity is assigned one 
for its eight digit, and so forth . 

2. The accuracy of data measurements. lt is well 
known that the observed precipitati on does not neces
sarily represent t he true amount of water that falls 
over a station or over the surrounding area 14 ~ ). IIOI\'-
ever, the precipitat ion data that correlate hjghly 
with runoff data are still useful indices in this study. 

3. ~on-homogeneity and inconsistency of records. 
Non-homogeneity and inconsistency of precipitation data 
are introduced '-'hen there is a change in location, ex
posure, or instrument . Substation llistory [2tl-30] 
and Climatological Data [31-35], both published by tile 
Weather Bureau, show horizontal movement and elevation 
change. However, the environment and local orography 
cannot be shown. 

~lost of the drainage area in the Upper Co lorado 
River Basin has been subjected to transmountain diver
sion, transbasin diversion, interbasin diversion, 
r egulation by reservoir, and irrigation diversion that 
causes a non-homogcnei ty in the r unoff data. The infor
mation about the first four cases is given in the l~ater 
Supply Papers (41 ] and is used for correction of runoff 
data on the monthly level [9]. As to irrigation diver
sion, there is no available record. Furthermore, it is 
very difficult to estimate seasonable consumptive use 
and return rate to river. In the high mountain regions, 
t he irrigation allotment is small in amount and is 
diverted mainly in summer. Correction for irrigation 
diversion is not done for this reason . 

4 . Filling missing data . It is necessary to es
tablish a reliable connection between stations having 
incomplete records and those that are complete. This 
is done by estimating the missing data from nearby 
stations with records covering the missing months and 
having a sufficiently long record which coincides with 
t hat of the station with incomplete records. In t his 
study , a simple linear regression method is applied for 
t his purpose. 



Chapter V 

DATA PROCESSING AND RESULTS 

The techniques described in Chapter III ar e applied 
by using the data discussed in Chapter IV. The goal of 
this chapter is to determine the relative suitabili t y 
of individual basins within the Upper Colorado River 
Basin and to select the favorable combinations of sub
basins in the two pilot areas. 

1. Mean winter precipitation and mean spring 
runoff. 

a. Seasonal and yearly variability of precipita
tion . The mean and standard deviations of monthly pre
cipitation are computed for 10 stations in the pilot 
area and are plotted on Fig. 4. The annual and winter 
precipitation time series are also shown in the same 
figures. The distribution of monthly precipitation is 
roughly uniform, on the average, though there are peaks 
in Jul y and August and a low in June. The coefficients 
of variation of monthly precipitation are very large 
though those of annual precipitation are relatively 
small . The ratios of winter to annual precipitation 
are around 0.6. 

b . Seasonal and annual variability of runoff . 
The mean and standard deviations of monthl y runoff 
were computed for 18 stations in the pilot areas and 
are plotted on Fig. 5. The annual and spring runoff 
time series are also shown in the same figures. These 
figures illustrate the typical behavior of stations 
located at a high altitude. An outstanding rise during 
April through June, a decline in July and August , and 
steady flow in fall and winter are common to all the 
waters heds. 

Precipitation appears as snow during October 
through April. During this season, the watersheds are 
cover·ed with snow and the streams are froien. As the 
weather warms up in the spring, the snow pack on the 
high mountains begins to melt and pours into the 
streams along with the runoff from spring precipita
tion. The precipitation that 'falls dur.ing the summer 
season is stored in the soil, but strong evapotrans
piration takes place and summer precipitation does not 
contribute to runoff to a great extent . This is why 
runoff displays an extreme seasonal variability com
pared to the nearly uniform distribution of seasonal 
precipitation. For this reason, the coefficients of 
variations of both annual and spring ·runoff are high 
for all the stations. 

c. Mean winter precipitation. As far as preclpl
tation management in the Upper Colorado River Basin is 
concerned, mostly the winter precipitation is signifi
cant in the application of artificial techniques. As 
discussed -in Section 2 of Chapter III the increase of 
precipitation is roughly proportional to the natural 
precipitation. The establishment of zones of equal 
winter precipitation was attempted over the Upper 
Colorado River Basin. Though it is desirable to obtain 
recording years common to all the stations, all those 
having records of five years or more were used. 
Figure 7 shows isohyets of 5, 7.5 and 10 inches(very 
rough and uncorrected for topography). 

The names of the watersheds that have a great 
amount of winter precipitation follow in order: 

(1) San Juan Mountains 
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(2) Upper basin of the Colorado River 

(3) Upper reach of the Yampa River and its 
t ributaries 

(4) Headwaters of the Rafael River 

(5) Upper basins of Uinta River, Lake Fork, 
and Rock Creek . 

d. Mean spring runoff. The increase of precipi
tation in winter appears as spring runoff. The spring 
runoff might be a rough indicator for optimal water 
yield. 

Lines of equal spring runoff were drawn and are 
depicted in Fig. 8. The streams having a great amount 
of spring runoff, of course, correspond to the water
sheds with a large amount of winter precipitation. 

2. Relation between precipitation and runoff. 

a. Stepwise multiple regression . To determine 
the coefficients a, bi , and ci in equation (11), step-

wise multiple regression was used. Its chief advantage 
is to produce an equation that uses only a small number 
of prediction variables and that has a comparatively 
high coefficient of determination [43). 

b. Correlation between winter and spring precipi
tation. For all precipitation stations in the pilot 
areas-the correlation coefficient between winter and 
spring precipitation was calculated. Table 1 shows no 
correlation. 

TABLE l CORRELATION COEFFICIENT , (r), BETWEEN 
WINTER AND SPRING PRECIPITATION 

csu 10 r 

10734360 .04 
10734560 .12 
10734641 . 17 
10774000 . 30 
10778600 . 01 
12724450 -.04 
)2724602 -.32 
13715600 .58 
18036000 - . 24 
18054000 -. 06 
18500000 . 26 
19500000 .24 

c. Watershed without precipitation station data 
available . Though it woul d be of interest to study 
the watersheds in the high altitudes , generally there 
are few , if any, stations there. In this case data 
from one of the precipitation stations nearby were used 
to compute the coefficients in equation (11). As long 
as a good correlation exists , a sufficient forecasting 
equation can be found . 

d. Computation and results. Computation was done 
for all possible sets of precipitation and runoff having 
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a common recording length . Three hundred and sixty
five sets of these with greater than 0.90 correlation 
coefficient ~;•ere used for the calculation of the in
crease in runoff and of the number of years needed for 
evaluation (see Appendi x B). 

3. Increase of runoff. At the present stage, it 
i s impossible to assign scientifically a reasonable 
value to the relative i ncrease in precipitation, ki' 

in equation (7), for each station . A uniform 10 per
cent increase of lvinter precipitation over its natural 
value is assumed for further computati on. Then the 
increase of spring runoff induced by an increase of 
winter precipitation is, on the average, found from 
equation (13) in Section 2 of Chapter III . 

Here the Pwi 1vere cal culated, not f or the common 

recording length, 1~hich was used to fi nd the reg r es 
sion line, but for the whol e recording length of each 
station (see Appendix B) . 

TI1e computed value of ~Q for every station is 
s 

plotted on Fig. 9 and rough contour lines of equal in
crease of spring runoff are shown there. 

The names of the watersheds where the greatest 
increase in runoff is expected follow: 

(1) San Juan 1-'lountains, 

(2) Upper reach of the Yampa River and its 
tributaries, 

(3) Headwaters of the Green River, 

(4) Upper basin of the Colorado River, 

(5) Upper basins of Uinta River, Lake Fork, 
and Rock Creek, and 

(6) Head1~aters of the Rafael River basin. 

These watersheds also have a large amount of 
natural precipitation a:nd natural spring runoff. 

4. Number of years needed for evaluation . Using 
AQ calculated in the previous section, the number of s 
years needed for evaluation was computed f or each sta
tion by equation (16) in Section 3 of Chapter Ill . 

The results are shown in Appendi x B and on Fi g. 10 . 
The occurrence of aberrant values made it difficult to 
draw more precise contour lines . This is caused mainly 
by the f act that the common recording length was not 
used, and the variability of the data affects the value 
of N to the second power, compared to the case of 
~Qs i n equation (13) . 

In general , the value of N are small er i n the 
high mountain watersheds where the large increase of 
spring rw1off is expected. liowever, when the size of 
the watershed becomes quite small the trend sometimes 
reverses . This seems to occur to the watersheds con
sisting of sub-basins with different hydrological 
features and with a smaller variance. The names of the 
watersheds where the smaller number of years can be 
expected follow: 

(1) Upper reach of the Yampa River and its 
tributaries, 

(2) Headwaters of the Green River, 

(3) Upper basin of the Colorado River, 
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(4) Upper basins of Uinta River, Lake Fork, and 
Rock Creek, a11d 

(5) San J uan Mountains. 

5. Optimi zed select ion of basins in the pi l ot area. 

(a) Runoff stations in the pilot area . Out of 53 
stations in the San J uan Mountains and 49 stations in 
the upper basin of the Colorado River, 15 and 14 sta
tions, respectively, were selected for the study . They 
gage representative sub-basins and have relatively long 
records. The locations of the stations and thei1· char
acteristics are found in Table 2, and on Figs . 6 and 
11 . The covariance matrix 1~as computed and is sh01m in 
Table 3. 

(b) Optimized se l ection of basins. As dis cussed 
in Section 3 of Chapter I ll an attempt was made to find 
a combination of numbers of sub-basins giving the mini
mum number of years for evaluation. This was acc-om
plished by solving equation (19) for a t1 possible combina
tions of two through six stations out of 15 in the San 
Juan Mountains and out of 14 in the upper basin of the 
Colorado River . The number of all possible combina
tions is so large that only those combinations which 
yie ld the twenty lowest values of N* are plotted . In 
Fig. 12 , N* is plotted versusthe increase of spring 
runoff and also versus the drainage area . The minimum 
value in the San Juan ~lountains is six a11d in the upper 
basin of the Colorado River it is three. 

The same calculation was performed setting all t he 
ai ' s equal to 1 in equation ~?)instead of optimizing the 

parameters. The results are sho~;·n on Fi-g . 12 . The 
comparison of t he results for the two cases demonstrate 
that the method is effective . 

The analysis of the results indicates that several 
particular sub-basins play a particular important role 
in making N* small . They arc in: 

(a) the San Juan Mo~ntains 

and in 

(b) 

1077015 
1077250 
1371555 

Navajo River at edith 
Rio Blanco near Pagosa Springs 
Uncompahgre River near Ridg1~ay, 

the upper basin of the Colorado Ri ver 

1762500 

1810000 

1930000 

East Fork Troublesome Creek near 
Troub l esome 

Willow Creek below Willow Creek 
Reservoir 

North Inlet at Grand Lake . 

These stations do not necessarily have a small value of 
N in Table 2. Table 4 lis t the optimal coml>ination 
of gages fo r group sizes equal to 2, 3, 4, 5 and 6 
selected f rom 15 stations in the San Juan ~1ountains and 
from 14 stetions in the upper basin of the Colorado 
River. 

The results are very encouraging for evaluation of 
the pilot projects . The method of optimized grouping 
of basins bri ngs a very large reduction in the number 
of years needed to establish significance. One may 
nevertheless question the method . In other words how 
sensitive is the method? Coul d a slight variation in 
this or that parameter say double the calculated value 
of N*, quadruple it ... etc? 

A complete theoretical answer to the question is not 
easy. One can however obtain an idea by varying various 
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parameters and observing the changes in the calculated 
values of N*. Given the value of N* for the optimal 
group of a given size, how different is the corres
ponding value for the next best grouping, etc. Tables 
5 and 6 show that many combinations will actual ly give 
a value of N* close to the optimal. 

How sensitive is N* to the values of the weight 
coefficients ~i? The best 10 ranking groups of size 

6 were used for the sensitivity test. 

The procedure was to modify 2 weight factors (those 
corresponding to the first 2 columns of Table 7) by 
1, 5 and 10%, keeping these fixed and recalculating 

the remaining 4~i according to the optimization pro

cedure. The results are shown in Table 7. They i ndi
cate that the weight factors can be rounded off 1~i thout 
appreciable effects. 

How sensitive is N* to the runoff data? The opti
mal group of size 6 in the Upper Basin of the Colorado 
was used for this test. It is a test of sensitivity 
of N* to the sample covariance matrix. The procedure 
was to select at random 7 years from t he total record 
(1948- 1964). The years turned out to be: 1948, 1951, 
1954, 1956, 1958, 1960 and 1963. Then runoff data for 
3 out of the 7 years were deleted from the entire 
record. This can be done in 35 ways. For each sample 
N* was calculated . Tab le 8 shows the resul ts. 

TABLE 2(a) STATION CHARACTERISTICS - THE SAN JUAN ~tOUN'l'AINS 

CSU ID 
(U.S.G .S. 

No.) 

1073080 
(9. 36550) 
107 3420 

(9.3630) 
1073448 

(9. 36100) 
107 3460 

(9.35950) 
107 5830 

(9.35350) 
1076420 

(9. 34950) 
1077015 

(9. 34600) 
107 7200 

(9. 34350) 
1077250 

(9.34300) 
107 7400 

(9. 34250) 
1272440 

(9. 17300) 
127 2445 

(9 .1 7250) 
127 8800 

(9 . 16500) 
1371530 

(9.14700) 
1371555 

(9 .14620) 

CSU ID 
(U.S. G. S . 

No.) 

1762500 
(9. 0400) 
1800900 
(9 .0355) 
1801800 
(9.0330) 
1801816 
(9. 0320) 
1802730 
(9.0265) 
1804500 
(9. 0 250) 
1805400 
(9.0240) 
1810000 
(9 . 0210) 
1850000 
(9.0180) 
1861>000 
{9.U165) 
1880000 
(9.0155) 
1920000 
(9.0135) 
1930000 
(9 . Dll5) 
1960000 
(9.0110) 

Name 

La Plata River 
at Hesperus 
Florid• River 
near Durango 
Hermosa Creek 
near HeTJ1K)sa 
Mimas Rlver 
above Tacoma 
Los Pinos River 
near Bayfield 
Piedra River 
near Piedra 
Navajo Rtver 
at Edith 
Rito B IBn co near 
Pagosa Springs 
Rio Bl anco near 
Pagosa Springs 
San Juan Ri vor 
at Pagosa Spring5 
Beaver Creek 
near Norwood 
San Miquel Creek 
near Placerville 
Dolores River 
below Ric o 
Dallas Creel< 
near Ridgway 
Uncompahgre River 
near Ridgway 

Name 

East Fork Troub l esome 
Creek near Troub los ome 
Strawberry Creek 
near Granby 
Meadow Creek 
near Tabernash 
Ranch Creek 
near Fraser 
St. Louis Creek 
nea.r Fraser 
Vasquez. Creek 
near Wint er Park 
Frazer River 
near Winter Park 
Wl11ow Creek below 
Willow Creek Res . 
Stillwater Creek 
above Lake Granby 

· Arapaho Creek 
at 'Monarch Outlet 
Co1Ul!lbine Creek 
obove Lake Granby 
East lnlet near 
Grand Lake 
North Inlet ot 
at Grand Lake 
Color3do River 
near Grand Lake 

Location 
Latitude 

Lonaitudo 

37 17 20 
108 2 5 

37 19 40 
107 44 40 
37 25 30 

107 50 20 
37 34 10 

107 46 40 
37 23 0 

107 34 30 
37 14 0 

107 20 30 
37 0 10 

106 54 25 
37 11 40 

106 54 20 
37 12 46 

106 47 38 
37 IS SO 

107 0 40 
37 58 0 

108 11 0 
38 2 s 

108 7 IS 
37 38 25 

108 3 5 
38 10 so 

107 45 40 
38 11 s 

107 44 40 

Elevot ion 
feet 

8105 

7302 

6706 

7520 

7515 

6530 

7033 

7330 

7950 

7052 

aooB 

7,096 

8422 

6980 

6878 

O'rainage 
Area 
~uo2 

37 .o 

96.0 

172.0 

348.0 

284. 0 

371.0 

172.0 

23.3 

s8.b 

298.0 

35.2 

308.0 

105.0 

96.2 

150.0 

Continuous 
Recordin& Recording 

Length Length 

1904-64 1917-64 

1899-60 1927-60 

1912-64 1940-64 

1946-56 1946- 56 

1928-64 1928-64 

1912- 64 1939-64 

1913-64 1913-64 

1935-52 1935-52 

1935-64 1935-64 

1911-64 1935-64 

1942-64 1963-64 

1909-64 1942-64 

1952- 64 1952- 64 

1922- 64 1956-64 

1959-64 1959-64 

Mean (inch) 
S variance 

(.inch2) 
Annual Sprin& 

16.70 
45.03 
15.13 
46.03 
10.95 
28.25 
20.66 
45 . 12 
18.55 
37.46 
11.46 
31.16 
12.46 
24.65 
10.74 
35.33 
19.65 
59 . 211 
16.83 
51.86 
6.55 

35.73 
10.06 
9.66 

16. 44 
46. 04 

5 .47 
4. 74 

13.49 
3.09 

13.50 
42.81 
12. 21 
27 . 39 
8.91 

17.53 
15.91 
39.95 
12.47 
30.11 
9.02 

18.71 
9.37 

13.70 
9.43 

19.81 
15.39 
46.42 
13.66 
38 . 54 
5.46 

17.89 
7. 39 
8 . 49 

13.57 
14.39 

2. 94 
2. 41 
9.19 
4.10 

Ratio of Increase 
sprina to 
annual 
runoff 

.81 

.81 

.81 

.77 

.67 

. 79 

. 75 

. 88 

. 78 

.81 

.83 

.73 

.83 

. 54 

. 68 

in 
runoff 
(inch) 

1. 15 

1.00 

.98 

1.50 

1.01 

.88 

.94 

1.02 

1.31 

1.46 

1.14 

.56 

l. 57 

. 24 

1. 16 

TABLE 2(b) STATION CHARACTERISTICS • THE UPPER BASIN OF THe COLORADO RIVER 

Location 
Latitude 

Longitude 

40 9 27 
106 16 58 

40 5 10 
lOS 49 30 
40 2 55 

lOS 46 30 
39 57 0 

l OS 45 54 
39 54 30 

105 52 45 
39 55 13 

lOS 47 5 
39 54 0 

105 46 35 
40 8 45 

lOS 56 22 
40 ll 20 

lOS 53 40 
40 6 45 

105 44 57 
40 11 20 

lOS 49 0 
40 14 20 

105 48 0 
40 15 0 

105 49 50 
40 13 8 

105 Sl 25 

Elevation 
feet 

7750 

8650 

9780 

8670 

8980 

8769 

8.900 

8024 

8310 

8310 

8282 

8371 

5380 

8380 

Drainage 
Area 

111ilo2 

76.0 

12.6 

7 .o 

19.9 

32.8 

27.8 

27.6 

134 . 0 

18.8 

47. 1 

7. 3 

27.1 

46.6 

103.0 

Recording 
Length 

1937- 64 

1936-45 

1936- 56 

1934- 64 

1934-64 

1907-64 

1911-64 

1953-64 

1950- 56 

1945-64 

1950-56 

1948- 56 

1950- 56 

1904-64 
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Continuou!li 
Recordlna 

Length 

1954-64 

1936-45 

1936-56 

1934-64 

1934-64 

1934-64 

1911-64 

1953- 64 

1950-56 

1945-64 

1950-56 

1948- 56 

1950-56 

1934-64 

Mean (inch) 
& variance 

(lnch2) 
Annual Spring 

4.95 
4, 46 
6.92 
4. 57 

20.92 
23.66 
11. 30 
26.92 
12. 99 
19.95 
7.10 

24 . 21 
14.84 
64.70 
4. 08 

10.84 
7. 45 
9.35 

23.79 
24 . 78 
12.56 
22.39 
21.77 
26.62 
19.99 
30.44 
15.17 
25.34 

4.04 
4. 32 
5. 71 
3.90 

19.00 
65.24 
8.98 

26.92 
9. 27 

16.18 
5.05 

12. 00 
10.99 
23.74 
2. 72 
6.39 
6. 42 
3. 24 

19 . 94 
22. 98 
10.36 
88.21 
18.83 
29.28 
16.89 
17.31 
12.28 
12-11 

Ratio of Increase 
spring to 

annua l 
runoff 

. 82 

. 83 

.91 

.80 

. 71 

. 71 

. 74 

.67 

.86 

.84 

.83 

.87 

.84 

.81 

in 
rW>off 
(inch) 

.31 

.51 

1.39 

.65 

.66 

. 75 

. 26 

. 55 

.85 

1.52 

.95 

1.57 

1. 36 

.92 

NUl!lber of 
Percentage years for 

Increase Evo.lun.tion 

8,5 

8. 2 

11.0 

9.4 

8.1 

9. 7 

10.0 

ll.8 

8.5 

10.7 

20.9 

7.5 

11.6 

7 . 9 

12 .6 

124 

105 

70 

68 

113 

93 

60 

104 

69 

53 

104 

22 

161 

12 

Number of 
Increase years for 

Percentage Evaluation 

7. 7 

8 . 9 

7. 3 

16 .3 

7.1 

14.9 

2. 4 

20 . 2 

13.3 

7 . 7 

9. 2 

8.3 

8. 1 

7. s 

173 

57 

181 

245 

143 

81 

1349 

81 

17 

38 

375 

46 

36 

55 
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TABLE 3 COVARIANCE J.IATR!X (Cal culated for data within the peri od 1948 • 1964) 

(a) The San Juan '-.lountains 

csu 10 1073080 1073420 1073448 1073460 1075830 1076420 1077015 1077200 1077250 1077400 1272440 1272445 
1073080 40.30 31 . 28 24.93 37.18 31.87 25.39 22 .28 23 .• I 39.75 36.61 23.74 16,00 
1073420 31.28 27. 21 20 .85 31.51 27.48 21.69 17 .42 19.02 30. 35 30.27 19. 16 13:51 
1073448 24.93 20. as 16.53 24.56 21.14 16.88 14.02 IS. 22 24 . 31 23. 54 15.38 10.68 
1073460 37.18 31.51 24.56 37.69 32 . 08 25 . 32 21.26 22 . 82 37 . 40 35 . 83 23 .66 16.32 
1075830 31.87 27. 48 21.14 32.08 28.40 22 . 08 17 .94 19.64 31.81 31.30 19. 54 13.49 
1076420 25 . 39 21.69 16. 88 25.32 22.08 17.65 14 . 24 15. so 24.69 24.79 15.47 10.65 
1077015 22 . 28 17.41 14 .02 21. 26 17 . 94 14 .24 12.94 13.66 23 . 15 20.63 14. 16 9. 20 
1077200 23 .71 19.02 IS . 22 22.82 19 . 64 15.50 13.66 15.00 24 .48 22.36 14. 82 9.94 
1077250 39 . 75 30.35 24.31 37 . 40 31.81 24.69 23 15 24 , 48 43.78 37 . ll 24 .78 16.10 
1077400 36.61 30.27 23 . 54 35.83 31.30 24. 79 20 .63 22.36 37.31 36.38 21.84 14.67 
1272440 23.74 19. 16 15.38 23.66 19.54 15.47 14.16 14.82 24.78 21.84 16.88 10.93 
1272445 16.00 13.57 10.68 16.3.:! 13.49 10.65 9 . 20 9 .94 16.10 l4.b7 10 .93 8.01 
127~ij00 36.39 29 . 98 23.72 36.09 30.75 24.28 20.94 22 . 34 37.38 34.75 23. 51 16.03 
1371530 6.05 5.08 3. 93 6.09 5 . 14 3 . 91 S.42 3.65 6 . 39 5 . 57 4.04 2 .98 
1371555 23 .92 19.96 I S. 68 23 . 72 19 . 90 15.63 13.62 14. 81 24 .66 22.12 15.95 11.55 

(b) Tho Upper Basin of the Colorado River 

c~u 10 1762500 1800900 1801800 1801816 1802730 1804500 1805400 1810000 1850000 1866000 1880000 1920000 
1762500 5 . 77 4.80 16.72 10.23 5. 88 6 . 72 8, 57 3. 78 4 . 48 9 . 66 8.22 11.72 
1800900 4.80 4.50 14 . !7 a. ss 4.46 5.41 8. 19 3.30 3.89 9 .41 7 .44 10.68 
1801800 16.72 14.17 63.77 34.20 23. 68 19.52 27.44 11.46 13.49 30.11 25.04 37.86 
1801816 10 .23 8 . 53 34.20 25.32 16 .47 14. 22 19. 65 S.4:> 8.11 18.55 14 .61 20.57 
1802730 5.88 4.46 23.68 16.47 15.26 9.21 10.82 2. 40 4.82 10. 90 7.5) 11.03 
1604500 6. 72 5 . 41 19.52 14.22 9. 21 ll.32 12.72 4 .58 4. 86 11.14 8.91 12. 32 
1805400 8.57 8.19 27 .43 19. 65 10. 82 12.72 22 .40 6 . 02 6.19 17.92 13.07 18.79 
1810000 3. 78 3 . 30 11.46 5.43 2. 40 4.58 6 . 02 5.24 2 .80 5 . 82 5.86 9.05 
1850000 4.48 3.89 13.49 8 . ll 4.82 4.86 6.19 2 . 80 2.80 
1866000 9.66 9 .4! 30.11 18.55 10.90 11.14 17.92 5.82 :21.68 
1880000 8. 22 1. 44 25.04 14.61 7. 51 8 . 91 13.07 5.86 12 .89 
1920000 u.n 10. 68 37.86 20.57 11.03 12 .32 18.70 9 . 05 27.62 
1930000 9 .11 7.98 30.39 17.56 10.90 9.82 14. 19 5.90 
1960000 7.66 6.95 23.21 14 .03 7.39 8.36 12.10 5.41 

0 C\J ~ w -
csu ID (Jl (Jl (Jl (Jl m (Jl - - - - -

0 0 0 

1073080 
10734 20 - ':':::::1 
1073440 

(/) 1073460 ---- :::::-.J ----c: 1075830 
.!2 1076420 
c: 1077015 ::l 
0 1077200 - ------ = =::.:1 ::2: -- ----

1077250 
c: 
0 1077400 
::J 1272440 : c::::J J 

1272445 ~ c 1278800 0 c::_ --(f) 
1371530 c- - -- --------1371555 c-- ---------- ---
1762500 c-- --------1800900 c - - --------- -_::J --------1801800 ---- -:::J 
1801816 

... 1802730 
4) 1804500 ::> 

a:: 1805400 
1810000 r-- ---0 ---"0 1850000 c-- ---- :. :.:. ., 0 ----... 1866000 

0 1880000 ----0 c--- . --- :::.:J u 1920000 ---- ---_-_., ----1930000 -------- -:::7 
1960000 

Fig. 11 Length of r unoff records in the pilot area 
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1278800 1371530 1371555 
36 . 39 6.05 23.92 
29 .98 5.08 19 . 96 
23.72 3.93 15 .68 
36.09 6 .09 2S. 72 
30 . 75 5.14 19.90 
24 .28 3.91 15 .63 
20.94 3.42 13 . 62 
22.34 3.65 14.81 
37.38 6 . 39 24.66 
34.75 5. 57 22 .12 
23.51 4 .04 15.95 
16.03 2 .98 11.55 
35.71 6.06 23.56 
6.06 l. 28 4. 49 

23 .56 4.49 17 . 78 

1930000 1960000 
9. 11 7. 66 
7. 98 6 . 95 

30.37 2:1. 21 
17.56 14 . 03 
10.90 7. 39 
9.82 8. 36 

14. 19 12.10 
5 . 90 5 . 41 

16 . 33 
11.42 

Missing Data 
Filled by 

1073400 ( r = .98) 

1073436 ( r = .99) 

1077090 ( r = .89) 

12724 15 ( r = .86) 

1277200 ( r = .96) 
1371500 ( r = .61 ) 

ir = .98l 1371520 
1760000 (r = .97) 
1740000 (r= .79) 
1772000 (r = .94) 

1890000 ( r = .67) 
1960000 (r = .93) 

1960000 ( r = .99) 
1960000 (r:: .97) 
1960000 ( r = .9 7) 



TABLE 4 (a) OPTLMAL COMBINATIONS OF GAGES FOR VARIOUS GROUP 
SIZES IN THE SAN JUAN MOUNTAINS 

Number of 
Sub-basins Weight Number of 

in Factor Years Needed 
Combination csu 10 Name a for Evaluation 

1 1371555 Uncompahgre River near Ridgway l.OO 12 

2 1272440 Beaver Creek near Norwood 1.00 53 1371555 Uncompahgre River near Ridgway 1.00 
1073080 La Plata River at Hesperus -9.41 

3 1077015 Navajo River at Edith 4.68 23 
12?2440 Beaver Creek near Norwood -2. 78 
1073080 La Plata River at Hesperus -9.90 

4 1077015 Navajo River at Edith 8.18 16 1077250 Rio Blanco near Pagosa Springs -4. 27 
1272440 Beaver Creek near Norwood -6.38 
1073080 La Plata River at Hesperus - 15.13 
1077015 Navajo River at Edith 10.80 

5 1077250 Rio Blanco near Pagosa Springs - 6.61 11 
1272440 Beaver Creek near Norwood -11.6 7 
1371555 Uncompahgre River near Ridgway 2. 09 
1076420 Piedra River near Piedra -7.49 
1077015 Navajo River at Edith 24.55 

6 1077250 Rio Blanco near Pagosa Springs - 32.45 6.1 1077400 San Juan River at Pagosa Springs 5 . 31 
1272440 Beaver Creek near Norwood -23 . 36 
1371530 Dallas Creek near Ridgway 27 . 38 

TABLE 4 (b) OPTIMAL COMBINATIONS OF GAGES FOR VARIOUS GROUP 
SIZES IN THE UPPER BASIN OF THE COLORADO RIVER 

Number of 
Sub-basins Weight Number of 

in Factor Years Needed 
Combination CSU ID Name a for Evaluation 

1 1850000 ~tillwater Creek above Lake Grandby 1.0 17 

2 1800900 Strawberry Creek near Grandby 1.0 32 1850000 Stillwater Creek above Lake Granby 1.0 
1762500 East Fork Troublesome Creek near -2.38 

Troublesome 
3 1804500 Vasquez Creek near Winter Park .59 8.2 

1930000 North Inlet at Grand Lake 2 . 39 
1762500 East Fork Troublesome Creek near -1-83 

Troublesome 

4 
1801800 ~leatlow Creek near Tabernash - 4.00 6.0 1804500 Vasquez Creek near Winter Park .14 
1930000 North Inlet at Grand Lake 3.10 
1762500 l.!.ast Fork Troublesome Creek near -3.60 

Troublesome 
1801800 l·leatlow Creek near Tabernash - 6. 99 

5 1804500 Vasquez Creek near Winter Park 2.67 3.8 
1810000 Willow Creek near Winter Park .34 
1930000 North Inlet at Grand Lake 4.15 
1762500 east Fork Troublesome Creek near - 3.37 

Troublesor.1e 
1801800 Meadow Creek near Tabernash -5 . 45 

6 
1801816 Ranch Creek near Frazer -2.31 2 . 9 1804500 Vasquez Creek near Winter Park 3.60 
1!!10000 Willow Creek below Willow Creek Reser- .07 

voir 
1930000 North Inlet at Grand Lake 4 . 51 
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TABLE 5(a) 10 BEST COMBINATIONS OF SIX SUB-BASINS IN TI1E SAN JUAN MOUNTAINS 

Number of Length of 
Years for Elevation Records 

Rank Evaluation 0:. 
1 

csu 10 Station Name (feet) (years) 

- 7. 49 1076420 Piedra River near Piedra 6530 26 
24.55 1077015 Navajo River at Edith 7033 45 

1 6 . 1 -32.45 1077250 Rio Blanco near Pagosa Springs 7950 29 
5.31 1077400 San J uan River at Pagosa Springs 7052 29 

-23.36 1272440 Beaver Creek near Norwood 8008 22 
27.38 1371530 Dallas Creek near Ridgway 6980 14 

-14.54' 1073080 La Plata River at Hesperus 8105 48 
14.38 1077015 Navajo River at Edith 7033 45 

2 7. 7 - 9.90 1077250 Rio Blanco near Pagosa Springs 7950 29 
-14.46 1272440 Beaver Creek near Norwood 8008 22 
- 1. 71 1272445 San ~liguel Creek near Placerville 7096 28 
18 .90 1371530 Dallas Creek near Ridgway 6980 14 

-18.86 1073080 La Plata River at Hesperus 8105 48 
16.25 1077015 Navajo River at Edith 7033 45 

3 7. 7 - 9 . 13 1077250 Rio Blanco near Pagosa Springs 7950 29 . 
-24 . 72 1272440 Beaver Creek near Norwood 8008 22 
- 1. 31 1272445 San Miguel Creek near Placerville 7096 28 

4.33 1371555 Uncompa)1gre River near Ridgway 6878 6 
- 7. 37 1076420 Piedra River near Piedra 6530 26 
27. 02 1077015 Navajo l:iver at Edith 7033 45 

4 7.9 -31. Hl 1077250 Rio Blanco near Pagnsa Springs 7950 29 
4.70 1077400 San Juan River at Pagosa Springs 7052 29 

- 37 .00 1272440 Beaver Creek near Norwood 8008 22 
6.06 1371555 Uncompahgre River near Ridgwav 6878 6 

-14.10 1073080 La Plata River at Hesperus 8105 48 
- 2.32 1073420 Florida River near Durango 7302 42 

5 8.4 14.00 1077015 Navajo River at Edith 7033 45 
- 8.93 1077250 Rio Blanco near Pagosa Springs 7950 29 
-18 . 16 1272440 Beaver Creek near Norwood 8008 22 

3 . 21 1371555 Uncompahgre ·River near Ridg,.•ay 6878 6 
- 20.93 1073080 La Plata River at Hesperus 8105 48 

. 88 1076420 Piedra River near Piedra 6530 26 

6 9.0 19. 45 1077015 Navajo River at Edith 7033 45 
-12. 54 1077250 Rio Blanco near Pagosa Springs 7950 29 
-21.47 1272440 Beaver Creek near Norwood 8008 22 

3.84 1371555 Uncompahgre River near Ridgway 6878 6 
- 22.05 1073080 La Plata River at Hesperus 8105 48 

.59 1075830 Los Pinos River near Bayfield 7515 37 

7 9.0 18.8S 1077015 Navajo River at Edith 7033 45 
-10.73 1077250 Rio Blanco near Pagosa Springs 7950 29 
-25 .03 1272440 Beaver Creek near Norwood 8008 22 

3.80 1371555 Uncompahgre River near Ridgwav 6878 6 
- 8. 36 1076420 Piedra River near Piedra 6530 26 
24 .17 1077015 Navajo River at Edith 7033 45 

8 9.1 -30 .86 1077250 Rio Blanco near Pagosa Springs 7950 29 
3.54 1077400 San Juan River at Pagosa Springs 7052 29 

-42 . 16 1272440 Beaver Creek near Norwood 8008 22 
15.30 1278800 Dolores River below Rico 8422 13 

-29 .89 1073080 La Plata River at Hesperus 8105 48 
.70 1073460 Animas River above Tacoma 7520 11 

9 9.3 25.30 1077015 Navajo River at Edith 7033 45 
-14.72 1077250 Ri o Blanco near Pagosa Springs 7950 29 
-30 . 20 1272440 Beaver Creek near Norwood 8008 22 

5.11 1371555 Uncompahgre River near Ridgway 6878 6 
- 16.80 1073080 La Plata River at Hesperus 8105 48 

1.95 1073448 Hermosa Creek near Hermosa 6706 36 

10 15. 71 1077015 Navajo River at Edith 7033 45 
9.4 -10.69 1077250 Rio Blanco near Pagosa Springs 7950 29 

-14. 95 1272440 Beaver Creek near Norwood 8008 22 
3.32 1371555 Uncompahgre River near Ridgway 6878 6 
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TABLE 5(b) 10 BEST CO~lBINATIONS OF FIVE SUB-BASINS ' IN Tl~ SAN JUAN MOUNTAINS 

Number of Length of 
Year s for Elevation Records 

Rank Evaluation (l i csu ID Station Name (feet) (years) 

- 15.13 1073080 La Plat a River at Hesperus 8105 48 
10.80 1077015 Navajo River at Edith 7033 45 

11 - 6.61 1077250 Rio Blanco near PagosH Springs 7950 29 
- 11.67 1272440 Beaver Creek near Norwood 8008 22 

2.09 1371555 Uncompahgre River near Ridgway 6878 .6 
-10 .93 1073080 La Plata River at Hesperus 8105 48 

8.36 1077015 Navajo River at Edith 7033 45 
2 12 - 5. 41 1077250 Rio Blanco near Pagosa Springs 7950 29 

- 6. 39 1272440 Beaver Creek near Norwood 8008 22 
5. 36 1371 530 Dallas Creek near Ridgway 6980 14 

-15 . 75 1073080 La Pl ate River at Hesperus 81D5 48 
10 .42 1077015 Navajo River at Edith 7D33 45 

3 14 - 6 . 26 1077250 Rio Blanco near Pagosa Springs 7950 29 
-11. 30 1272440 Beaver Creek near Norwood 8008 22 

2. 42 1278800 Dolores River below Rico 8422 13 
- 4.05 1076420 Piedra River near Piedra 6530 26 
15.22 1077015 Navajo River at Edith 7033 45 

4 14 - 18.47 1077250 Rio Blanco near Pagos a Springs 7950 29 
-26.12 1272440 Beaver Creek near Norwood 8008 22 

12.62 1278800 Do lores River bel ow Rico 8422 13 
- 24.66 1073080 La Pl ata River at llesperus 8105 48 

.65 1077400 San Juan River at Pagosa Springs 7052 29 
) 15 17 . 77 1077015 Navajo River at Edith 7033 45 

- 9. 91 1077250 Rio Blanco near Pagosa Springs 7950 29 
-1 4. 96 1272440 Beaver Creek ncar Norwood 8008 22 

· - 10 . 73 1073080 La Plat a River at Hesperus 8105 48 
8.07 107701 5 Navajo River at Edith 7033 4!: 

6 15 5 . 34 1077200 Rito Bl anco near Pagosa Springs 7330 17 
- 4.51 1077250 Rio Blanco near Pagosa Springs 7950 29 
- 7. 20 1272440 Beaver Creek near Norwood 8008 22 
- 5 .21 1073420 Floric!a River near Durango 7302 42 
12 . 53 1077015 Navajo River at Edi th 7033 45 

7 15 - 11. 73 1077250 Rio Bl anco near Pagosa Springs 7950 29 
-18.43 1272440 Beaver Creek near Nor1;ood 8008 22 

3. 75 1371555 Uncompahgre Ri ver near Ridgway 6878 6 
-15.90 1073080 La Plat a River at Hesperus 8105 48 

.so 1073448 llcrmosa Creek near Hermosa 6706 36 
8 IS 11. 84 1077015 Navajo River at Edith 7033 45 

- 6.03 1077250 Rio Bl anco near Pagosa Springs 7950 29 
- 9 . 35 ] 272440 Beaver Creek ncar Norwood 8008 22 
- 18. 36 1073080 La Plat a River at llesperus 8105 48 

.33 ]076420 Piedra River near Piedra 6530 26 
9 15 17. 13 1 077() 15 Navajo River at Edith 7033 45 

- 9 . 21 1077250 Rio ~ l ance near Pagosa Springs 7950 29 
- 13. 26 12 724 40 Beaver Creek near Norwood 8008 22 
- 6 . 00 1076420 Pi edra River near Piedra 6530 26 

25 . 83 1077015 Nava jo River at Edith 7033 45 
10 16 -26 .41 1077250 Rio Ulanco ncar Pagosa Spr i ngs 7950 29 

4 .11 1077400 San Juan River at Pagosa Springs 7052 29 
- 23 . 92 1272440 3eaver Creek near Norwood 8008 22 
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TABLE 5(c) 10 BEST COMBINATIONS OF FOUR SUB-BASINS IN THE SAN JUAN MOUNTAINS 

Num er o Length of 
Years for Elevation Records 

Rank evaluation Cl. csu ID Station Name (feet) (years) 
l. 

- 9.9·0 1073080 La Plata River at Hesperus 8105 48 
16 8.18 1077015 Navajo River at Edith 7033 45 

- 4. 2 7 1077250 Rio Blanco near Pagosa Springs 7950 29 
- 6.38 12 72440 Beaver Creek near Norwood 8008 22 
-16 .03 1073080 ra Plata River at Hesperus 8105 48 

2 18 6 .5 7 1077015 Navajo River at Edith 7033 45 
- 6 .34 1272440 Beaver Creek near Norwood 8008 22 

1. 68 1371555 Uncompahgre River near Ridgway 6878 6 
- 18. 25 1073080 La Pl ata River at Hesperus 8105 48 

3 20 l. 93 1073448 llennosa Creek near Hermosa 6706 36 
6 . 99 1077015 Navajo River at Edith 7033 45 

- 6,64 1272440 Beaver Creek near Norwood 8008 22 
-16 .41 1073080 La Plata River at Hesperus 8105 48 

4 21 6.22 1077015 Navajo River at Edith 7033 45 
- '6 . 60 1272440 Beaver Creek near Norwood 8008 22 

2.22 1278800 Dolores River belo1; Rico 8422 13 
-27.61 107 3080 La Plata River at Hesperus 8105 48 

5 22 ll. 91 1077015 Navajo River at Edith 7033 45 
.66 1077400 San Juan River at Pagosa Springs 7052 29 

- 8.94 1272440 Beaver Creek near Norwood 8008 n 
-10,69 1073080 La Plata River at Hesperus 8105 48 

6 22 4.87 1077015 Navajo River at Edith 7033 45 
- 2.92 1272440 Beaver Creek near Norwood BOOB 22 

2.26 1371530 Dallas Creek near Ridgway 6980 14 
-10.39 1073080 La Plata River at Hesperus 8105 48 

7 22 4.38 1077015 Navajo River at Edith 7033 45 
6.10 1077200 Rito Blanco near Pagosa Springs 7330 17 

- 3.55 1272440 Beaver Creek near Noi'\vood 8008 22 
- 31.32 1073080 La Plata River at Hesperus 8105 48 

8 22 .68 1073460 Animas River above Tacoma 7520 11 
13.57 1077015 Navajo River at Edith 7033 45 

- 11 . 23 1272440 Beaver Creek near Norwood 8008 22 
-23 .64 1073080 La Plata River at Hesperus 8105 48 

9 23 . 34 1076420 Piedra River near Piedra 6530 26 
11 . 10 1077015 Navajo River at Edi th 7033 45 

- 8.22 1272440 Beaver Creek near Noi'\;ood 8008 22 
14.41 1073080 La Plata River at Hesperus 8105 48 

23 .67 1073420 Florida River near Durango 7302 42 10 6.73 1077015 Navajo River at Edith 7033 45 
- 4 . 93 1272440 Beaver Creek near Norwood 8008 22 
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TABLE 5(d) 10 BEST C<X>iBINATIONS OF TIIREE SUB-BASINS IN THE SAN JUAN MOUNTAINS 

Number of Length of 
Years for E 1evation Records 

Rank Evaluation Q. 
l 

csu ID Station Name (feet) (years) 

- 9 . 41 10>73080 La Plata River at Hesperus 8105 48 
23 4. 68 1077015 Navajo River at Edith 7033 45 

2.78 12 72440 Beaver Creek near Norwood 8008 22 
-16.81 1073420 Florida River near Durango 7302 42 

2 34 5.17 1073460 Animas River above Tacoma 7520 11 
-10. 74 1272440 Beaver Creek near Norwood 8008 22 
- 9.42 1073080 La Plata River at Hesperus 8105 48 

3 34 7.41 1077015 Navajo River at Edith 7033 45 
- 2.60 12 78800 Dolores River below Rico 8422 13 

5.53 1077015 Navajo River at Edith 7033 45 
4 34 - 6.18 1077250 Rio Blanco near Pagosa Springs 7950 29 

- 3.67 1272440 Beaver Creek near No~~ood BOOB 22 
- 2 . 72 10730BO La Plata River at Hesperus Bl05 48 

5 35 11.38 1077200 Rito Blanco near Pagosa Spring 7330 17 
- 1. 21 12 72440 Beaver Creek near No~~ood 8008 22 
- 8.35 1073080 La Plata River at Hesperus 8105 48 

6 37 5.59 1077015 Navajo River at Edith 70:53 45 
.98 13 71555 Uncompahgre River near Ridgway 67B7 6 

6.28 1073460 Animas River above Tacoma 7520 11 
7 3B - 6.39 1075830 Los Pinos River near Bayfield 7515 37 

- 14.Bl 1272440 Beaver Creek near Norwood BOOB 22 
- 6 . lB 1073080 La Plata River at Hesperus Bl05 4B 

8 39 - 5. 11 12 72440 Beaver Creek near Norwood BOOB 22 
4.34 12 7B800 Dolores River below Rico B422 13 
6.16 1073460 Animas River above Tacoma 7520 11 

9 39 -10 . 55 10 76420 Piedra River near Piedra 6530 26 
3.47 1077400 San .Juan River at Pagosa Spring 7052 29 

-12.38 10 73080 La Plata River at Hesperus 8105 48 
10 41 5.55 1073460 Animas River above Tacoma 7520 ll 

- 4.54 1076420 Piedra River near Piedra 6530 26 

TABLE 5(e) 10 BEST CCJt.1BINATIONS OF TWO SUB-BASII\S IN THE SAN JUAN ~IOUNTAINS 

Number of Length of 
Years for elevat ion Records 

Rank Evaluation Q . csu 
l 

ID Station Name (feet) (years) 

53 1.00 12 72440 Beaver Creek near No~~ood 8008 22 
L.DO 1:5 71555 Uncompahgre River near Ridg1.rav 6878 6 

2 54 1.00 1077200 Rito Blanco near Pagosa Springs 7330 17 
1. 00 1272440 Beaver Creek near Norwood BOOB 22 

3 54 1.00 1077200 Rito Blanco near Pagosa Springs 7330 17 
1.00 1371555 Uncompahgre River near Ridgway 6878 6 

4 54 1.00 1077015 Navajo River at Edith 7033 45 
1.00 1371555 Uncompahgre Ri vcr near Ridg111ay 6878 6 

5 55 1.00 1278800 Dolores River belOii Rico 8422 13 
1.00 1371555 Uncompahgre River near Ridg1•ay 6878 6 

6 57 1. 00 1371530 Dallas Creek near Ridgway 6980 14 
1.00 1371555 Uncompahgre River near Ridg1;ay 6878 6 

7 58 1. 00 1272440 Beaver Creek near No~vood 8008 22 
1.00 1278800 Dolores River below Rico 8422 13 

8 58 1. 00 1077015 Navajo River at Edith 7033 45 
1. 00 1272440 Beaver Creek near No~•ood BOOB 22 

9 59 1.00 1077200 Rito Blanco near Pagosa Springs 7330 17 
1.00 1278800 Dolores River below Rico 8422 ' 13 

10 59 1.00 1077015 Navajo River at Edith 7033 45 
1.00 1278800 Dolores River below Rico 8422 13 
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TABLE 6(a) 10 BEST COMBINATIONS OF SIX SUB-BASINS IN THE UPPER BASIN OF THE CO LORADO RIVER 

Number of Length of 
Years for Elev;:ttion Records 

Rank Evaluation a. 
l 

csu ID Station Name (feet) (years) 

- 3.37 1762500 East Fork Troublesome Creek near 7750 17 
Troublesome 

- 5. 45 1801800 ~1eadow Creek near Tabemash 9780 21 

1 2.9 - 2.31 1801816 Ranch Creek near Fraser 8670 30 
3.60 1804500 Vasquez Creek near Winter Park 8769 31 

.07 1810000 Willow Creek below Willow Creek 8024 11 
Reservoir 

4.51 1930000 North Inlet at Grand Lake 8380 14 
- 4 . 04 1762500 East Fork Troublesome Creek near 7750 17 

Troublesome 
- 6 . 79 1801800 ~1eadow Creek near Tabemash 9780 21 

2 3.5 .49 1802 730 St . Louis Creek near Fr aser 8980 31 
2.96 1804500 Vasquez Creek near Wi nter Park 8769 31 

. 18 1810000 \Vi llow Creek below Willow Creek 8024 11 
Reservoir 

4. 89 1930000 North Inlet at Grand Lake 8380 14 
- 3.41 1762500 East Fork Troublesome· Creek near 7750 17 

Troublesome 
- 3. 72 1800900 Strawberry Cr eek near Granby 8650 10 

3 3.6 - 7.67 1801800 Meadow Creek near Tabemash 9780 21 
2. 77 1804500 Vasquez Creek near lvinter Park 8769 31 

.38 1810000 ll'i llow Creek below Willow Creek 8024 11 
Reservoir 

4. 59 1930000 North Inlet at Grand Lake 8380 14 
- 3 . 38 1762500 East Fork Troublesome Creek near 7750 17 

Troublesome 
- 6.93 1801800 Meadow Creek near Tabemash 9780 2l 

4 3.8 1. 89 1804500 Vasquez Creek near Winter Park 8769 31 
. 19 1805400 Fraser River near Winter Park 8900 54 
.OS 1810000 Will ow Creek below ll'illow Creek 8024 11 

Reservoir 
4.78 1930000 North Inlet at Grand Lake 8380 14 

- 4. 23 1762500 East Fork Troublesome Creek near 7750 17 
Troubl esome 

- 3 .19 1801816 Ranch Creek near Fraser 8670 30 

5 3.9 . 70 1802730 St . Louis Creek near Fraser 8980 31 
4.58 1804500 Vasquez Creek near Winter Park 8769 31 

. 16 1810000 Willow Creek bel ow Wi llow Creek 8024 11 
Reservoir 

4. 54 1930000 North Inlet at Grand Lake 8380 14 
- 3.83 1762500 East Fork Troublesome Creek near 7750 17 

Troublesome 
.1 3 1800900 Strawberry Creek near Granby 8650 10 

4. 2 - 3 .65 1801816 Ranch Creek near Fraser 8670 30 
6 4.37 1804500 Vasquez Creek near ll'inter Park 8769 31 

.01 1810000 Willo1~ Creek below \l'i llow Creek 8024 11 
Reservoir 

3.88 1930000 North Inlet at Grand Lake 8380 14 
- 3.61 1762500 East Fork· Troublesome Creek near 7750 17 

Troubl esome 
- 3.63 1801816 Ranch Creek near Fraser 8670 30 

7 4.4 3.62 1804500 Vasquez Creek near Winter Park 8769 31 
.01 1805 400 Fraser River near Winter Park 8900 54 
. 22 1810000 Willow Creek below IVillo"'' Creek 8024 11 

Reservoir 
4. 33 1930000 North In let at Grand Lake 8380 14 

- 4 . 79 1762500 East Fork Troub l esome Creek near 7750 17 
Troublesome 

- 5. 7l 1800900 Strawberry Creek near Granby 8650 10 

- 1.98 1802730 St. Louis Creek near Fraser 8980 31 
8 4.8 4.40 1804500 Vasquez Creek near Winter Park 8769 31 

.02 1810000 Willow Creek below Wi l low Creek 8024 11 
Reservoir 

4 .86 1930000 North Inlet at Grand Lake 8380 14 
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TABLE 6(a) continued 

- 2. 72 1762500 East Fork Troublesome Creek near 7750 17 
Troublesome 

9.58 1801800 Meadow Creek near Tabernash 9780 21 

9 5.1 - 1.00 1801816 Ranch Creek near Fraser 8670 30 
1. 29 1802730 St. Louis Creek near Fraser 8980 31 

.62 1810000 Willow Creek below Willow Creek 8024 11 
Reservoir 

4.76 1930000 North In let at Grand Lake 8380 14 
- 2.96 1762500 East Fork Troublesome Creek near 7750 17 

Troublesome 
- 8. 75 1801800 Meadow Creek near Tabernash 9780 21 

10 5 .4 . 64 1802730 St . Louis Creek near Fraser 8980 31 
.04 1805400 Fraser River near lqinter Park 8900 54 
,29 1810000 Willow Creek below Willow Creek Res. 8024 11 

5 , 03 1930000 North Inlet at Grand Lake 8380 14 

TABLE 6(b) 10 BEST COMBINATIONS OF FIVE SUB-BASINS IN niE UPPER BASIN OF THE COLORADO RIVER 

Number of Length of 
Years for El evation Records 

Rank Evaluation a 
1 

csu ID Station Name (feet) (years) 

- 3,60 1762500 East Fork Troublesome Creek near 7750 17 
Troubles orne 

- 6.99 1801800 Meadow Creek near Tabernash 9780 21 
3.8 2 . 67 1804500 Vasquez Creek near Winter Park 8769 31 

. 34 1810000 Willow Creek near \qinter Park 8024 11 
4 .15 1930000 North Inlet at Grand Lake 8380 14 

- 3. 71 1762500 East Fork Troublesome Creek near 7750 17 
Troublesome 

- 3. 54 1801816 Ranch Creek near Fraser 8670 30 
2 4 . 2 4.28 1804500 Vasquez Creek near Winter Park 8769 31 

.02 1810000 Willow Creek near Winter Park 8024 11 
3. 74 1930000 North Inlet at Grand Lake 8380 14 

- 4.98 1762500 East Fork Troublesome Creek near 7750 17 
Troublesome 

- 1.63 1802730 St . Louis Creek near Fraser 8980 31 
3 5.0 4.00 1804500 Vasquez Creek near Winter Park 8769 31 

.03 1810000 Willow Creek near Winter Park 8024 11 
4. 26 1930000 North Inlet at Grand Lake 8380 14 
1. 53 1762500 East Fork Troublesome Creek near 7750 17 

Troublesome 
- 5.73 1800900 Strawberry Creek near Granby 8650 10 

4 5. 3 - 5.02 1801800 Meadow Creek near Tabernash 9780 21 
. 52 1804500 Vasquez Creek near Winter Park 8769 31 

3. 71 1930000 North Inlet at Gr and Lake 8380 14 
- 2.85 1762500 East Fork Troublesome Creek near 7750 17 

Troublesome 
- 9 . 25 1801800 ~1eadow Creek near Tabernash 9780 21 

5 5.4 .92 1802730 St. Louis Creek near Fraser 8980 31 
.67 1810000 Willow Creek below Willow Creek 8024 11 

Reservoir 
4.41 1930000 North Inlet at Grand Lake 8380 14 

- 2. 85 1762500 East Fork Troublesome Creek near· 7750 17 
Troublesome 

- 9 . 25 1801800 Meadow Creek near Tabernash 9780 21 
6 5 . 5 . 92 1802730 St. Louis Creek near Fraser 8980 31 

.67 1810000 Willow Creek below Willow Creek 8024 11 
Reservoir 

4.42 1930000 North Inlet at Grand Lake 8380 14 
- 2 .63 1762500 East Fork Troublesome Creek near 7750 17 

Traub lesome 
- 6.66 1801800 Meadow Creek near Tabernash 9780 21 

7 6 . 1 .16 1805400 Fraser River near Winter Park 8900 54 
. 28 1810000 Willow Creek below Willow Creek 8024 11 

Reservoir 
4.49 1930000 North Inlet at Grand Lake 8380 14 
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TABLE 6(b) continued 

- 3. 01 1762500 East Fork Troublesome 
Troublesome 

Creek near 7750 17 

- 7. 83 1801800 Meadow Creek near Tabernash 9780 21 8 6.3 .61 1801816 Ranch Creek near Fraser 8670 30 
.69 1810000 Willow Creek below IHllow Creek 8024 11 

Reservoir 
4.29 1930000 North Inlet at Grand Lake 8380 14 

- 1.93 1762500 East Fork Troublesome Creek near 7750 17 
Troublesome 

- 4.11 1801800 ~1eadow Creek near Tabernash 9780 21 9 6. 7 . 26 1801816 Ranch Creek near Fraser 8670 30 
.07 1804500 Vasquez Creek near Winter Park 8769 31 

3.48 1930000 North Inlet at Grand Lake 8380 14 
- 4. 95 1762500 East Fork Troublesome Creek near 7750 17 

Troublesome 
3. 75 1800900 Strawberry Creek near Granby 8650 10 

10 6 . 7 2 .91 1804500 Vasques Creek near Winter Park 8769 31 
. 39 1810000 Wil low Creek below Willow Creek 8024 11 

Reservoir 
3.01 1930000 North Inlet at Grand Lake 8380 14 

TABLE 6(c) 10 BEST COMBINATIONS OF FOUR SUB-BASINS IN THE UPPER BASIN OF THE COLORADO RIVER 

Number of Length of 
Years for Elevation Records 

Rank Evaluation (!.. 
1 

csu ID Station Name (feet) (years) 

- 1.83 1762500 East Fork Troublesome Creek near 7750 17 
Troublesome 

6.0 - 4.00 1801800 ~ieadow Creek near Tabernash 9780 21 
. 14 1804500 Vasquez Creek near Winter Park 8769 31 

3.10 1930000 North Inlet at Grand Lake 8380 14 
- 2.66 1762500 East Fork Troublesome Creek near 7750 17 

Traub lesome 

6.9 - 6,95 1801800 Headow Creek ncar Tabernash 9780 21 
2 . 73 1810000 Willow Creek be low l~illow Creek 8024 11 

Reservoir 
3 90 1930000 North Inlet at Grand Lake 8380 14 

- 4 . 59 1762500 East Fork Troublesome Creek near 7750 17 
Troublesome 

3 6.9 2.94 1804500 Vasquez Creek near Winter Park 8769 31 
. 44 1810000 Willow Creek below Willow Creek 8024 11 

Reservoir 
3.10 1930000 North Inlet at Grand Lake 8380 14 

- 2.21 1762500 East Fork Troublesome Creek near 7750 17 
Troubl esome 

9.28 1800900 Strawberry Creek near Granby 8650 10 
4 7. 3 .15 1810000 Willow Creek bel ow Willow Creek 8024 11 

Reservoir 
7. 71 1850000 Stillwater Creek above Lake Granby 8310 5 

- 2.17 1762500 East Fork Troublesome Creek near 7750 17 
Troublesooe 

7.9 - 1.04 1801816 Ranch Creek near Fraser 8670 30 
5 . 30 1804500 Vasquez Creek Rear Winter Park 8769 31 

2. 82 1930000 North Inle t at Grand Lake 8380 14 
- 2 .50 1762500 East Fork Troublesome Creek near 7750 17 

Troub 1 esome 
. 56 1800900 Strawberry Creek near Granby 8650 10 

6 8.2 .68 1804500 Vasquez Creek near Winter Park 8769 31 
2.57 1930000 North In let at Grand Lake 8380 14 

- 3. 26 1762500 East f-ork Troublesome Creek near 7750 17 
Troub l esome 

.52 1805400 Fraser River near Winter Park 8900 54 
7 8.4 . 30 1810000 Willow Creek be l ow Ni llow Creek 8024 11 

Reservoir 
3.58 1930000 North Inlet at Grand Lake 8380 14 

- 10.78 1800900 Strawberry Creek near Granby 8650 10 
- 7.23 1801800 Meadow Creek near Tabernash 9780 21 

8 8.5 .94 1804500 Vasquez Creek near Winter Park 8769 31 
3 48 1930000 North Inlet at Grand Lake 8380 14 
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TABLE 6(c) continued 

.78 1762500 East Fork Troublesome Creek near 7750 17 
Troublesome 

9 8.7 - 10. 25 1800900 Stra1~berry Creek near Granby 8650 10 
- 4.15 1801800 ~1eadow Creek near Tabernash 9780 21 

3. 59 1930000 North Inlet at Grand Lake 8380 14 
- 1.11 1762500 East Fork Troublesome Creek near 7750 17 

Troub 1esome 

10 9 .1 .45 1804500 Vasquez Creek near Winter Park 8769 31 
.29 1810000 Willow Creek bel o14 l'li llow Creek 8024 11 

Reservoir 
11.95 1850000 Stillwater Creek above Lake Granby 8310 5 

TABLE 6(d) 10 BEST COMBINATIONS OF THREE SUB- BASINS IN THE UPPER BASIN OF THE COLORADO RIVER 

Rank 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Number of 
Years for 
Evaluation 

8.2 

9 . 5 

9.8 

11 

12 

12 

12 

l3 

14 

14 

0.. 

- 2. 38 

. 59 
2 . 39 

.94 

. 30 

9,87 
- 8,5 7 
- 5. 18 

2. 92 
- 7. 76 

. 07 

9 . 44 
- 1. 67 

- 3 . 91 
2 49 

- 3.61 

.88 

2. 85 
- 1. 79 

. 18 

8.68 
- 2.58 

.11 

8.31 
- 7 . 23 

. 15 
2 . 54 

- 4.21 

l. 28 
2 . 23 

CSU ID Stati on Name 
Elevation 

(feet) 

1762500 East Fork Troublesome Creek near 7750 

1804500 
1930000 
1762500 

1810000 

1850000 
1800900 
1S018oo 
1930000 
1800900 
1810000 

1850000 
1762500 

1800900 
1930000 
1762500 

1810000 

1930000 
1801816 
1810000 

185000,0 
1801800 
1810000 

1850000 
1801800 
1804500 
1930000 
1762500 

1804500 
1960000 

Troublesome 
Vasquez Creek near Winter Park 
North In let at Grand Lake 
East Fork Troublesome Creek near 
Troublesome 
Willow Creek below Willow Creek 
Reservoir 
Stillwater Creek above Lake Granby 
Strawberry Creek near Granby 
~1ea.dow Creek near Tabemash 
North In let at Grand Lake 
Strawberry Creek near Granby 
\Villow Creek below Will014 Creek 
Reservoir 
Sti 1 ll~ater Creek above Lake Granby 
East Fork Troublesome Creek near 
Troub 1 esome 
Stra1~berry Creek near Granby 
North Inlet at Grand Lake 
East Fork Troublesome Creek near 

' Tr oub l esome 
'l\lillo14 Creek below Willow Creek 
,Reservoir 
North Inlet at Grand Lake 
Ranch Creek near Fraser 
Will014 Creek below Willow Creek 
Reservoi r 
Sti lll~ater Creek above Lake Granby 
~leado~>r Creek near Tabernash 
\'J il l ow Creek be1o1~ lrJi llow Creek 
Reservoir 
Stillwater Creek above Lake Granby 
~leadow Creek near Tabernash · 
Vasquez Creek near IT/inter Park 
North Inlet at Grand Lake 
East Fork Troub l esome Creek near 
Troublesome 
Vasquez Creek near \\'int er Park 
Colorado River near Grand Lake 
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8769 
8380 
7750 

8024 

8310 
8650 
9780 
8380 
8650 
8024 

8310 
7750 

8650 
8380 
7750 

8024 

8380 
8670 
8024 

8310 
9780 
8024 

8310 
9780 
8769 
8380 
7750 

8769 
8380 

Length of 
(years) 

17 

31 
14 
17 

11 

5 
10 
21 
14 
10 
11 

5 
17 

10 
14 
17 

11 

14 
30 
11 

5 
21 
11 

5 
21 
31 
14 
17 

31 
45 



TABLE 6(e) 10 BEST COMBINATIONS OF TWO SUB-BASINS IN THE UPPER BASIN OF THE COLORADO RIVER 

Number of Length of 
Years for El evation Records 

Rank Evaluation Cl. 
1 

csu IO Station Name (feet) (years) 

32 1.00 1800900 Strawberry Creek near Granby 8650 10 
1.00 1850000 Stillwater Creek above Lake Granby 8310 5 

2 39 1.00 1800900 St rawberry Creek near Granby 8650 10 
1.00 1930000 North Inlet at Grand Lake 8380 1~ 

3 41 1.00 1804500 Vasquez Creek near Winter Park 8769 31 
1.00 1930000 North Inlet at Grand Lake 8380 14 

4 41 1.00 1800900 Strawberry Creek near Granby 8650 10 
1.00 1866000 Arapaho Creek at Monarch Outlet 8310 20 

5 42 1.00 1804500 Vasquez Creek near Winter Park 8769 31 
1.00 1866000 Arapaho Creek at Monarch Outlet 8310 20 
1.00 1810000 Willow Creek bel O\•' Willow Creek 8024 ll 

6 42 Reservoir 
1.00 1866000 Arapaho Creek at Monarch Out1 ~t 8310 20 

7 44 1.00 1801800 Meadow Creek near Tabernash 9780 21 
1.00 1866000 Arapaho Creek at Monarch Outlet 8310 20 
1.00 1810000 Willow Creek below l~illow Creek 8024 11 

8 45 Reservoir 
1.00 1930000 North Inlet at Grand Lake 8380 14 

9 45 1.00 1801800 Meadow Creek near Tabernash 9780 21 
1.00 1930000 North Inlet at Grand Lake 8380 14 

10 46 1.00 1804500 Vasquez Creek near \~inter Park 8769 31 
1.00 1850000 Stillwater Creek above Lake Granby 8310 5 

TABLE 7(a) SENSITIVITY OF NUMBER OF YEARS FOR EVALUATION ACCORDING TO CHANGE OF COEFFICIENTS 
(THE SAN JUAN MOUNTAINS) 

Number of 
Years for 

Rank Combination of Sub-basins and Coefficients Evaluation 
csu 10 1076420 1077015 10772 so 1077400 1272440 1371530 
Optimized - 7. 49 24.55 -32.45 5. 31 -23 . 36 27 . 38 6 .08 

1 1% change - 7 . 57 24.80 -32 .70 5 . 33 -23.59 27 ,40 6 . 09 
5% change - 7.86 25 . 78 -33.69 5.45 -24.50 27.45 6.23 
10% change - 8. 23 27 . 01 -34.93 5.59 -25.63 27. 53 6.56 
CSU ID 1073080 1077015 1077250 1272440 1272445 1371530 
Optimized -14.54 14.38 - 9.90 -14 . 46 - 1 . 71 18 .90 7.68 

2 1% change - 14 .68 14 .53 -10.01 -14 . 62 - 1.73 18.94 7 . 68 
5% change -15.26 15.10 -10.43 - 15.27 - 1.81 19.09 7.86 
10% change - 15.99 15.82 -10.97 - 16.09 - 1.90 19.29 8.42 
CSU ID 1073080 1077015 1077250 1272440 1272445 1371555 
Optimized - 18.86 16.25 - 9.13 -24.72 - 1.32 4.34 7.69 

3 1% change -19.05 16 . 42 - 9 . 23 -24.85 - 1.33 4.32 7.70 
5% change -19 . 80 17.07 - 9 . 66 -25 .36 - 1.36 4. 24 7.84 
10% change -20.75 17.88 -10.20 -26.00 - 1. 41 4.14 8.27 
CSU ID 1076420 1077015 1077250 1077400 1272440 1371555 
Optimi zed - 7.37 27.02 -31.10 4. 70 -37.00 6.06 7 . 88 

4 1% change - 7.44 27.29 -31.36 4. 72 -37 .20 6.04 7. 88 
5% change - 7. 73 28.37 -32.39 4 . 83 -37 .97 5.94 8 .00 
10% change - 8.10 29.72 -33.68 4.97 -38.95 5 . 82 8.36 
CSU ID 1073080 1073420 1077015 1077250 1272440 1371555 
Optimized -14 . 10 - 2.33 14.00 - 8. 93 -18 . 16 3.21 8,44 

5 1% change -14 .24 - 2.35 14.03 - 8. 89 -18 . 22 3.21 8.44 
5% change -14.80 - 2.44 14.18 - 8.71 -18.46 3.24 8.49 
10% change -15 . 50 - 2 .56 14.37 - 8 .50 -18.76 3.28 8 . 64 
CSU ID 1073080 1076420 1077015 1077250 1272440 1371555 
Optimized -20.93 .88 19.45 -12.54 -21 .47 3 .84 9 .01. 

6 1% change -21.14 . 89 19 . 50 -12 . 49 -21.52 3. 85 9 .01 
5% change -21.98 .92 19.72 -12 . 25 -21. 71 3.86 9 . 06 
10% change -23.03 .97 19.98 -11 .95 -21.96 3.88 9 . 21 
csu 10 1073080 1075830 1077015 1077250 1272440 1371555 
Optimized -22.05 .59 18.85 -10 . 73 -25 . 03 3.80 9.05 

7 1% change -22 . 27 ,60 18.90 -10.66 -25 .09 3.81 9 . 05 
5% change - 23 . 15 .62 19.08 - 10 . 38 -25 . 33 3 . 82 9.10 
10% change -24.26 .65 19.31 -10.03 -25.63 3.84 9.25 
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TABLE 7(a) continued 

CSU ID 1076420 1077015 1077250 1077400 1272440 1278800 
Optimized - 8.36 24 .17 -30.86 3.54 -42.16 15.30 9.13 

8 1\ change - 8.44 24.41 -31.08 3.59 -42.35 15.25 9.14 
5% change - 8.78 25 . 38 - 31.95 3. 77 -43 . 11 15.06 9.25 
10% change - 9.19 26.59 -33.04 4.00 -44.05 14.83 9.60 
csu 10 1073080 1073460 1077015 1077250 1272440 13715.55 
Optimized -29 . 89 . 70 25,30 -14 . 72 -30 . 20 5.11 9 , 26 

9 1% change -30. 19 . 70 25.38 -14,63 -30.28 5.12 9.26 
5% change -31.38 .73 25.67 -14.30 -30.60 5.15 9.31 
10% change -32.88 - .77 26.04 -13.89 30 . 99 5.19 9 . 46 
CSU 10 1073080 1073448 1077015 1077250 1272440 1371555 
Optimized -16.80 - 1.95 15.71 -10.69 -14.95 3.32 9.44 

10 1% change -16.97 - 1.97 15.75 -10.65 - 14.98 3.33 9.44 
5% change -17.64 - 2.04 15.94 -10.49 -15.11 3.36 9.49 
10% change -18.48 - 2.14 16.17 -10 . 28 -15.26 3.39 9.63 

TABLE 7(b) SENSITIVITY OF NUMBER OF YEARS FOR EVALUATION ACCORDING TO CHANGE OF COEFFICIENTS 
(THE UPPER BASIN OF THE COLORADO RIVER) 

Number of 
Years for 

Rank Combination of Sub-basins and Coefficients Evaluation 
CSU ID 1762500 1801800 1801816 1804500 1810000 1930000 
Optimized - 3.37 - 5.45 - 2.31 3.60 .07 4.51 2.90 
1% change - 3.41 - 5.51 - 2.24 3.58 .08 4.52 2.90 
5% change - 3.54 - 5 . 72 - 1. 98 3. 51 . 09 4. 56 2. 93 
10% change - 3. 71 - 6.00 - 1.65 3.43 .11 4.60 3.02 
CSU IO 1762500 1801800 1802730 1804500 1810000 1930000 
Optimized - 4.04 - 6 . 79 .49 2.96 .18 4.89 3. 53 

2 1% change - 4.08 - 6 . 86 .47 2.97 .17 4 .91 3,54 
5% change - 4.24 - 7. 13 . 41 3.01 .16 5 .00 3.62 
10% change - 4. 45 - 7.47 ,34 3 .07 .14 5,10 3. 87 
CSU ID 1762500 1800900 1801800 1804500 1810000 1930000 
Optimized - 3.41 - 3. 72 - 7.67 2 . 77 .38 4.59 3.65 

3 1% change - 3.45 - 3.76 - 7.59 2. 78 .38 4.59 3 .65 
5% change - 3.59 - 3.90 - 7.24 2.84 .37 4.59 3,67 
10% change - 3.76 - 4.09 - 6.81 2.91 .37 4.60 3.76 
CSU ID 1762500 1801800 1804500 1805400 1810000 1930000 
Optimized - 3.38 - 6.93 1.89 .19 .OS 4.78 3.78 

4 1% change - 3,41 - 7.00 1.91 .17 .06 4.80 3.78 
5% change - 3.54 - 7.28 1.98 .08 .07 4.84 3. 82 
10% change - 3.71 - 7.62 2.07 . 04 .08 4.90 3.96 
csu 10 1762500 1801816 1802730 1804500 1810000 1930000 
Optimized - 4 . 23 - 3.19 . 70 4 . 58 .15 4.54 3.93 

5 1% change - 4.27 - 3.22 .69 4 . 61 .16 4.56 3.93 
5% change - 4.44 - 3. 35 .64 4 . 72 . 19 4.63 4. 01 
10% change - 4. 66 - 3.51 .57 4. 86 .23 4. 72 4. 26 
CSU IO 1762500 1800900 1801816 1804500 1810000 1930000 
Optimized - 3. 83 .13 - 3.64 4.37 .01 3.88 4. 19 

6 1% change - 3.87 .13 - 3.60 4.36 .01 3.88 4.19 
5% change · - 4.02 .14 - 3.39 4.33 .02 3.90 4.22 
10% change - 4.22 . IS - 3.14 4.28 .03 3.91 4.30 
CSU IO 1762500 1801816 1804500 1805400 1810000 1930000 
Optimized - 3.61 - 3.63 3.62 .01 . 22 4.33 4.35 

7 1% change - 3.65 - 3. 67 3.65 .04 .22 4.34 4.36 
5% change - 3. 79 - 3. 81 3.80 .14 .22 4.36 4 . 40 
10% change - 3. 98 - 4.00 3.98 . 26 .22 4.39 4. 54 
CSU ID 1762500 1800900 1802730 1804500 1810000 1930000 
Optimized - 4. 79 - 5. 71 - 1.98 4 .40 .02 4,87 4,85 

8 1% change - 4.84 - 5. 77 - 1.98 4 . 43 .02 4.89 4.85 
5% change - 5.03 - 6 . 00 - 1.98 4 .53 . 01 4.98 4.93 
10% change - 5.27 - 6.28 - 1.98 4.65 .04 5.09 5.17 
CSU IO 1762500 1801800 1801816 1802730 1810000 1930000 
Optimized - 2. 72 - 9.58 - 1.00 1.29 .62 4.76 5.15 

9 1% change - 2. 74 - 9.68 ,93 l. 28 .62 4. 77 5.15 
5% change - 2.85 -10.06 .66 1.24 .62 4.84 5.18 
10% change - 2.99 -10 . 54 . 32 1.18 .61 4.92 5.29 
CSU IO 1762500 1801800 1802730 1805400 1810000 1930000 
Optimized - 2.96 - 8. 75 .64 .04 .29 5.03 5. 39 

10 1% change - 2.99 - 8. 84 .66 .07 . 29 5 . 04 5 . 39 
5% change - 3.11 - 9.19 .72 .15 . 32 5.07 5.43 
10% change - 3.26 - 9.62 .80 . 26 .35 5. 12 5. 57 
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TABLE 8 SENSITIVITY OF NUMBER OF YEARS FOR EVALUATION ACCORDING TO CHANGE OF COVARIANCE MATRIX 
(THE UPPER BASIN OF THE COLORADO RIVER) 

Number o 
Years for which Combination of Sub-basins and Coefficients Years for 
data were not used 1762500 1801800 1801816 1804500 1810000 1930000 Evaluation 

-3.37 -5.45 -2.31 3.60 . 07 4.51 2 .90 
1948 1951 1954 - 3.26 -5.69 -2.01 3.32 .14 4.46 2.64 
1948 1951 1956 -3.74 -6.51 - .67 2.64 .30 4.53 2.76 
1948 1951 1958 -3 . 65 -4.44 -1.90 3.81 .06 4, 33 2.53 
1948 1951 1960 -3.46 -5.41 - 2.02 3.30 .15 4.49 3.21 
1948 1951 1963 -3 .49 -4.48 -2 .27 3 .39 .14 4.39 3.20 
1948 1954 1956 -3 .44 -6.89 - .93 2.83 .25 4.52 2.50 
1948 1954 1958 -3.36 - 4.87 -2 .18 3.92 .02 4.35 2.20 
1948 1954 1960 -3.20 -5 . 72 -2.24 3,45 .11 4.48 2.75 
1948 1954 1963 -3.25 -4. 54 -2.50 3.59 .09 4.35 2.68 
1948 1956 1958 -3.70 -5.17 -1 . 49 3.53 .11 4.40 2 .69 
1948 1956 1960 -3.59 -6.27 -1.28 2.95 . 22 4, 55 3 . 21 
1948 1956 1963 -3 .60 - 5. 50 -1.57 3.05 .21 4.47 3.22 
1948 1958 1960 -3.57 -4. 59 -2 .19 4.00 .01 4 . 38 2.71 
1948 1958 1963 -3 .66 -2 . 79 -2 .60 4.19 .01 4.17 2.63 
1948 1960 1963 -3. 43 - 4.41 -2 . 54 3.53 . 10 4 . 41 3.33 
1951 1954 1956 -3.59 - 7.53 - . 18 2 . 74 . 28 4. 52 2.37 
1951 1954 1958 -3.47 -4 ,96 -1.79 3.89 .04 4.31 2. 00 
1951 1954 1960 -3. 27 -6 . 11 -1 . 83 3.50 .10 4.48 ,2 .69 
1951 1954 1963 -3.30 -5.21 - 2.08 3.64 .08 4.38 2.69 
1951 1956 1958 -3.90 -5.61 - .67 3.32 .17 4.37 2.36 
1951 1956 1960 -3 . 76 - 7. 03 - .41 2.82 . 26 4.55 3 .01 
1951 1956 1963 -3.74 -6.78 - .57 2.83 .26 4.54 3.09 
1951 1958 1960 -3 .69 -4. 70 -1.73 3.91 .04 4.34 2.42 
1951 1958 1963 -3.75 - 3 . 11 -2 . 14 4 . 15 .00 4.16 2.41 
1951 1960 1963 -3.49 -5.28 -2.00 3.54 .10 4 . 46 3.27 
1954 1956 1958 -3 . 56 -6.05 -1.05 3.53 .11 4.40 2.05 
1954 1956 1960 -3.45 - 7. 33 - . 77 3.05 .20 4.55 2 . 58 
1954 1956 1963 -3.44 -6.69 -1.01 3.15 .18 4.48 2.60 
1954 1958 1960 -3.39 -5.10 -2.06 4.06 -.01 4.35 2.15 

1954 1958 1963 -3 .48 -3. 28 -2.45 4.35 -.OS 4.14 2.03 
1954 1960 1963 -3.24 -5 . 23 -2 .30 3. 77 .OS 4.40 2.80 
1956 1958 1960 -3.73 - 5 . 45 - 1.35 3.68 .08 4.41 2.62 
1956 1958 1963 -3.74 - 3. 74 -1.95 4 .01 I ,02 4, 24 2.62 

1958 1960 1963 - 3.66 -3 . 25 -2.43 4.32 -.04 4. 21 2.60 
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Chapter VI 

CONCLUSION 

Suitability of basins for weather modification over 
the whole Upper Colorado River Basin was discussed from 
a hydrologic standpoint. 

The relationship between precipitation and spring 
runoff with greater than 0 .90 correlation coefficient 
was obtained for 365 sets by applying a multipl e linear 
regression analysis, the independent variables being 
winter and spring precipitation . Using this relation
ship, the incr ease of spring runoff due to a 10 percent 
increase of winter precipitation was calculated and used 
as a criterion to discuss optimal water yield. The 
fol lowing watersheds are those where a relatively large 
amount of increase of runoff can be expected in order: 

(a) San Juan ~fountains, 

(b) Upper r each of the Yampa River and its 
tributaries, 

(c) Headwat er of the Green River, 

(d) Upper basin of the Colorado River, 

(e) Upper basins of Uinta River, Lake Fork, and 
Rock Creek, and 

(f) Headwaters of the Rafael River . 

By applying t he two-sample u-test, t he number of 
years for evaluation of weather modification attain
ment for each basin was discussed . Though results 
show some variabil ity between watersheds separated by 
a very short distance, the following basins lead to a 
smaller number of years needed for evaluation on the 
average: 

(a) Upper reach of the Yampa Ri ver and its 
tributaries, 

(b) Headwater of the Green River, 

(c) Upper basin of the Colorado River, 

(d) Upper basins of Uinta River, Lake Fork, and 
Rock Creek, and 

(e) San Juan Mountains. 

These results show that the upper reach of the Yampa 
River and its tTibutaries; the headwaters of the Green 
River; and t he upper basi ns of Uinta River, Lake Fork, 
and Rock Creek are suitable, i n addition to the two 
pilot-areas--the San Juan Mountains and the Upper 
Basin of t he Colorado River.* 

Furthermore , the number of years for evaluation 
was calculated for certain combinations of basins in 
the pilot area by using a new variable that is a linear 
combination of a given number of runoff variables from 
i ndividual sub-basins . This was done in order to select 
the most desirable combination of basins f or t he planned 
experiment. It was found that particular gages play a 
particularl y important role in keeping the number ·of 
years needed for evaluat ion to a minimum. They are in 
the 

(a) San Juan Mountains 

(b) 

1077015 
1077250 
1371555 

Navajo River at Edith 
Rio Blanco near Pagosa Spri ngs 
Uncompahgre River near Ridgway 

the Upper Basin of the Colorado River 

1762500 

1810000 

1930000 

East Fork Troubl esome Creek near 
Troublesome 

Willow Creek below Willow Creek 
Reservoir 

North Inlet at Grand Lake 

However, t he study shows that there exist a great 
deal of latitude in the actual choice of the stations 
with little loss of efficiency in eval uation. This fact 
is probably the most important result of this study . 

It also was found the minimum number of years in 
the San Juan Mountains was six, and in the Upper Basin 
of the Colorado River Basin was three . It must be 
remembered that these results hold under the assumption 
of a uniform 10\ increase in winter precipitation in 
both pilot areas . I f the increase is greater the num
ber of years decreases approximately at a quadratic 
rate. 

At this point, no physical meaning is assigned to 
the ai 1 s in equation (3). It may be desirable to consider 

t he meaning of the ai 1 s in a further study . 

*Since the initiation of this study the plans of the Bureau were modified. Currently (45) only one area 
is considered : the San Juan Mountains region . 
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APPENDIX A 

List of Preci pitation Stati ons 

The numbers in the tables of the recorded data indicat e the number of missing monthly data. However , the 
number "9" indicat es that the number of missing monthly data is 9, 10, or 11 and t he "*" indicates that there 
is no monthly data at all . 
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APPENDIX B 

Table of mean spring runoff, of mean winter precipitation, of correlat ion coefficient between winter, 
spring precipitation and spr ing runoff, of expected increase in spr i ng runoff, and of the number of years needed 
for evaluation , based on the two-sample u- test. 

Column 1 of Table B l ists the CSU code number for i dentification of runoff s t ation (7 digits) or precipita-
t ion station (8 digi ts) . 

Column 2 of Table B lis t s the mean spring runoff or the mean winter precipitation, in inches. 

Column 3 lists the variance of the spring runoff, in inches square 

Column 4 lists the coefficient of correlation between spring runoff and precipitation f rom one or 
several precipitation gages . 

Column 5 indicates the number of years of record on which the correlation is based. 

Column 6 gives the value of coefficient b. of equation (11) for each precipitation station. 
J 

Column 7 gives the expected value of increase in spring runoff (inches) corresponding to a 10% incr ease in 
winter precipitation at each precipitation station. 

Column 8 gives the expected relative increase in spring runoff assuming a uniform 10% increase in winter 
precipitation. 

Column 9 gives the number of years for evaluation at the 95% level of significance and SO% power assuming 
a uniform 10% increase in winter precipitation. 

TABLE 

Column __ ~l ______ ~2~------~3 __________ ~4 ________ ~s~------6~--------~7 ________ ~8 __________ ~9--

csu ID Mean Variance Cor Cof Case Coeff 
in. in .2 

1071830 .so .OS 
10718302 8.87 
1071860 1.29 . 23 
l0718noo 8 . 02 
1073020 . 68 . 55 
10730600 7 . 95 
10730603 10.42 
1073040 1. 02 . 63 
10730600 7 . 95 
10730603 10.42 
1073060 1. 49 1. 44 

. 96 13 

. 98 14 

. 93 10 

. 95 10 

. 94 10 

. 045 

. 108 

. 444 
-.190 

.479 
-.189 

10730600 7 . 95 . 867 

Increase 
Ru~off 

. 040 

.087 

. 155 

. 184 

.316 

Increase 
Ratio 

. 080 

.067 

.228 

.180 

. 212 

Years 
Eva!. 

192 

117 

87 

71 

55 

~10~7~3~0~60~3~~1~0~·~42~--~~~-------m.-----~~-----~·~35~8------~~------~~----~~--
1073200 3. 38 2 . 98 . 98 52 . 383 . 113 77 
10734000 4.42 
10734040 5 . 10 
10734360 11.06 
10734641 18.60 
10734680 12 . 90 
10738000 4 . 27 
10758200 8.52 
10770000 9 . 37 
1073400 6 . 74 
10734000 4.42 
10734040 5 .10 
10734360 11 . 06 
10734641 18 . 60 
10734680 12.90 
1073408 8.12 
10734360 11 . 06 
10734641 18 . 60 
10734680 12 . 90 
1073436 38 . 89 
10734360 11.06 
10734641 18.60 
10734680 12.90 
1073448 8 . 91 
10734560 11.65 
10734561 15.04 
1073460 15.98 
10734641 18.60 
10734680 12 . 90 

9.71 

12. 78 

7. 74 

22.00 

34 . 29 

. 98 52 

. 98 31 

. 98 52 

. 97 9 

. 99 11 

49 

-.324 
-.038 

.220 

.048 

.046 
- . 084 

.075 

.136 

0 
- . 343 

. 443 

.120 

. 12 1 

. 280 

. ::?21 

. 085 

. 480 

. 286 

.042 

1. 287 
- .514 

.761 
0 . 0 

.694 

. 830 

1. 117 

. 726 

1. 415 

.103 

.102 71 

. 029 23 

. 082 160 

. 089 65 



Table continued 

1 2 3 4 5 6 7 8 9 

CSU ID Mean Variance Cor Co£ Case Coeff Increase Increase Years 
Runoff Ratio Eva1. 

1074400 3.87 4 . 24 . 97 25 .399 .103 10i 
10750001 6.51 .377 
10758200 8.52 -. 261 
10758400 15.47 - .085 
10764201 11.03 0.0 
10770000 9.37 .311 
10774000 11.90 -.120 
10776001 13.78 . 081 
10778600 30 .53 . 081 
1075200 3. 16 3. 33 .99 15 .372 .118 92 
10758200 8 . 52 -.464 
10758400 15.47 -.874 
10764201 11.03 0. 
10770000 9 . 37 1. 551 
10774000 11.90 - . 223 
10776001 13.78 . 698 
10778600 30 . 53 - .010 
1075820 7.40 19 . 69 . 89 19 . 441 . 060 389 
10758200 8.52 0 
10758400 15.47 . 285 
1076200 6.12 8.21 . 97 22 . 587 .096 91 
10764201 11. 03 . 076 
10770000 9.37 .365 
10774000 11.90 -.314 
10776001 13.78 . 388 
1076800 5 64 9 . 80 . 98 25 . 749 .133 67 
10770000 9.37 .460 
10774000 11.90 - .314 
10776001 13.78 .502 
10778600 30.53 0. 
1077200 9.43 29 . 10 .97 13 1. 019 .108 107 
10774000 11.90 .856 
1077600 16.05 72.85 . 97 17 1. 479 .092 128 
10776001 13.78 1.073 
1077800 19.70 74 . 85 .97 25 1. 652 .084 105 
10778600 30 . 53 .541 
1146300 . 51 . 03 . 97 21 . 045 . 089 55 
11463000 3. 44 .132 
1160121 1.31 1. 87 . 84 17 . 162 .123 274 
11601300 4. 22 - . 127 
11601420 4.29 .502 
1160720 2.41 1. 74 .98 29 .187 . 078 191 
11607400 9.38 -.012 
11607601 15. 72 . 126 
1160725 2. 71 2.83 . 96 30 . 351 .130 88 
11607400 9.38 -.12 5 
11607601 15. 72 .298 
1160740 4. 22 9 . 30 . 83 25 . 225 . 053 704 
11607400 9.38 . 240 
1160755 4.49 5.66 .95 25 .489 .109 90 
11607601 15.72 . 311 
1161500 1. 40 . 29 . 98 25 .190 .136 30 
11615004 5.47 . 083 
11615150 7.35 .097 
11615202 8.94 .067 
11615550 12.25 . 011 
1161520 4.93 2. 58 . 98 16 . 380 .077 68 
11615202 8.94 .240 
11615550 12. 25 .135 
1161525 6.99 4.00 .98 17 . 592 . 085 43 
11615550 12.25 .483 
1161706 .47 . 09 . 90 13 . 032 .067 347 
11617060 4.78 . 066 
1161725 2.19 1. 33 .99 10 .259 .118 76 
11617250 3.24 o. 
11617270 4.20 - .897 
11617350 9.95 .210 
11617460 4.58 . 932 
11617850 6.02 0. 
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Table continued 

2 3 4 5 6 7 8 9 

CSU ID Mean Variance Cor Cof Case Coeff Increase Increase Years 
Runoff Ratio Eva1. 

1161726 2. 66 3.42 . 97 25 . 163 . 061 492 11617270 4.20 . 280 
11617350 9.95 .046 
1161746 2.31 1. 65 .95 15 .207 .090 148 11617530 6. 67 .406 
11617631 7.11 - . 090 
1161752 1. 52 1. 08 .93 15 .205 .135 98 11617530 6.67 .308 
1161774 5.10 4.07 . 99 12 .370 . 072 114 
11617580 6. 02 .614 
1161783 5.30 4. 25 . 99 12 .400 .076 101 11617850 6. 02 .665 
1161785 7. 95 7.49 .99 11 . 709 .089 57 
11617850 6. 02 1.170 
1162200 1.13 . 84 . 96 12 . 066 . 059 737 
11622001 4. 76 .139 
1163200 1. 75 .52 . 98 20 .147 .084 92 
11632080 6.91 .213 
1163203 1. 82 . 86 .96 15 . 190 .104 91 
11632080 6.91 . 275 
1163243 5.25 2.99 . 99 25 . 114 . 022 880 
11632490 10.11 - .197 
11632570 7.31 -.192 
11632610 9 . 20 . 322 
11632690 12.12 .165 
11632850 15.17 -.028 
11632940 9 .19 0. 
1163256 7.70 3. 09 .99 25 . 555 .072 38 
11632570 7.31 . 257 
11632610 9.20 . 047 
11632690 12.12 - . 087 
11632850 15.17 . 283 
11632940 9.19 0. 
1163257 1. 99 . 87 .97 21 .156 . 079 136 
11632570 7.31 .214 
1163268 3. 83 4. 62 .94 9 . 288 . 075 213 
11632690 12. 12 .238 
1163274 16.58 17.40 .97 18 1. 331 .080 37 
11632801 14. 71 . 900 
1163280 19.34 29.98 .96 32 1.399 .072 58 
11632801 14. 71 .951 
1163285 8. 64 6. 40 . 98 18 .562 .065 77 
11632940 9. 19 .612 
1163291 2. 78 1. 48 . 97 25 . 145 . 052 269 
11632940 9 . 19 .158 
1164700 1. 19 . 17 .98 15 .066 . 056 149 
11648001 5.13 .019 
11654500 5 . 50 .050 
11658000 4. 00 .036 
11662180 3.78 .048 
11678450 5.29 - . 070 
11690000 9 .79 .034 
1165000 1. 30 .28 . 98 34 .099 .076 109 
11654250 4.96 .167 
11658000 4.00 .062 
11662180 3. 78 -.082 
11673000 3. 85 -.167 
11678450 5.29 .038 
11690000 9 . 79 .068 
1165400 . 88 .28 .96 17 .081 .092 165 
11654050 4.08 . 046 
11654250 4. 96 - . 075 
11654400 4. 31 . 230 
1165410 1.01 .28 . 94 15 .052 .051 404 
11654250 4.96 .104 
1165445 1. 74 .97 . 92 5 .113 . 065 293 
11654500 5.50 . 205 
1166200 .15 . 01 .93 10 . 007 . 048 744 
11662180 3.78 . 019 
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Tab 1e continued 

1 2 3 4 5 6 7 8 9 

CSU ID He an Variance Cor Cof Case Coeff Increase Increase Years 
Runoff Ratio Eval. 

1167800 5.51 3.45 . 80 15 .397 .072 83 
11678450 5.29 .751 
1167827 6.93 5.27 .95 so .398 . 057 127 
11678450 5.29 .753 
1167845 11.91 17.94 . 93 40 . 668 .056 154 
11678450 5.29 1. 260 
1167857 2.54 . 69 . 97 6 .196 .077 69 
11678690 5. 57 .351 
1168800 10.63 5.67 .98 33 .663 . 062 49 
11690000 9.79 .677 
1270000 1. 58 1. 03 . 96 25 .217 . 138 83 
12708000 6. 54 .067 
12724151 8.45 -.047 
12724450 7.30 - . 012 
12724602 16.59 .109 
12732001 6.09 - . 109 
12764000 11 . 25 .367 
12788000 15.33 -.203 
1272400 2. 10 2. 85 .96 24 .525 .157 39 
12724151 8. 45 .481 
12724450 7.30 -.096 
12724601 16.59 . 114 
1272430 3. 77 4.80 .95 13 .471 . 125 83 
12724450 7.30 .347 
12724602 16.59 .131 
1272445 7.39 7. 76 .91 22 .539 .073 102 
12724450 7.30 .739 
1272455 7.66 12.54 . 96 18 . 816 . 107 72 
12724602 16.59 .492 
1274000 3.07 . 95 .97 13 .344 .112 30 
12764000 11.25 .186 
12788000 15.33 .088 
1275600 5.43 10.64 .94 26 .606 .112 111 
12764000 11.25 .490 
12788000 15.33 .036 
1277200 8.78 14.37 .96 43 . 805 .092 85 
12788000 15.33 .520 
1278000 8.80 15.99 .97 25 . 958 .109 66 
12788000 15. 33 . 625 
13 71200 4. 24 3. 84 .98 16 .561 .132 46 
13730212 9.62 .159 
13772400 8. 71 . 286 
13775000 5. 18 -.234 
13781450 14.25 -.188 
13790000 9.10 .602 
1371505 3.51 l. 85 .98 25 .346 . 099 59 
13 715051 5.26 1.209 
13715052 5.15 -.989 
13715600 11.69 .188 
1371510 3.93 . 39 .99 8 . 412 .lOS 8 
13715150 6.44 .630 
1371515 5. 79 1. 48 .99 8 .743 . 128 10 
13715150 6.44 1.150 
1371520 5.96 4.60 . 97 22 .228 . 038 341 
13715600 5.15 .442 
1371565 24.61 8.79 .98 11 2.327 . 095 6 
13715750 13.49 1. 720 
1371810 7.58 11.42 .96 48 .610 .081 117 
13718100 6.70 .911 
1373000 7.35 14.92 . 97 15 .457 . 062 274 
13730211 8. 71 -.382 
13730212 9 . 69 . 821 
1373035 10.04 5.69 . 99 9 .963 . 096 23 
13730700 14. 70 .655 
1373055 9. 60 12. 60 . 95 15 .513 . 053 184 
13730701 12.12 . 423 
1373070 8.23 25 . 00 . 93 8 . 698 .085 197 
13730701 12. 12 .567 
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Tali1e continued 

1 2 3 4 5 6 7 8 9 

CSU ID Mean Variance Cor Cof Case Coeff Increase Increase Years 
Runoff Ratio Eva1. 

1374500 3. 72 4.09 . 97 25 . 502 .135 62 
13754001 8.05 .329 
13772000 4. 97 .484 
13742400 8. 71 . 118 
13772700 6.12 -.634 
13775000 5. 18 - . 590 
13781450 14 . 25 . 071 
13790000 9 .10 .534 
1375100 3. 66 1.40 .98 25 .173 . 047 179 
13754001 8.05 - . 161 
13772000 4.97 . 326 
13772400 8.71 -.030 
13772700 6.12 - . 040 
13 775000 5.18 -.239 
13781450 14. 25 .014 
13790000 9 .10 . 327 
1375400 7.47 6 . 62 . 97 17 . 621 . 083 65 
13754001 8. 05 . 772 
1376300 3.29 2. 19 . 97 27 . 347 .106 69 
13772000 4.97 .436 
13772400 8. 71 -.101 
13775000 5.18 -.203 
13781450 14 . 25 .065 
13790000 9. 10 . 254 
1377200 1. 47 . 73 . 93 27 .125 . 085 180 
13772000 4.97 .188 
13772400 8. 71 . 036 
1377230 4.58 5 . 35 .94 27 .358 . 078 160 
13772400 8. 71 .411 
1377500 7.78 7. 85 . 98 20 . 658 . 085 69 
13775000 5.18 - .225 
13781450 14.25 .229 
13790000 9.10 .493 
1378100 12.60 15.53 . 97 30 .798 .063 93 
13 781450 14.25 . 56 
1378145 23.66 9.67 .96 11 1.540 . 065 15 
13781450 14.25 1. 084 
1378400 5.95 5.91 . 97 .510 . 086 87 
13790000 9. 10 .560 
1420000 3. 10 3.15 .94 25 .386 .124 81 
14250000 9.69 . 398 
1590000 9.54 9 . 31 .97 18 . 696 .073 73 
15963000 11 . 30 . 616 
1592110 16.99 24 . 24 .99 8 .675 .040 204 
15921800 17.12 . 394 
1592140 17.13 18.43 . 98 14 1.169 .068 51 
15921800 17. 12 . 683 
1592160 18.71 39.28 .98 9 . 909 . 049 182 
15921800 17.12 .531 
1592170 20.02 27 .48 . 99 5 1. 765 . 088 33 
15921800 17.12 l. 031 
1592180 35.09 47.91 . 99 7 1.063 . 030 162 
15921800 17.12 .621 
1594212 16.78 16 .83 .98 10 l. 602 .095 25 
15942180 12 . 20 1. 313 
1594218 9. 47 12.99 . 99 6 . 785 . 080 86 
15942180 12.20 . 621 
1596300 18.94 22 .29 .99 5 1. 425 . 075 42 
15963000 11.30 l. 260 
1598400 15.36 16.22 .98 1:! 1.003 .065 61 
15984000 17.41 .576 
1600000 6 . 37 3.60 . 99 25 .339 .053 120 
16100000 9.47 -.158 
16300000 10.80 -.541 
16614001 6.14 . 442 
17403000 8.56 -.112 
17448600 14. 32 .038 
17460000 12 . 34 -. 444 
17720002 9. 71 .023 
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Table continued 

1 2 3 4 s 6 7 

CSU ID Mean Variance Cor Cof Case Coeff Increase Increase Years 
Runoff Ratio Eva1. 

17900000 7. 08 1. 029 
18036000 10.69 -.349 
18054000 15. 82 -.135 
18500000 6.80 . 745 
19500000 9.76 . 738 
1650000 5.59 3. 08 . 96 24 .326 .058 111 
17403000 8.56 o. 
17448600 14.32 .075 
17460000 12.34 -. 304 
17720002 9. 71 o. 
17900000 7.08 .178 
18036000 10.69 -. 101 
18054000 15.82 -.043 
18500000 6. 80 . 427 
19500000 9.76 . 362 
1700000 5.98 7.32 . 96 25 . 467 . 078 129 
17403000 8.56 - .061 
17460000 12.34 -.217 
18036000 10.69 .311 
18054000 15.82 . 128 
19500000 9.76 .258 
1740000 8.15 4.67 . 98 17 . 824 . 101 26 
17403000 8. 56 . 120 
17448600 14. 32 . 278 
17460000 12.34 .262 
1742100 8. 29 6. 21 . 98 21 . 784 . 095 38 
17448600 14.32 .338 
17460000 12.34 . 243 
1743900 8. 64 9.13 . 98 15 1.034 . 120 32-
17448600 14.32 .268 
17460000 12.34 .527 
1744800 11.85 11.24 . 98 8 .965 . 081 46 
17448600 14.32 .674 
1744815 9.80 9.68 . 99 7 1. 403 .143 18 
17448600 14. 32 . 980 
1745400 8.90 5.95 . 98 14 . 856 . 096 31 
17460000 12.34 .694 
1745700 6. 82 5. 02 . 98 7 1. 514 .222 8 
17460000 12.34 1.220 
1770000 5 . 57 6.33 . 95 16 .326 .059 228 
17720002 9 . 71 .336 
1790000 9 . 03 7. 63 . 98 25 .655 .073 68 
18036000 10. 69 . 332 
18054000 15.82 -.201 
18500000 6.80 . 585 
19500000 9 . 76 . 226 
1800000 7 . 26 5.21 . 98 18 . 738 .102 36 
18036000 10.69 .374 
18054000 15.82 . 214 
1801800 19.00 19.60 . 98 21 1. 381 .073 39 
18036000 10.69 1. 292 
1801816 3. 98 22 . 89 . 90 30 . 649 .163 208 
18036000 10.69 . 607 
1820000 11.58 9 .96 .97 20 . ~32 . 080 44 
19500000 9 . 76 .955 
1830000 13.88 16.54 . 99 14 .978 . 078 53 
18500000 6.80 . 161 
195000()0 9.76 1. 002 
1890000 14.48 11. 46 . 993 12 . 956 .066 48 
19SOOIJOO q . 76 .980 
1920000 18. 83 21.18 . 99 8 1. 567 .083 33 
19500000 9 . 76 1.606 
1930000 16.89 23. 05 . 99 8 1. 363 . 081 47 
19500000 9 . 76 1.390 
1960000 12.28 18.66 . 97 31 .923 .075 84 
19500000 9 . 76 .946 
1073080 13. so 38 . 37 . 97 14 1.146 . 085 112 
10734560 11.65 .984 
1073420 12. 21 34.79 . 98 5 1.004 . 082 132 
10734560 11.65 . 862 
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1 2 3 4 5 6 7 8 9 

CSU ID Mean Variance Cor Cof Case Coeff Increase Increase Years 
Runoff Ratio Eva1 . 

1073448 8.91 22.00 . 96 19 . 984 .110 87 
10734560 11.65 . 565 
10734641 18. 60 . 175 
1073460 15 . 91 36 . 36 .99 11 1. 495 .094 62 
10734641 18. 60 . 804 
1075830 12 . 47 26 . 43 . 97 22 1. 010 . 081 99 
10758400 15.47 . 653 

'1076420 9.02 25 . 30 .97 22 . 878 . 097 126 
10758400 15. 47 . 290 
10774000 11.90 - . 081 
10778600 30.56 .172 
1077015 9.37 17.80 .97 25 . 939 .100 77 
10774000 11 . 90 .571 
10778600 30.53 . 085 
1077200 8.64 24.35 .97 13 1. 019 .118 90 
10774000 11.90 .856 
1077250 15 . 39 47 . 06 . 97 25 1. 305 .085 106 
10774000 11.90 1. 097 
1077400 13. 66 40.00 . 98 25 1.460 . 107 72 
10774000 11. 90 - .142 
10776001 13. 78 .699 
10778600 30 . 53 . 218 
1272440 5.46 27.64 .91 15 1. 142 . 209 81 
12724602 15.69 .728 
1272445 7.39 7. 76 . 98 9 .555 .075 96 
12724450 7.30 .189 
12724602 15.69 .266 
1278800 13.57 39.08 . 96 13 1.571 .116 60 
12788000 15.33 1.025 
1371530 2.94 2.41 .93 9 . 234 . 079 169 
12724450 7.30 - . 117 
13715600 11.69 . 273 
1371555 9.19 2.93 . 99 6 1. 158 . 126 8 
13715600 11 . 69 .991 
1762500 4.04 3.84 . 96 11 . 310 .077 153 
18036000 10.69 .125 
18054000 18. 52 . 095 
1800900 5. 71 4. 13 . 94 10 . 509 . 089 61 
18036000 10. 69 .476 
1801800 19 . 00 19.60 .98 21 l. 381 .073 39 
18036000 10.69 1. 292 
1801816 8.98 22.89 . 90 30 . 649 .072 208 
18036000 10. 69 . 607 
1802730 9.27 12.31 . 94 31 . 662 . 071 108 
18036000 10 .69 . 619 
1804500 5.05 18.41 . 81 31 . 753 . 149 124 
18054000 15. 82 .476 
1805400 10. 99 44.69 .86 22 .261 .024 2019 
18054000 15. 82 .165 
1810000 2. 72 9. 10 .78 11 . 549 . 202 115 
18500000 6.80 . 808 
1850000 6.42 8. 22 .99 5 . 854 .133 43 
19500000 9 . 76 . 875 
1866000 19 . 94 20 . 23 .99 18 1. 528 .077 33 
19500000 9 . 76 1. 566 
1880000 10. 36 16.47 .99 5 . 949 .092 70 
18500000 6.80 l. 395 
1920000 18.83 21. 18 . 99 8 1.566 .083 33 
19500000 9.76 1. 605 
1930000 16. 89 23 . 05 . 99 8 1 .363 .081 47 
19500000 9 . 76 1. 397 
1960000 12 . 28 18.66 . 97 18 . 923 . 075 84 
19500000 9 . 76 . 946 
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Table conti nued 
1 2 3 4 5 6 7 8 9 

CSU ID Mean Variance Cor. Coef Case Coeff Increase Increase Years 
Runoff Ratio Eval. 

1072030 7.10 15.86 . 91 14 . 81 . 114 92 
10724000 3. 94 2.05 
1072045 7.09 20.67 .97 14 .69 .098 164 
10724000 3.94 1. 76 
1072060 11.36 31.71 . 99 14 1. 07 .094 lOS 
10724000 3.94 2. 72 
1073412 2.94 2.96 .95 15 . 290 .099 134 
10734360 11.06 .26 
1076400 8. 98 7. 97 .97 15 . 840 .094 43 
10770000 9.37 . 89 
1082075 6. 70 3. 67 .94 14 .510 . 076 54 
10810001 6. 15 .82 
1086000 . 69 .13 .95 10 . 062 .089 132 
10810001 6.15 . 10 
1148100 1. 73 .16 .95 9 .121 .070 41 
11463000 3. 44 . 35 
1160133 4.90 4.13 .95 17 . 368 .075 117 
11601420 4.29 . 85 
1160142 2.36 4.44 . 89 11 .242 .102 292 
11601420 4.29 .56 
1160145 5.42 5. 12 . 95 32 .379 . 070 137 
11601420 4.29 .88 
1160181 1. 88 . 914 .914 12 .072 .072 428 
11601420 4.29 .16 
1160184 5.11 4. 77 . 94 55 .367 .072 136 
11601420 4.29 .85 
1160190 22.97 22 .40 . 97 10 1. 716 .075 29 
11601420 4.29 4. 00 
1160765 8.37 13.50 . 95 26 .691 .083 108 
11607150 5. 19 1. 33 
1160770 12.98 33 . 18 .96 24 1. 090 .085 105 
11607150 5.19 2.10 
1161250 . 41 .07 . 91 14 . 056 .137 84 
11615004 5.47 .10 
1161530 2.41 1. 44 .95 15 . 227 .094 107 
11615550 12. 25 . 18 
1161540 5.15 5.87 . 95 15 . 409 .079 134 
11615550 12.25 .33 
1161545 14.34 16.07 .98 13 1.137 . 079 47 
11615550 12.25 .92 
1161550 16.59 12.01 .98 10 1. 029 .062 43 
11615550 12.25 . 84 
1161555 10.20 10.31 .98 13 . 773 .076 66 
11615550 12. 25 .63 
1161560 10. 74 9 . 50 .98 13 . 829 . 077 53 
11615550 12.25 .67 
1161570 11.51 14.92 .!JS 13 .804 .070 88 
11615550 12.25 . 65 
1161709 9. 77 18. 74 .95 51 . 667 .068 162 
11617140 7. 23 .92 
1161710 6. 86 7.12 . 96 9 .582 . 085 80 
1161 7]110 7.23 . 80 
1161718 8.15 7. 11 .98 35 . 612 . 075 72 
11617140 7.23 . 84 
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1 2 3 4 5 6 7 8 9 

CSU ID Mean Var iance Cor Cof Case Coeff Increase Increase Years 
Runoff Ratio Eva1. 

1161720 2. 78 2. 96 . 96 10 . 243 .087 193 
11617250 3.24 . 74 
1161721 9.24 10. 56 .98 10 . 608 .066 109 
11617250 3. 24 1.87 
1161723 12 . 65 19 .36 .97 10 . 786 .062 120 
11617250 3.24 2.42 
1161730 8.45 7.13 . 98 20 . 753 .089 48 
11617350 9 . 95 . 75 
1161734 11.07 11.03 . 98 22 . 916 , 083 so 
11617350 9.95 .92 
1161736 5.34 4.10 . J7 13 . 365 .068 118 
11617350 9.95 . 36 
1161737 13.49 18.09 .99 13 . 995 . 074 70 
11617350 9.95 1. 0 
1161753 2.82 2. 34 .94 30 . 246 . 087 148 
11617460 4.58 .53 
1161754 2.51 3. 72 .915 18 . 259 .103 212 
11617460 4.58 . 56 
1161755 5. 52 10.98 . 94 18 .567 .103 130 
11617460 4 . 58 1. 23 
1161756 . 80 .43 . 93 10 .065 . 082 385 
11617460 4 . 58 .14 
1161761 1. 35 .42 .93 10 .101 . 075 158 
11617460 4.58 . 22 
1161778 11.37 9. 97 .98 27 . 779 . 069 63 
11617460 4 . 58 1. 70 
1161780 8.53 13.18 .96 11 . 927 .109 58 
11617460 4.58 2. 02 
1161787 6.24 7. 21 .97 19 .529 . 085 98 
11617460 4.58 1. 15 
1161788 7.82 10.31 .97 19 . 704 . 090 79 
11617460 4. 58 1. 53 
1161791 15.48 22 . 67 . 97 17 1.034 . 067 81 
11617460 4.58 2.25 
1161793 17. 13 21.22 . 96 25 . 950 . 055 90 
11617460 4. 58 2. 07 
1162205 5. 07 4.23 . 97 25 .416 . 082 93 
11622001 4,76 . 87 
1162215 3. 79 5.32 . 92 10 .390 . 103 134 
11622001 4. 76 . 82 
1162225 7.92 15.39 .96 17 . 785 . 099 95 
11622001 4.76 l. 65 
1162235 5. 40 6.93 . 952 18 .539 . 100 91 
11622001 4.76 1.13 
1162240 7.69 10.24 . 97 25 . . 633 . 082 98 
11622001 4 . 76 1. 32 
1162285 9.30 13. 09 . :>7 51 . 680 . 073 l OS 
11622001 4. 76 1. 42 
1162275 11.28 18.31 . ~) 8 12 . 655 . 058 163 
11622001 4. 76 l. 37 
1162280 10.73 19.62 . 98 12 . 590 . 055 216 
11622001 4 . 76 1. 24 
1162620 6.30 24.73 .92 10 .539 .086 327 
11623000 4. 23 1. 27 
1163212 3. 78 2. 79 . 95 11 . 306 .081 114 
11632080 6.91 .44 
1163213 21.28 39.38 .97 11 1. 419 .067 75 
11632080 6. 91 2.05 
1163214 6. 18 5.14 .97 26 .435 . 070 104 
11632080 6. "91 . 63 
1163215 4.15 2. 74 . 94 10 . 352 . 085 84 
11632080 6. 91 . 51 
1163216 3.35 2. 75 . 96 23 . 326 . 097 99 
11632080 6. 91 .47 
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1 2 3 4 5 6 7 8 9 

csu 10 ~lean Variance Cor Coef Case Coeff Increase Increase Years 
Runoff Ratio for Eva1. 

1163220 l. 85 .68 . 93 12 . 200 .108 65 
11632080 6.91 . 28 
1163224 5. 12 3.83 . 96 33 .403 . 079 90 
11632080 6. 91 . 58 
1163225 11.29 11.01 .98 11 . 233 .021 779 
11632080 6. 91 .33 
1163228 11.54 6.27 .98 12 .741 .064 43 
11632610 9. 20 .so 
1163230 24.53 45 . 29 .98 10 2.037 .083 41 
11632610 9. 20 2. 21 
1163232 9 . 06 8. 33 . 98 22 .693 .076 66 
11632610 9. 20 .75 
1163234 7.39 6. 53 .97 10 . 763 .103 43 
11632610 9 . 20 . 82 
1163236 17. 85 20 . 08 . 98 10 1. 492 . 084 34 
11632610 9. 20 1. 62 
1163237 32 . 67 58.32 . 99 10 2. 685 . 082 31 
11632610 9.20 2.91 
1163238 13. 94 21.18 .98 10 .982 .070 84 
11632610 9.20 1. 06 
1163247 3.88 4.39 . 94 12 .249 .064 271 
11632610 9.20 . 27 
1163249 7.09 4.68 .98 18 .464 . 065 83 
11632610 9.20 .so 
1163252 7.92 11.51 . 97 11 . 519 . 066 164 
11632610 9.20 .56 
1163253 10.67 14 . 78 .98 10 .703 . 066 114 
11632610 9.20 . 76 
1163261 5.66 . 4. 08 . 97 10 .398 .070 98 
11632610 9.20 .43 
1163263 8.39 9 . 97 . 97 10 . 719 . 086 74 
11632850 15.17 .47 
1163264 9.08 11.30 .97 11 . 819 . 090 64 
11632850 15. 17 . 54 
1163265 9.23 9 . 40 . 97 11 . 812 .088 54 
11632850 15. 17 . 53 
1163276 37 . 50 29.84 . 99 10 3. 475 .1)93 9 
1162850 15.17 2. 29 
1163282 32.81 65 . 43 . 99 10 2.894 .088 30 
11632850 15.17 1. 90 
1163284 13. 10 15. 57 . 98 10 1. 335 .102 33 
11632850 15. 17 . 88 
1163294 6 . 00 6. 33 . 98 10 . 593 . 099 69 
11632850 15.17 . 39 
1163296 8.53 . 48 . 99 10 . 560 .066 5 
11632850 15.17 . 36 
1163298 14.59 9 . 02 . 99 12 . 84 1. 279 .088 21 
11632850 15.17 
1164400 5.69 7.27 .96 9 .188 . 033 787 
11648001 5.13 .36 
1164810 1.13 . 46 .90 36 .052 .046 645 
11648001 5.13 .10 
1164880 7.69 5.43 . 96 22 . 517 . 067 78 
11648001 5.13 1. 00 
1165425 5.02 3.70 .92 IS .381 . 076 98 
11658000 4.00 . 952 
1165430 5.68 6 . 10 . 95 19 .405 . 071 143 
11654250 4.96 .81 
1165435 7.85 7. 10 .94 12 .546 . 070 91 
11654250 1.10 
1165455 2. 88 1.77 .92 16 .199 .069 171 
11654250 4.96 . 40 
1165465 6.38 2.91 . 96 25 . 370 .058 81 
11654250 4.96 .74 
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2 3 4 5 6 7 8 9 

CSU ID Mean Variance Cor Cof Case Coeff Increase Increase Years for 
Runoff Ratio Eval. 

11654 70 9.18 6.09 . 96 25 . 558 . 061 75 
11654250 4.96 1. 12 
1165480 3.30 .4. 98 . 89 18 . 185 .056 561 
11654250 4.96 .37 
1165485 10. 78 5.11 . 96 25 .685 .064 41 
11654250 4.96 1. 38 
1166236 10.45 8.17 . 96 25 . 573 .055 95 
11662180 3. 78 1. 51 
1166254 2.85 1. 07 .97 11 .257 .090 62 
11662180 3.78 .67 
1166272 9 . 67 7. 32 .95 25 . 544 .056 94 
11662180 3.78 1. 44 
1166630 3.89 2. 53 .93 13 .432 .111 52 
11673000 3. 85 1. 12 
1167030 4.11 3. 29 . 94 9 . 402 .098 78 
11673000 3.85 1. 04 
1167460 8. 22 12. 50 . 96 15 . 927 .113 55 
11673000 3.85 2.40 
116 7600 9.96 12.22 . 933 33 .563 .057 147 
116 78450 5.29 1. 06 
1167806 5. 39 3.82 .97 10 .510 .095 56 
11678450 5.29 .965 
116 7809 11.93 14.20 .95 26 .590 .049 156 
11678450 5.29 1.11 
1167815 14.90 16. 93 .96 26 .753 .051 114 
11678450 5.29 1. 42 
1167818 18.41 45.45 . 98 10 1. 597 .087 68 
11678450 5.29 3. 01 
1167821 16 . 55 13.52 . 96 25 . 789 . 048 83 
11678450 5.29 1. 49 
1167836 12.53 11.40 . 95 26 .530 .042 156 
11678450 5.29 1. 00 
1167842 13.73 10.61 .96 26 .589 .043 117 
11678450 5.29 1.11 
1167854 24. 17 26.66 .98 10 1. 789 .074 32 
11678450 5. 29 3.38 
1167875 15.72 4. 06 . 95 26 . 650 . 041 36 
1}678450 5.29 l. 22 
1168060 3. 64 5. 5\l .92 16 .418 .115 122 
11690000 9. 79 .42 
1 1684 30 5.93 9. 01 . 96 23 . 617 .104 90 
11690000 9. 79 .63 
1168460 17 . 90 ~1. 07 .99 10 2. 191 .122 24 
11690000 9. 79 2. 23 
1168600 2.62 3.40 . 90 16 . 310 .118 135 
11690000 9. 79 .31 
1200000 .39 . 05 .96 10 .037 .094 142 
12100000 5.32 . 06 
1203000 l. 29 .55 . 93 15 .122 . 094 142 
12100000 5.32 .22 
1206000 2.80 3.48 . 93 10 .290 . 104 158 
12100000 5.32 .54 
1270800 2.38 2.18 .97 9 . 220 .092 173 
12100000 5.32 . 41 
1272405 3. 37 8.32 . 9 1 10 . 821 .244 47 
12724602 16.59 . 49 
1272425 1. 78 l. 26 .90 11 .196 . 110 126 
12724602 16. 59 . 11 
1272435 6. 28 21.98 . 94 10 1. 083 . 173 71 
12724602 16.59 .65 
1272450 2. 94 2. 77 .91 lO . 382 .130 73 
12724602 16.59 .23 
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1 2 3 4 5 6 7 8 9 

CSU ID Mean Variance Cor Co£ Case Coeff Increase Increase Years 
Runof f Ratio Eva1. 

1273230 3.38 5.25 . 93 10 . 229 . 068 384 
12732001 6.09 . 37 
1274830 . 99 .41 .91 10 . 066 .067 357 
12732001 6.09 .10 
1276400 4. 80 4. 75 . 93 10 .228 . 048 349 
127.32001 6.09 .37 
1370300 6.49 8.42 . 94 48 . 444 .068 164 
13 715052 5. 15 . 86 
1371500 1. 51 .56 .95 25 .128 .085 131 
13715052 5. 15 .24 
1371520 5.96 4 . 60 . 96 52 . 435 . 073 93 
13715052 5.15 . 84' 
1371545 11. 94 16 . 67 . 97 17 . 956 .080 70 
13715052 5.15 1. 85 
1371550 7.81 6.02 .97 10 .617 .079 60 
13715052 5. 15 l. 19 
1371560 22 . 06 8.79 .~8 16 1. 510 . 068 14 
13715052 5.15 2.93 
1371565 25 . 60 9 . 42 .98 10 1. 814 . 071 10 
13715052 5. 15 3.52 
1371570 21.86 12.93 .98 14 1. 418 . 065 24 
13715052 5. 15 2.75 
1371575 17.02 23 . 19 . 98 10 1.360 . 080 48 
13715052 5. 15 2.64 
1371815 15.20 29.11 .97 25 . 926 . 061 130 
13715052 5.15 1. 79 
1371835 7.01 11.41 .97 10 . 540 .077 150 
13718100 6.70 . 80 
1371845 6.69 9.~0 .97 10 .553 .083 124 
13718100 6.70 .82 
1371855 12. 15 22 . 83 . 98 10 .888 .073 111 
13718100 6.70 1. 32 
1371870 7. 03 11.23 .97 10 .509 . 072 166 
13718100 6. 70 . 76 
1371890 6.58 12.93 .96 10 .527 . 080 179 
13718100 6. 70 .78 
1373020 15 . 36 28.04 . 97 20 1.424 . 093 53 
13730212 9.62 1. 48 
1373025 6.60 3.61 .98 11 .656 . 099 32 
13730212 9.62 .682 
1373080 7.16 16.08 . 94 10 . 367 .051 457 
13730212 9. 62 .38 
1373085 7.56 6. 72 . 97 19 . 646 .085 . 61 
13730212 9.62 .67 
1373360 11. 35 20.96 .97 29 .941 .083 90 
13730212 9. 62 .97 
1374275 14.62 35.42 .99 10 .569 .039 420 
13730212 9. 62 .59 
1374800 11.13 20 . 70 . 97 19 . 746 . 067 143 
13730212 9.62 .77 
1375400 7. 47 6 . 62 . 96 27 . 588 . 079 73 
13772400 8. 71 .67 
1375750 11. 61 30 . 69 .96 10 .822 . 071 174 
13772400 8. 71 .94 
1376000 2. 68 2 .32 .90 18 .247 . 092 145 
13772400 8.71 .28 
1376050 4.93 6. 15 .94 10 . 313 . 063 241 
13772400 8. 71 .35 
1377210 1. 41 .63 .92 10 . 179 . 127 75 
13772400 8.71 . 20 
1377250 l. 42 . 64 .92 10 .131 . 092 144 
13772400 8. 71 .15 
1377270 2. 46 1. 65 . 94 10 . 192 . 078 171 
13772400 8.71 .22 
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2 3 4 5 6 7 8 9 

CSU I D Mean Variance Cor Cof Case Coeff Increase Incr ease Years for 
Runoff Ratio Eva l. 

1377280 3.99 3. 13 .93 27 . 225 .056 237 
13775000 5. 18 .43 
1377825 7. 66 6.75 . 98 10 . 717 . 044 so 
13775000 5. 18 1. 38 
1377850 10 . 38 28 . 99 . 92 10 . 440 .042 574 
13775000 5. 18 . 85 
1378130 12 . 36 14.51 . 97 11 .828 .067 81 
13781450 14. 25 .58 
1378160 24 . 89 6. 41 .96 10 1. 743 . 070 8 
13781450 14. 25 1. 22 
1379000 6. 88 5.08 . 97 26 . 540 . 078 66 
13781450 14 . 25 . 37 
1420800 12.32 10. 11 . 98 23 1.178 .096 27 
14250000 8.79 1. 34 
1423260 7. 26 4. 74 . 98 10 . 757 . 104 31 
14250000 8. 79 . 86 
1424050 7. 47 2.86 . 98 13 . 806 .108 16 
14250000 8. 79 .91 
1424820 16. 58 14.51 . 98 12 1. 554 .094 23 
14250000 8. 79 1. 76 
1425600 8. 57 21.39 .96 9 . 793 . 093 130 
14250000 8. 79 . 90 
1425625 4. 11 4. 58 .94 43 .431 .105 94 
14250000 8. 79 .49 
1425675 5. 54 13. 05 .91 10 . 527 . 095 180 
14250000 8. 79 .59 
1426400 13. 09 27.35 . 96 39 1. 137 . 087 81 
14250000 8.79 1. 29 
1428800 6. 20 13 . 47 . 93 10 .637 .103 127 
14250000 8. 79 . 72 
1480000 7. 36 16. 22 . 94 10 .645 .088 149 
14900000 6. 36 1. 01 
1500000 5.68 5.92 . 96 12 .{)83 .120 48 
15963000 11.30 .60 
1510000 1. 24 .13 . 98 12 . 113 .108 28 
15963000 11. 30 .11 
1515050 6. 01 2.10 .97 10 . 619 .103 21 
15963000 11.30 . 54 
1554500 5. 34 7.13 . 95 9 .655 .123 63 
15963000 11.30 . 58 
1556000 10.77 10.29 . 95 9 1. 259 . 117 24 
15963000 11.30 1.14 
1560000 3. 80 5. 50 . 89 10 . 297 . 078 239 
15963000 11 . 30 . 26 
1570000 6.12 6. 36 .94 10 .537 .088 84 
15963000 11.30 .47 
1580000 11.70 19.26 . 96 10 1.072 . 092 64 
15963000 11.30 .94 
1590700 6.15 8.57 . 96 10 . 793 .129 52 
15963000 11.30 .70 
1594206 10. 25 11.38 . 97 10 . 899 .088 54 
15963000 11.30 . 79 
1594218 9.85 12.10 . 98 10 1.113 . 113 37 
15963000 11.30 . 98 
1594224 19 . 34 31.31 . 98 10 1. 832 .095 35 
15963000 11 . 30 1. 62 
1594236 15.19 21.10 . 97 17 . 972 .064 85 
15963000 11. 30 .86 
1594260 15.84 20.25 .98 17 1.133 .072 60 
15963000 11 . 30 1. 06 
1660000 6. 05 4.11 . 97 18 . 612 . 101 42 
166114001 6. 14 . 99 
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Table continued 

1 2 3 4 5 6 7 8 9 

CSU ID Mean Variance Cor Co£ Case Coeff Increase Increase Years for 
Runoff Ratio !::val. 

1662150 5.18 ,3 . 83 . 96 14 . 532 .103 51 
16614001 6.14 .86 
1662800 11.29 5. 26 .98 14 . 510 . 045 77 
16614001 6.14 .83 
1664900 14.82 12.99 .98 12 l. 232 .083 32 
16614001 6.14 2.00 
1664960 16.59 25.13 . 97 9 l. 370 .083 51 
16614001 6.14 2. 23 
1664980 22 . 61 28.80 .98 9 1 . 854 .082 32 
16614001 6.14 3.02 
1666300 16.10 15.12 . 98 20 1. 442 .090 27 
16614001 6.14 2.34 
1666350 2. 32 .27 . 98 10 . 183 . 079 30 
16614001 6.14 .29 
1667000 11.91 12. 57 . 97 12 . 925 .078 56 
16614001 6.14 l. so 
1667700 8. 79 10 . 01 . 96 20 .713 . 081 75 
16614001 6.14 1.16 
1720000 10. 14 11 . 70 .97 20 1.049 .103 40 
17403000 8. 56 1. 22 
1742400 9.32 10.26 . 96 12 . 782 .084 64 
17403000 8.56 .91 
1742700 17.09 9 . 82 . 99 9 . 966 .056 40 
17403000 8.56 1.12 
1743000 15.62 11.87 . 98 14 1.344 .086 25 
17403000 8.56 1. 57 
1743300 12.24 6.21 . 97 9 .831 .068 34 
17403000 8.56 0 97 
1743600 11. 76 4. 83 .98 9 .876 .074 24 
17403000 8.56 1. 02 
1745160 10.07 8.48 . 98 13 1 . 356 . 135 17 
17403000 8.56 1. 58 
1752000 4.96 4.00 . 95 10 . 475 .096 68 
17403000 8. 56 .55 
1754000 11.02 12.19 .98 10 1. 158 .105 34 
17403000 8.56 1. 35 
1758000 7. 22 6.05 . 96 10 . 781 .108 38 
17403000 8. 56 . 91 
1760000 2.86 l. so .94 19 . 275 . 096 76 
17403000 8. 56 . 32 
1767500 5.94 6.89 .96 11 . 815 .137 39 
17403000 8. 56 . 95 
1775000 13. 60 5. 41 . 98 10 1. 033 . 076 19 
17403000 8.56 1. 20 
1776000 11.80 11.25 . 97 31 .985 .083 44 
18036000 10.69 .92 
1777000 14.91 37.97 . 94 9 1. 497 .100 65 
18036000 1(1 . 69 1. 40 
1780000 4.97 6. 77 .91 10 . 797 . 160 40 
17403000 8. 56 .93 
1801808 8. 24 7.45 . 97 26 .557 .068 92 
18036000 10.69 . 52 
1817500 7.16 4.78 .98 19 . 729 .102 34 
18036000 10 . 69 .68 
1863000 19.16 12.37 .99 10 l. 487 .078 21 
18036000 10. 69 1. 39 
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Abstract: The purpose of this study was tho determination of suitable water-
sheds or combinations of watersheds for precipitation management programs 
in the Upper Colorado River Basin in general and for two special zones: t he 
San Juan ~lountains and the Upper Basin of the Colorado River . The study shows 
that the introduction of optimal weight factors in the linear combination of 
runoff from several basins will reduce significantly the ntuaber of years 
necessary for evaluation of the operatic~~ . Assuming a uniform 10\ increase 
in winter precipitation throughout the Upper Colorado River Basi n, the 
calculations show that three years of operations would be needed in the 
Upper Basin of the Colorado versus six years in tho San Juan mountains 
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