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I. INTRODUCTION 

The prediction of stream discharges is a problem which 

has been attempted many ways. Al though most investigations 

are concerned with floods, droughts are also of importa11ce 

to any person with interest in a river. Business interests 
' are dependent upon the river's resources, and certainly the 

welfare of the people living adjacent to the river depends 

upon the river•s actions. There is property damage, and 

consequently financial loss, caused by both floods and 

droughts each year. The loss of human life as a result of 

the river ravages carmot be estimated monetarily. 

Correct prediction of discharges would not only provide 

safety for the people along a river, but it would also pro-

vide the information needed. for the design o.f storage facili-

ties~ ':t.ihe numerous benefits from storage are apparent ... _ 

not the least of which is flood protection. 

If a relationship could. be established which would re-

late flow amounts for a group of watersheds, the problem of 

prediction of discharges would be partially solved. The 

followj.ng analysis of ave.rage monthly flow·s attempts to 

establish such a relationship. 

Xf a particular watershed is known to vary greatly in 

its monthly discharges, its coefficient of variation is ex-

pected to be large with respect to other areas with less 
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variation in their discharges. synthesis of streamflow data 

is made from the predict.ion of the standard deviation 1¥ 

methods invol\ring techniques such as Mar1~ov c::hains., Since 

the coeffj.cemt of varH1t1on is a quotient "ti.rhich is not af-

fected by the nµmber of va.l.ues of the random va.r:table, .it. 

was the log:tc.al choice for compa . .riso11,. 

There r~mained the problem of choosing some means of 

comparing the flow parameter to the wate.r:sned. The most. 

fundamenta.1 ~sin para.met.er is the area. therefore, .it was 

the object of this pr¢Ject. to compare t.be ®efficients of 

'V"aria t!i.on to the dra.inage areas• 

A flow (au.rat.ion. curve is used to predict t.he potential 

of a stree-,,.11 for water sttpply. The flow-dura.t.;i.on curve, 

which 1 .. s obtained for a pa;t::tieular basin. is a frequency 

relationship of di.scharget it i.~ the more :basic prediction 

relationship for stream flow estimation. The shape of the 

flow-duration curve roughly ind5.cates the coefficient of 

variation for that ba$in. '1.'he :range of the discharges on 

a particular flow~~uration curve dictates the level of the 

coefficient. of variation,- therefore, it can be concluCied 

that the C.'Oe:ff:fi.eie1'lt of variation is a fui1ctibn of the 

flow~duration cur~e. 



6 

In the investigation of t.he literature on the subject 

of streamflow prediction, it was found that there exiete ... 
very little information on the topic as ~ta.ted herein., 

There is an abundance of informat.ion on flood p~ed.ictiont 

an<l there are alsQ technics.l pa.pe1:S on drought p:r.ediction~ 

however, no attempt has been maae t.o cover t.ha entire range 

from lowest to hignest. flows,. .As might be antieipated, the 

investigations into flood pr~diet.ion a:re:muoh :more tho:tough 

and span a 9:1:eater period ¢f time. :r.n tecent years, cb'ought 

studies have become the topic of roueh mo.re investigation. 

In ~..lmost every case encounteredt the drain.age ax•ea 

wa.s the parameter investigated first or the item which 

headed the list. of considetations in multiple t'egx;ession 

studies• M., A. Benson (1), .. in his flood investigations in 

the southwest, stated that the d.raina9e area size t-zas the 

roost important s;tngle factor :i.o areas of rainfall as well 

as in areas of snowmel t.,. His primary in:t.e,rest was the 

variation of flood magnitudes and frequencies." 

th c. Ma.t.alas (2) made rather. recent investi~aticns 

into low flow probability dis.tribut.ion. Ii.is approach to 

the subject differed f!'om other13 that were,eneounterec1., He 

was careful in his selection o-t area$ to be studied, but 

generally onJ.y one l:'iver was investigated throughout its 
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entire reaches" t-le then coropared his data to four theo-

retical probabilities for comparison fit.Ii> 

In other works with low-flow frequency, Hardison and 

.tt'iartin ( 3) made adjustments to clata to fit curves of dis-

charge versus the recurrence interva.1. i:£lheir wor1( was more 

general and '!A-ras developed to serve the entire eastern United 

states east of the Mississippi. Low-flow prediction was 

shown to be ver1.1 valuabl(;.~ in the estimation of impounded 

volumes needed to roaintain water supplies. 

Factors which influenced flood recurrence over a vast 

area of the easter11 trnit:.·ad states were studied b"t Benson 

(2). Al.though he used a statistical multiple regression 

met.hod of comparison, he concluded that the area of the 

drainage bas.in was of primary importance and main chann.el 

slope ·was of secondary importance.. 1~1 though other items 

were consideredt these two items were the most. significant 

to his study. 

In N'ew MeJcico, flood frequency investigi=ltions were 

published by Leon A. Wiard (8)., In the prediction of flood 

d.ischarges, the drainage '.basin a.rea was the only physical 

parameter found to be of significance t.o the flood frequency 

relationshipo The discharge function used in the flood m<:'l.g-

ni tude relationship ·was the mean annual flo.,...r. :rt was felt 

that in an area of consistent runoff, the average annual 
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runoff would be an indicator of cU,.scharge trends, but i1-i an 

area where great fluctuation occurs, a shorter time period 

was needed as a base• 

In the southeasborn United ~itates, speer and Gamble (6) 

reached the sarna conclusions about run.off amounts a11d 

draina9e area relat.ionships .as did 'i.Jia:r:d (-l) in ~few MexieO• 

!n the northeastern Dnited States, an .investigation was made 

by Soppe.t arid 1,u.11 ( 5) which paralleled this srtuqy · closely• 

The geogrttphical are&. 'titas very ca.refttlly 1n\restigated., and 

separation was ma.de by the physical cha.ractetistics of each 

section~ their thoroughness produced results with consistent 

accuracy,. 

In the light of· these studies, it \!las felt that the 

drainage area should be ·the. physical. -parameter to be com-

pared 'to the a·verage monthly flows .. 
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III• ANAL 1.7TlCAL .METHOD 

The coefficient of variation of montluy flows was the 

statistical fun.ct.ton used for comparison within a geographi-

cal area.. Attention was given to as.sure the selection of 

basins with sufficient data to yield accurate statistics. 

No basins were usec1 which had fewer than fifty monthly dis-

charge values. Within this constraint, the parameter pro-

duces a result which is not related t.o the nuznber of values 

of the random variableo The standard deviation gives an 

indication as to whethe.r the distribution of the random 

variable for an area differs appreciably from a normal dis-

tri bu.tion with standard deviation o:f urdty. The coefficient 

of variation is the quotient of the standard deviation and 

the mean of that data (7). 

It was proposed that data be examined for selected 

watershads and the value of the coefficient of variat:.ion be 

computed., A comparison was :made with a representative num-

bsr of basins for a pax:ticular reg.ion. 

A digital computer expedited the calculations of these 

statistics. To have handled this amount of data and to have 

calculated values of such magnitude as these, :by any other 

available method than that which wa.s used would have been 

far too impractical. 
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IV• INVESTIGATION' 

trhe shaded areas of Eigure l show those portions of 

each region, which were used in tl1is investigatio11. The 

selection of basins for analysis 1",yy this prop0sed method was 

not arbitrazy. Figure 2 is an example of hcw.r t.he gages were 

located in the Ohio River Basin. The select.ion Of this 
e:'{;a,m.ple was arbitrary and shows that the selection of sta ... 

tions <::overs the region under investigation as thoroughly as 

possible• It was essential 'to the success of this study 

that all variables o:E climate, geology, and precipitation 

be held as nearly constant as possible by' a careful selec-

tion of ba:sinso Basins were intentionally chosen which were 

tributary to othe:-c basins1 likewise, msins were cornpaJ:ed to 

basins in o·ther watersheds 11 

Atl,anti:.£ SlopeH, 

!11 the eastern United states, the area under con.side.ra-

tion was the Tidewater and Piedmont :t'egions of V,irgi1'lia ar1d. 

North Carolina. The selecticm of ~sin,s to study was deter-

mined w that area. which did not. fall on the mountain slo1,esf> 
~ ' . . 

No attempt was made ·to separate the Piedmont from the Tide-

wa.ter regions: an insuffieient nttmlJer of bas111s were available 

to establish a relationship ~or either area separately., ~ 

more det.ailt1"ld i.1.1vest.igation might war.rant this separate 
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cons~ideratio:n. As in every region st.ud;i.ed., ai. full range of 

areas was required.,, .tm effort t·.ras exerted to get basins of 

e':!ery intern.1ecl:i.ate size from several. r.;qua:.r.e. miles to fifteen 

hundred [~quaxe milee or larger .,.._ depending upon the region$ 

considerably mare reco.rd.e,1 data was available for the easter11 

011.i.t.ed states. Most. gaging stations in this region are 

old.ex-, and it was also noted that. generally the river was 

more e:}ttensi vely gaged than in. any other region of the 

Ohited Stateso 
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' .. 
Figure 1. Regions of United States Used for Investigation. 

Shaded regions indicate those regions used in the 
investigation. Corresponding numbers are those part numbers 
of the water supply papers. 



13 

Figure 2. Basins Under Investigation, Ohio River Basin. 

The numbers underlined are those .used for study. 



Th~ Great Plains region of the Bissouri River Basin in 

the vic:tni ty of G:toux City, Iowa, was another region studied .. 

Two items were noted~ the d.ischarge pQr squa.re mile of 

drainage a.rea ·was much less than j_n the Easti and the sea-

sonal effect on strea:mflow was appa.rent. After ca.reful con-

sic1erat.ion of th~; :lnformation obte;i.ined from this region, in-

sufficient da.ta p~ints e:d.sted to asta'k.ilish a relationship<P 

rn this a.rea the .rainfall was primaa:-ily limited to the 

spring season. A lo.r.ge percentage of the toted st.:rea.mflotr:r 

was r·ecorded during the period from March to ,July each year. 

Consequently, in an effo:.t't to establish ai. relationship for 

this req:Lor1, seasona.l examinat:i.on was me:.de. This produced 

c:issentially the same poor results. Generally the l:as;);n 

areas v-mre larger than in other regions. A great variation 

in t11ese large basH1s was not.iced., This effect was incon--

sistent 'With that which would have been. anticipated. fr.om 

eJ1,;trapola:tion in other regions., 

The Oh:lo Rive1: Basin exhtbited individual character-

is tics. In this area care was e;-re.rted to :be cert~in that-

0111~_;-· th.ose stream:3 were exa.mined which were. not. Q,ffected kr:t' 

rf2:\gulci.tion or di versi<:in. Agadn, as in the Atlantic slope 

basins, only those basins that ~it1ere completely off of the 
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western mou.1.Yl::ain slopes were considered :i.n this part of the 

study. The entire Ohio River Basin was constderad as the 

feasible :region, within th¢ limitations rnentj~oned~ Greatt::1r 

variation was noted j.n the northern reg.ion of this area. 'l'he 

terrain in this area is flatter than the :rolling, hilly 

risgion to the south . .,, Since this northern region is closta to 

the (Jreat Laic:es, the runoff in this region is affected b!t 

the laJ,es; causing more variation ii-1 the streamflow data. 

An attempt wa.s made to examine regions in the Western 

United states. For this portion cf the investigation the 

mountain slopes in Washington and Oregon were chosen to 

represent one type terraint for a different :re9ion the 

Central Valley .of Californic:, was chosen as the second 

region .. 

~acific Moun~~!}) ~l9..Q!.@.! 

In the Colwnbia River Bets.in difficulty was en.coun:t.erea: 

in findj,ng streams not drastically affected ~J diversion or 

regulation.., st.reaiJ.1s which had apprec:La:ble .regula·cion w·ere 

eliminated from consideration., It was necessary to use 

basins which were affected by c1ive.rs5.on although if diver-

sion was considerable, they were avoided. The results 

formed a straight line nezi.rly paralle.l to the area axis. 

As might be an.ticipa1_:$d, t:oo point[! of data were more 

scattered th-an in other rer;Jionso •rhis was ca.used by 
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high amount of regulation tends to retard any fluctuation of 

the discharge in some basins and. th.is was confirr1.1ed by this 

ana.lvs:J.s (see Figure 8) .<i> :rn a r~gion of high regulation, as 

this region ;is, this method of p:rediction is adequate to ac-

complish those results., It j_s not advisable ·to attempt (;tn 

Central Valley of Calif orn.ia 
·.;am= -- .... ''°'Of'' - .......... _ . lll!!ti'l "'W°* 

The central Valley c.:>f California was an area al$o regu-

lated to some minor extent. l>Iost regulat.1.on was for i:rriga-

titm and although relat:tvely insig11if:l.ca:nt, was avoirle<t., 

The smaller 1Jasins TtJeri1"l ~'lote<'.1. as rnora ve.r.iable than the 

larg~ir. 11his gives the impre,·mion th.a:t rainfall which mi.ght 

approach seriot.'tS flood levels for small basins, affected: ·c.he 
larger otations only to mir1or. degx·e.os. T~ steepness of the 

cu.r\re indicated that. flu.ct\.tation of f:rtreams was a p:coblem 

for this region~ 

Lotye~ ~:u~.ssis~4:_p~7i f'!.i.VeF 

As shown by the relatioi1ship for the lower Miss~.:::;sipp1 

River (FiqUJ::\~ 6) there was very little scatter of })Dints of 

data. Basins ·were e:i.··:.;u·nined both <:;;ast and ·west of the river, 

but care was ta.ken to stay close enough to t::.'he river so that 

tl1e topography was not a.f fected within the :r.e~~ion" The .re-

sul ts were plotted and found to re very goodt!' This. alon·:;; 
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with the closeness to fit to a straight line led the author 

to conclude with high degree of confidence that this method 

was very effective in the precli.ction of flow quantities in 

this re.; ion. h'i th the e::tperience o'.btained from the Missouri 

River, the areas were limited to two t.housand squax.·e miles. 
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V. CONCI1USIONS 

This investigation had as its primary basis tne asswnp-

tion that streamflow prediction wae dependent upon. geographi-

cal area. The regions under investigation were: 

1. Middle Atlam1t.ie slopes 

2. Missouri. River tributaries 

3. Ohio River Basin 

4. Lower Miss;lssippi River Basin 

s. Central Valley of Californta 

6. Pacific mountain slopes 

From the curves of coefficient of variation versus the 

drainage area for each geographical area, the trend was 

toward diminishi.ng variation for increasing area. The one 

exce,ption to this was the Missouri River Basin. 

After consideration of seveY:o.l plots of the data, the 

best relationship between the va:riables was the 109-log 

plot. It was apparent from this plot that the straight 

line was the best fit of the data points. The steepness of 

the graph indicated whether a stream was susceptible to 

z:-apid. fluctuations in discharge. some scatter of data 

points was noticed in all areas of investigation. It was 

felt that. if the choice of ge_ographical areas 'had. :been even 

more limited; less variation w·ould, have occurred., 



19 

In the region of Middle At1an.t.ic' slop~s, con:f:idence can 

be felt in the use of this relationsrlip. Tha fit to the 

straight line relationship shows that the points do not vary 

appreciably at any point from that line (:fl'igure 3). 

Th<:.i Missouri River Basin does not provide a x;·elation-

sbip 17..t this method. As a suggestion to the solution of the 

problem i:n this region, closer physiographic analysis is 

needed,. J'Uso it is suggested that a smaller range of basins 

be examined ( l:..,igure 4) ., 

In the Ohio River l"asin a relationship was established 

upon which much confidence can be placed. The result:ing 

plot shows that from the beginning an.d throughout the range 

of areas, the relatto11ship function accurately fits the 

data (Figure S) • 

'l.111.e lower Mississippi River basins provide a rE'!lation-

ship but not quite the range of areas as in o·t.her regions. 

The scatter of points is mode.rate JJut nevertheless the re-

lationship is establishad (Figure 6). In this area, perhaps 

more e;fffort could be exerted to eliminate this variation of 

data~ The solution would probably be to limit the geographi-

cal area to only those close to the Mississippi River: and, 

conside.r those farther away fJ;"om the river in separate 

studies. 

rn both the Central Valley of California and the P.aci-

fic mountai11 slopes, more variation of data points 011 the 
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curves occurred than is desil·abJ.e., l'his was du~ to .regula-

tion of some streams and natural, undisturbed condition ir1 

other streams. 1.rha c~;ntral Valley d.isplayed a st~eepe.r ourve 

sh<.)i1ling more fJ.uctua tion among smaller and larger basins 

(Figure 7). 

Generally, this method is quit.e useful in st.reamflow 

prediction, !ts value. is Cl.ppa.ren-c. in the several cases 

wher.e the straight line 1~e1at:.ionsh.ip was established on the 

log-log plot. In the ona ~egion v1he.re no relat:i.onship 

existed, it .is oolieved that with more constraints~ a rela-

tionship could be established. One gei"l.eral imiprovernent 

might add accuracy to the results: to take more ca.re in 

selection o:f bas;tns within a physiographic area would possi-

bly he an advantageous contribution to the result. 

:Ct is relieved that all other variables should remain 

the saxhe. l!Ji th particular reference to the time ba.se of 

st:teamflow data, it is believed that the monthly flow is 

the optimum. · To use a shorter base would cause more varia-

tion in the calculated values and possj.bly resulting in no 

conclusions being rnade. JA~ longer time period w"Ould be of 

very lit:tl•= value in flow preclictionq 'l.10 predict an average 

annual :flo-w tells very little .... if anything at all .... about 

the action of a river during that year~ 
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1. MIDDLE ATLANTIC SLOPE BASINS IN VIRGINIA AND N. CAR. 

u.s.G.s. WATER SUPPLY PAPERS 1302-03t 1722-23 

TITLE 

ACCOTINK CREEK NEAR ANNANDALE, VA 

LONG BRANCH NEAR ANNANDALE, VA 

ACCOTINK CREEK NEAR ACCOTINK STATION, VA 

CEDAR RUN NEAR WARRENTON, VA 

BROAD RUN NEAR BUCKLAND, VA 

BULL RUN NEAR MANNASSES, VA 

MATTAWOMAN CREEK NEAR POMONKEYt MD 

S FK QUANTICO CREEK , INDEPENDENT HALL, VA 

N BR CHOPAWAMSIC CRK, INDEPENDENT HALL, VA 

MIDDLE FORK CHOPAWAMSIC CREEK 

PISCATAWAY CREEK NEAR TAPPAHANNOCK, VA 

DRAGON RUN NEAR CHURCH VIEW, VA 

TOTOPOTOMY CREEK NEAR ATTLEE, VA 

DIFFICULT RUN NEAR GREAT FALLS, VA 

FOURMILE RUN AT ALEXANDRIA, VA 

CAMERON RUN AT ALEXANDRIA, VA 

CEDAR RUN NEAR CATTLETTt VA 

S BR CHOPAWAMSIC CREEK , GARRISONVILLE, VA 

BEAVERDAM RUN NEAR GARRISONVILLE, VA 

MOUNTAIN RUN NEAR CULPEPER, VA 

AREA 

23.6 

3.9 

37.o 

13.o 

50.3 

147. 

57.7 

7.5 

5.8 

4.5 

28.1 

86. 

6eO 

58.Q 

14.4 

33.7 

93.5 

2.6 

12e7 

14•7 
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CATPOINT CREEK NEAR MONTROSS, VA 

BEAVERDAM SWAMP NEAR ARKt VA 

HUDSON CREEK NEAR BOSWELLS TAVERN, VA 

MATTAPONI RIVER NEAR BEULAVILLE, VA 

OCCOQUAN CREEK NEAR OCCOQUAN, VA 

PAMUNKY RIVER NEAR HANOVER, VA 

SOUTH ANNA RIVER NEAR ASHLAND, VA 

NORTH ANNA RIVER NEAR DOSWELL, VA 

MATTAPONI RIVER NEAR BOLLING GREEN, VA 

FINE CREEK AT FINE CREEK MILLS~ VA. 

FALLING CREEK NEAR DREWRYS BLUFF, VA 

BUFFALO CREEK NEAR HAMPDEN SYDNEY, VA 

DEEP CREEK NEAR MANNBOROt VA 

SWIFT CREEK NEAR CHESTER, VA 

NOTTOWAY RIVER NEAR BURKEVILLEt VA 

NOTTOWAY RIVER NEAR MC KENNEY, VA 

STONY CREEK NEAR DINWIDDIE, VA 

SEACOCK CREEK AT UNITY, VA 

NORTH MEHERRIN RIVER NEAR KEYSVILLE, VA 

NORTH MEHERRIN RIVER NEAR LUNENBURG, VA 

SNOW CREEK AT SAGO, VA 

GOOSE CREEK NEAR HUDDLESTON, VA 

FALLING RIVER NEAR NARUNA, VA 

LITTLE FALLING CREEK AT HAT CREEK, VA 

CUB CREEK AT PHENIXt VA 

45.o 

1.1 

4.1 

619. 

546. 

1072. 

393. 

439• 

251. 

23. 

54. 

10. 

156. 

143. 

38. 

362. 

111. 

102. 

9.2 

60.0 

6Q. 

187. 

172. 

43. 

102. 
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ROANOKE CREEK AT SAXE, VA 

LEATHERWOOD CREEK NEAR OLD LIBERTY, VA 

SANDY RIVER NEAR DANVILLE, VA 

GEORGES CREEK NEAR GRETNA, VA 

TAR RIVER NEAR TAR RIVER, N C 

SAPONY CREEK NEAR NASHVILLE, N C 

ENO RIVER AT HILLSBORO, N C 

FLAT RIVER AT BAHAMA, N C 

DIAL CREEK NEAR BAHAMA, N C 

FLAT RIVER AT DAM, NEAR BAHAMA, N C 

MIDDLE CREEK NEAR CLAYTON, N C 

SLATE RIVER NEAR ARVONIA, VA 

WILLIS RIVER AT FLANAGAN MILLS, VA• 

APPOMATTOX RIVER AT FARMVILLE, VA 

APPOMATTOX RIVER AT MATTOAX, VA 

APPOMATTOX RIVER NEAR PETERSBURG, VA 

CHICKAHOMINY RIVER NEAR PROV. FORGE, VA 

NOTTOWAY RIVER NEAR STONY CREEK, VA 

NOTTOWAY RIVER NEAR SEBRELL, VA 

BLACKWATER RIVER NEAR DENDRON, VA 

BLACKWATER RIVER AT ZUNI, VA 

BLACKWATER RIVER NEAR FRANKLIN, VA 

NORTH MEHERRIN RIVER NEAR LAWRENCEVILLE, VA 

MEHERRIN RIVER AT EMPORIA, VA 

FALLING RIVER NEAR BROOKNEAL, VA 

162. 

68. 

113. 

9.2 

167. 

64e8 

66.5 

15Q. 

4.7 

171. 

so.7 
235. 

247. 

306. 

729. 

1335. 

249. 

586. 

1451. 

285. 

448. 

613. 

553. 

749. 

228. 
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BANISTER RIVER AT HALIFAX, VA 

HYCO RIVER NEAR DENNISTON, VA 

HYCO RIVER NEAR OMEGA, VA 

TAR RIVER NEAR NASHVILLEt N C 

FISHING CREEK NEAR ENFIELD, N C 

NEUSE RIVER NEAR NORTHSIDE,= N 

NEUSE RIVER NEAR CLAYTON, N c 

LITTLE RIV~R NEAR PRINCETON, N 

CONTENTNEA CREEK NEAR WILSON, N 

CONTENTNEA CREEK AT HOOKERTON, 

SWIFT CREEK NEAR VANCEBORO, N C 

c 

c 
c 

N c 

552. 

289. 

413. 

701. 

521. 

526. 

1140. 

229. 

236 • 

729. 

182. 
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2. MISSOURI RIVER BASIN IN VICINITY OF SIOUX CITY, IOWA 

u.s.G.S. WATER SUPPLY PAPERS 1309-lQ, 1729-30 

TITLE 

BAD RIVER NEAR 

BAD RIVER NEAR 

MEDICINE KNOLL 

MEDICINE CREEK 

ioJH I TE RIVER AT 

MIDLAND, s D 

FORT PIERRE, s D 

CREEK NEAi~ BLUNT, 

AT KENNEBEC, s D 

CR /\lrJ FORD, NEBR 

s D 

AREA 

1500· 

3101. 

455. 

li-65. 

313. 

WHITE RIVER BELOW COTTONWOOD CREEK, WHITNE 676. 

WHITE RIVER NEAR OGU\LA, s D 

kJH I TE RIVER NEAR KODOKA, s D 

so FK ~IJH IT E RIVER NEt'.\R ROSEBUD, $ D 

so FK ~·JHITE RIVER BELO\.>! WHITE RIVEf-<, 

PONCA CREEK AT ANOKA, NEBR 

NIOBRARA RIVER NEAR GORDON, NEBR 

BEAR CREEK NEAR ELI, NEBR 

SNAKE RIVER NEAR BURGE, NEBR 

MINNECHADUZA CREEK NEAR KILGORE, NEBR 

MINNECHADUZA CREEK AT VALENTINE, NEBR 

NIOBRARA RIVER NEAR SPARKS, NEBR 

s 

PLUM CREEK NEAR MEADVILLE; NEBR 

LONGPINE CREEK NEAR RIVERVIEW, NEBR 

KEYA PAHA RIVER NEAR HIDDEN TIMBER, S D 

D 

2200 .. 

5000. 

1020. 

1570. 

410. 

2595. 

360. 

620. 

80. 

510. 

6406. 

581. 

390. 

320. 
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KEYA PAHA RIVER AT WEWELA, S D 

NIOBRARA RIVER NEAR SPENCER, NEBR 

NIOBRARA RIVER NEAR VERDEL, NEBR 

MIDDLE LOOP RIVER NEAR SENECA, NEBR 

MIDDLE LOOP RIVER AT DUNNING, NEBR 

DISMAL RIVER NEAR GEM, NEBR 

DISMAL RIVER AT DUNNING, NEBR 

MIDDLE LOOP RIVER NEAR MILBURN, NEBf~ 

MIDOLE LOOP RIVER AT ~vAUJORTH; NEBR 

MIDDLE LOOP RIVER AT SARGENT, NEBR 

MIDDLE LOUP RIVER AT ARCADIA, NEBR 

SO LOUP RIVER NEAR CUMRO• NEBR 

SOUTH LOUP RIVER AT RAVENNA, NEBR 

MUD CREEK NEAR SWEETWATER• NEBR 

SOUTH LOUP RIVER AT ST MICHAEL, NEBR 

OAK CREEK NEAR LOUP CITYt NEBR 

OAK CREEK NEAR OANNEBROGt NEBR 

MIDDLE LOUP RIVER AT ST PAULt NEBR 

NORTH L9UP RIVER AT BREWSTER, NEBR 

NORTH LOUP RIVER AT TAYLOR, NEBR 

NORTH LOUP RIVER AT BURWELL~ NEBR 

CALMUS RIVER NEAR BURWEL~, NEBR 

NORTH LOUP RIVER AT SCOTIA, NEBR 

NORTH LOUP RIVER NEAR ST PAUL, NEBR 

SPRING CREEK AT CUSHING , NEBR 

1010. 

0400. 

0900· 

114Q. 

1160. 

1360. 

1780. 

3690. 

4340. 

4480· 

4730. 

1340. 

1660· 

1020. 

2560. 

42.9 

122. 

1120. 

1890. 

2210. 

2510. 

1260. 

4110. 

4ti:60· 

164. 
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3. OHIO RIVER BASIN 

u.s.G.5. WATER SUPPLY PAPERS 1305, 1725 

TITLE 

CHARTIERS CREEK AT CARNEGIE, PA 

MAHONING RIVER AT ALLIANCE, OHIO 

BEECH CREEK NEAR 60LRON~ OHIO 

DEER CREEK NEAR LIMAVILLEt OHIO 

MILL CREEK NEAR frERLIN CENTER, OHIO 

W BR MAHONING RIVER NEAR NEWTON FALLS, OHIO 

EAGLE CREEK AT PHALANX STATION, OHIO 

MILL CREEK AT YOUNGSTOWN, OHIO 

RACCOON CREEK AT MOFFATTS MILL, PA. 

LITTLE BEAVER CREEK NEAR LIVERPOOL, OHIO 

YELLOW CREEK NEAR HAMMONDSVILLE, OHIO 

SHORT CREEK NEAR DILLONVALE, OHIO 

WHEELING CREEK AT ELM GROVE, W VA 

CAPTINA CREEK AT ARMSTRONGS,MIL~S, OHIO 

MIDDLE ISLAND CREEK AT LITTLE, W VA 

TUSCARAWAS RIVER AT CLINTON, OHIO 

TUSCARAWAS RIVER AT MASSILLON, OHIO 

SANDY CREEK AT WAYNESBURG, OHIO 

MIDDLE BR NIMISHILLEN CREEK AT CANTON, OHIO 

NIMISHILLEN CREEKAT NORTH INDUSTRY, OHIO 

AREA 

257. 

88. 

18.8 

31.9 

19.7 

97.8 

97. 

68.4 

178. 

535. 

148. 

124. 

282. 

135. 

458. 

165. 

526. 

254. 

44.2 

l 75. 
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HOME CREEK NEAR NEW PHILADELPHIA, OHIO 

TOUBY RUN AT MANSFIELD, OHIO 

KOKOSING RIVER AT MOUNT VERNON, OHIO 

KILLBUCK CREEK AT KILLBUCK• OHIO 

MILL CREEK NEAR COSHOCTON, OHIO 

SALT FORK NEAR CAMBRIDGE, OHIO 

b/AKATOMIKA CREEK NEAR FRAZEYSBURG, OHI 0 

LITTLE SANDY RIVER NEAR GRAYSONt KY 

TYGARTS CREEK AT OLIVE HILL, KY 

TYGARTS CREEK NEAR GREENUP, KY 

SCIOTO RIVER AT LA,RUE, OHIO 

LITTLE SCIOTO RIVEF< ABOVE MARION, OHIO 

SCIOTO RIVER NEAR PROSPECTt OHIO 

MILL CREEK NEAR BELLEPOINT~ OHIO 

SCIOTO BIG RUN AT BRIGGSDALE, OHIO 

PAINT CREEK NEAR GREENFIELD, OHIO 

ROCKY FORK NEAR BARRETT$ MILLS, OHIO 

PAINT CREEK NEAR BOURNEVILLE, OHIO 

SALT CREEK AT TARLTON t OHIO 

TAR HOLLOW CREEK AT TER HOLLOW ST PARK, OHI 

OHIO BRUSH CREEK NEAR WEST U~ION, OHIO 

1.6 

5.2 

200. 

466. 

27.5 

55.6 

140· 

402. 

59.6 

242. 

255. 

10. 

571. 

181. 

11. 

251. 

141. 

808. 

10.6 

1.5 

388. 
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4• LOWER MISSISSIPPI RIVER BASIN 

u.s.G.S. WATER SUPPLY PAPERS 1311, 1731 

TITLE 

f'4ERAMEC FUVER NEAi'< STEELVILLE, MO 

MERAMEC RIVER NEAR SULLIVAN• MO 

BOURBEUSE RIVER NEAR ST JAMES, MO 

BOURBEUSE RIVER AT UNION, MO 

BIG RIVER NEAR DE SOTO, MO 

BIG RIVER AT BVRNESVILLE, MO 

CASTOR RIVER AT ZALMA( MO 

MAYFIELD CREEK AT LOVELACEVILLE, KY 

OBION CREEK AT PRYORSBURG, KY 

BAYOU DU CHIEN NEAR CLINTON, KY 

SOUTH FORK OBION RIVER NEAR GREENFIELD, TEN 

RUTHERFORD FORK OBION RIVER NEAR BRADFORD, 

NORTH FORK OBION RIVER NEAR UNION CITY, TEN 

REELFOOT CREEK NEAR SAMBURG, TENN 

SOUTHFORK FORKED DEER RIVER AT JACKSON, TEN 

SOUTH FORK FORKED DEER RIVER AT CHESTNUT BL 

NORTH FORK FORKED DEER RIVER AT TRENTON, TE 

MIDDLE FORK FORKED DEER RIVER NEAR ALAMO, T 

CANE CREEK AT RIPLEY, TENN 

WOLF RIVER AT ROSSVILLE, TENNESSEE 

AREA 

781. 

1475. 

21.3 

808. 

718. 

917. 

423. 

212. 

36.8 

68.7 

lf.31. 

203. 

480. 

110. 

574. 

1100. 

71.3 

410. 

30. 

503. 
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ST FRANCIS RIVER NEAR PATTERSON, MO 

WEST FORK WHITE RIVER AT GREENLAND, ARK 

WAR EAGLE CREEK NEAR HINDSVILLE, ARK 

WHITE RIVER NEAR ROGERS, ARK 

KINGS RIVER NEAR BERRYVILLE, ARK 

JAMES RIVER NEAR SPRINGFIELD, MO 

JAMES RIVER AT GALENA, MO 

BUFFALO RIVER NEAR ST JOE, ARK 

NORTH FORK RIVER NEAR TECUMSEH, MO 

BRYANT CREEK NEAR TECUMSEH, MO 

BLACK RIVER NEAR ANNAPOLI59 MO 

JACKS FORK AT EMINENCE, MO 

CURRENT RIVER NEAR EMINENCE, MO 

CURRENT RIVER AT VAN BUREN, MO 

SPRING RIVER AT IMBODEN, ARK 

ELEVEN POINT RIVER NEAR THOMASVILLE, MO 

ELEVEN POINT RIVER NEAR BARDLEY, MO 

ELEVEN POINT RIVER NEAR RAVENDEN SPRINGS, A 

STRAWBERRY RIVER NEAR EVENING SHADE, ARK 

PINEY FRK STRAWBERRY RIVER AT EVENING SHADE 

S TRAt>JBERRY RI VER NEAR POUGHKEEPSIE t ARK 

956. 

83. 

262. 

1020. 

532. 

246. 

987. 

825. 

561· 

570· 

484. 

398. 

1212. 

li:.>67. 

1162. 

361. 

793. 

1123. 

225. 

99. 

476. 
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5. CENTRAL VALLEY OF CALIFORNIA 

u.s.G.s. WATER SUPPLY PAPERS 1315A, 1735 

TITLE 

KERN RIVER NEAR KERNVILLE, CALIF 

SOUTH FORK KERN RIVER NEAR ONYX, CALIF 

SOVTHFORK KERN RIVER NEAR ISABELLA, CALIF 

TULE RIVER NEAR PORTERVILLE, CALIF 

MIDDLE FORK KEWEAH RIVER NEAR POHlJ !SHA CAM 

KAWEAH RIVER NEAR THREE RIVERS CALIF 

KINGS RIVER NEAR HUME, CALIF 

KINGS RIVER ABOVE NORTH FORK, CALIF 

N FK KINGS RIVER NEAR CLIFF.CAMP, CALIF 

N FK KINGS RIVER BELOW RANCHERIA CREEK, CA 

N FK KINGS CREEK ABOVE DlNKEY CREEK CAKIF 

DINKEY CREEK AT MOUTH, CALIF 

SAN ~OAQUON RIVER AT MILLER CROSSING, CALI 

GRANITE CREEK NEAR CATTLE MOUNTAIN, CALIF 

MONO CREEK NEQR VERMOLLIOf\! VALLEY, CALIF 

CHOWCHILLA RIVER NEAR BUCHANNAN DAM SITE , 

MERCED RIVER AT HAPPPY ISLES BRICGE, NEAR 

WHITE RIVER NEAR DUCOR, CALIF 

DEER CREEK NEAR CALIF HOT SPRINGS, CALIF 

N FK OF MIDDLE FORKTULE RIVER NEAR SPRINGV 

AREA 

65.0 

3o.o 
83.0 

66.0 

oo.o 
20.0 

3J.o 

56.0 

74.0 

2s.o 
46.0 

36.0 

54.o 

48.8 

92.o 

3s.o 
a1.o 
92.9 

16.9 
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SOUTH FORK TULE RIVER NEAR PORTERVILLE, CA 79.3 

SOUTH FORK TULE RIVER NEAi~ SUCCESS CALIF 09.0 

MARBLE FORK KEWEAH RIVER AT POTWISHA, CALI so.6 

NOTH FORK KAWEAH RIVER AT KAWEAH CALIF 28.0 

S FK KAWEAH RIVER NEAR THREE RIVERS, CALIF 72.7 

N. FK KINGS RIVER BELOW MEADOW BROOK, CALI 35.3 

HELMS CREEK AT SANOS MEADOW, CALIF 34.7 

RANCHERIA CREEK NEAR SMITH MEADOW, CALIF 21.3 

DINKEY CREEK AT DINKEY MEADOW, CALIF 50.B 

DEER CREEK BELOW EAST FORK, CALIF 19.0 

LOS GADOS CREEK NEQR COALINGA, CALIF 05.0 

N FK SAN JOAQUIN RIVER BELOW IRON CREEK, C 38.0 

WEST FK GRANITE CREEK NEAR TIMBER KNOB, CA 26.4 

EASJ FK GRANITE CREEK NEAR CATLE ~OUNTAIN, 15.0 

BEAR CREEK NEAR VERMILLION, CALIF 53.5 

JACKASS CREEK NEAR JACKASS MEADOW, CALIF 12.8 

CHIQUITO CREEE NEAR ARNOLD MEADOW, CALIF 59.6 

PITMAN CREEK NEAR TAMARACK, CALIF 22.7 

WISKEY CREEK NEAR NORTH FORK, CALIF 11.8 

FINE GOLD CREEK ENAR FRIANT , CALIF 92.B 

TENAYA CREEK NEAR YOSEMITE, CALIF 47.0 
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6. PACIFIC MOUNTAIN SLOPES IN WASHINGTON AND OREGON 

u.s.G.S. WATER SUPPLY PAPERS 1316t 1318, 1736., 1738 

TITLE 

210 UMATILLA RIVER AT PENDLETON, OREGON 

405 JOHM .DAY RIVER AT PICTURE GORGE 

440 MIDDLE FK JOHN DAY RIVER AT RITTER, 0 

460 N FK JOHN DAY RIVER AT MONUMENT, ORE 

465 JOHN DAY RIVER AT SERVICE CREEK ' ORE 

915 METOLIUS RIVER NEAR GRANDVIEW, ORE 

1070 KLICKTAT RIVER ABOVE WEST FORK, NEAR GLENWO 

1120 LITTLE KLICKTAT RIVER NEAR GOLDENDALE, WASH 

1130 KLICKITAT RIVER NEAR PITTt ~JASH 

1230 WHITE SALMON RIVER NEAR HUSUMt WASH 

185 WALLA WALLA RIVER NEAR TOUCHET• WASH 

200 UMATILLA RIVER ABOVE MECHAM CREEK NEAR GIBB 

395 so FK JOHN DAY RIVER NEAR DAYVILLE; 0 

790 N FK CROOKED RIVER BELOW DEEP CREEK, 0 

1270 WIND RIVER ABOVE TROUT CREEK NEAR CAHSON WA 

100 so FK ~'VALLA \il!ALLA RIVER NEAl~ MIL TON, 0) 

110 NO Fl<. vJALLA WALLA RIVER NEAR MILTON ii 0) 

130 MILL CREEK NE/AR \I/ALLA ~JALLA, WASH 

135 BLUE CRt'EK NEAR WALU:\ WALLA, \'JASH 

160 DRY CREEK NEAR WALLA WALLA, WASH 

AREA 

6;37. 

1680• 

515. 

2520. 

5090. 

324. 

151. 

78. 

1290· 

2-94· 

1660. 

125. 

590. 

264. 

108. 

63. 

42. 

60· 

11. 

48.4 
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165 E. FK TOUCHET RIVER NEAR DAYTON, WASH 

225 MC KAY CREEK NEAR PILOT ROCKt OREGON 

250 BIRCH CREEK AT RIETH, OREGON 

375 STRAWBERRY CREEK ABOVE SLIDE CREEK 

410 DESOLATION CREEK NEAR DALE OREGON 

420 CAMAS CREEK NEAR LEHMAN, OREGON 

425 CAMAS CREEK NEAR UKIAH, 0 

445 FOX CREEK AT GORGE NEAR FOX~ ORE 

750 SQUAW CREEK NEAR SISTERS, ORE 

780 BEAVER CREEK NEAR PAULINA, ORE 

785 N FK CROOKED RIVER ABOVE DEEP CREEK, 0 

955 WARM SPRINGS RIVER AT HEHE MILL 

1045 FIFTEENMILE CREEK NEAR WRENTHAM( ORE 

1050 EIGHT MILE CREEK NEAR BOYD ORE 

1125 LITTLE KLICKTAT RIVER NEAR WAHKIACUS, WASH 

1220 WHITE SALMON RIVER NEAR TROUT LAKE, WASH 

1280 PANTHER CREEK NEAR CARSON, WASH 

1340 SALMON RIVER NEAR GOVERNMENT CAMP, 0 

102. 

178. 

291. 

7. 

108. 

61. 

121. 

90.2 

54.8 

450. 

159. 

108. 

171. 

280. 

185. 

30.l 

@.7 
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MIDDLE ATLANTIC SLOPE BASINS IN VIRGINIA AtlTD NORTH CAROLINA 

No. Station 'l1itle 

1 • Accotink creel<, 
Annandale, Va. 

2,. Long Branch, Annandale 

3. Accotink Creek, 
Accotink station 

4. Cedar Run, Warrenton 

s. Broad Run, Buckland 

6. Bull Run, Manassas 

7. .Mattawoman creek, 
Pomonkey, Md.. 

8. s. FI<. Quantico Creelc 

9. .N. Br. Chopawamsic Creek 

10. Mid. F:k,. Chopwamsia Crk. 

11. Piscataway Creek 

12. Dragon Run 

13. Totopotomy Creek 

14. Difficult Run 

15. Fourmile Run 

16. Cameron Run 

17. Cedar Run 

18. s. Br. Chopawamsic 

19. Beaverdam Run 

20. Mountain Run 

Average Stand.ard Coefficient 
Deviation of Variation 

25fi08 

4,.84 

33.14 

12.05 

34.97 

3~.99 

31.45 

3.57 

28,.80 

45.57 

43.55 

14 .. 15 

26.27 

34.31 

2.22 

10~52 

15.33 

17.44 

22.34 

10.95 

28.76 

29.27 

27.64 

6.55 

4.38 

19.89 

28.32 

24.ll 

10.34 

17.80 

28.37 

1.84 

11 .. 0l 

12.0l 

o.695 

0.918 

0.674 

0.909 

o.a22 
o. 731 

0.879 

o.9se 
o.940 

0.888 

o.690 

0.621 

0.883 

o.554 

o. 731 

0,.668 

0.827 

0.829 

1.047 

o.1a3 
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No. Station Title Average Standard Coef f ieient 
Deviation of variation 

21. Catpoint creek 36.36 24.05 o.661 

22. Beaverdam Swam.9 6. 75 s.92 o.a11 
23. Hudson Cree Jc: 4,.51 3.83 0 .. 849 

24. Mattaponi River 377.52 251.34 0,6&6 

25. Occoquan creek 332.82 270.36 0.812 

26. Pa:munky River 481 .. 00 269.,59 o.560 

27. s. Anna 1Uver, Ashland 320.81 237 .. 98. o.742 

28. N. Ann.a River, Doswell 329.54 242-.95 o. 7,37 

29. Mattaponi R.i ver, 
Bolling Green 226.84 194.96 0.859 

30. Fine creek 19.20 13.49 0.102 

31. Falling Creek 38.,02 27~41 0.121 

32. Buffalo creek 45.98 24.89 o.541 

33 .. Deep creek 51.50 28,.55 o.ss4 
34. swift, Creek 46,.60 27.76 o.596 

35. Nottoway River; 
l:lurkeville 32.94 27.47 o.S34 

36. Nottoway River, 
.McKenney 44 .. 83 27.70 o.618 

37. Stony creek 42.53 26.74 o.629 

38. seacoc?~ Creek 37.65 30.98 0.823 

39. N. Meherrin River, 
Keysville~; 9,.50 7.83 0.824 

40~ N. Meherrin River, 
Lunenbury 35 .. 86 27.83 o.776 
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No. Station Title Average Standard Coefficient 
:Deviation· of Variation 

410 snow Creek 49.70 22.03 0.,443 

42. Goose creek 50.42 28.02 o •. ssG 
43. Falling River 47.45 28.00 o.sgo 
44. Little Falling R:J.vet 29~79 20.91 0.102 

45. Cub Creak 53.92 24.04 0.,446 

46.o Roanoke creek 49.87 26.03 o.s22 
47. Leatherwood Creek 45.13 26.73 o.592 

48. sandy River 52.61 27.42 o.s21 
49. Georges Cre~k. 9.37 4.22 o.4s1 
so. Tar River 43.61 2a.ao o.660 

51. Sa pony creel< 35.27 21.22 0.112 

52. Eno River 40.04 27.-0l o.674. 

53. Flat River, Bahama, N.C. 43.06 27;;94 o.649 

54. Dial Creek 4.43 4.20 0.948 

ss. Flat River at Dam 43.BO 29.14 O.fl6S 

56., Middle creeJo1;. 41,.69 26.72 o.641 

57. Slate Ri.var 217.96 163.,37 o.1so 
sa. Willis River 234,.21 lSS.34 o.so4 
59. Appomattox River, 

Farmville 275.67 193.,23 0.101 

60. Appomattox River, 
Mattoax 435.95 254;;22 o.,sa3 

61. Appomattox River, 
Petersburg 48~h31 270.64 0.,553 

62 .. Chickahominy River 251.63 192.86 0.166 
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No. Station t.ritle Average standard Coefficient 
Deviation of Variation 

63~ Nottoway River, 
stony creek 385.44 268.5& 0.697 

G4., Nottoway lU vet:, 
Sebrell 468.,42 2a2.21 o.602 

65. Black.water R .. , Dendron 262.,98 237.76 Oe904 

66., Blackwater R., Zuni 337027 271.,48 00:B05 

67. BlacJ{.water R.., Franklin 359.,61 283.l.3 o. 790 

68 0 N. Meherrin R,., 
Lawrenceville 362,.15 252.14 0 9 696 

69~ .Meherrin R•t Emporia 394.89 264.04 Oe.669 

70. FaJ.ling n., Brookneal 267.04· 201031 0<1729 

71• Banister River 405e99 238.57 0•588 

72;e Uyco R., Denniston 244.,78 227•09 0.,928 

73. Hyco R.., omega SOS.;33 251"65 0,.824 

74• Tar R,., Nashville, N.,C. 451998 269e76 0,.597 

75~ Fishing Creek 393t;09 255~11 0.649 

7 7 ..;· Neuse I-<., Clayton 

78• Little Neuse R. 

469.,97 

246.;12 

79. Ccm.tentnea Creek, Wilson 220.i-84 

80, Contentnea. Creek, 
HoOJ{erton 

81.; Swift. Creek, 
Vanceboro, N. c. 167.,:55 

263 .. 02 

272~34 

221•20 

211.64 

264.41 

19$.,94 

o. 738 

o .. sao 
o.899 

0.;958 

l.:187 
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MISSOURI RIVER Bl-1 .. SIN IN VICINITY s IOU:K CITY I IOWA 

No. Station Title Average standard Coefficient 
Deviation of Variation 

1 .. Oal< Creek., Loup City, 
Nebraska 1.60 4.14 20595 

2. Oak creek, Dannebrog 7.92 18,,.20 2,.297 

3. Bad R., .Midland, s.D. 59.92 150.15 2.506 

4. Bad R.,' Ft. Pierre, S 0 D,. 101,.53 197.37 1.944 

s. Medicine I<noll Creek 9.51 40.33 4.238 

6. Medicine Creel<: 21.03 71.Sl 3 .. 400 

7. White R., crawf o:rd 21.00 8.91 0.,424 

a. White R., Ogala $3.02 102.67 1.629 

9. White R .. , Kodoka 199.84 208.73 l.044 

10. S .FJ~. White R., Rosebud 115.07 67.02 0.,582 

ll. S.Fko White, White R., 
south Dakota 135.66 116.,34 o.sss 

12. Ponca Creel{ 54.,81 117.69 2.147 

13 .. Niobrara R. I Gordon 132.,11 50 0 32 0.,381 

14. Bear creek, Eli 11.96 10.s2 0,.904 

15. snake River 25:'3.60 23.,97 0.,094 

16,.. Minnechaduza creek, 
Kilgore a .. 10 a.21 l.,013 

17. Minnechadu.za creel<, 
Valentine 36,.09 17.9B 0.498 

18. Niobrara R., Sparks 712.Bl 244,.95 0.,344 

19. l?lumb Creek, Meadville 101.00 34.81 0.325 

20. Long pine Crk., 
Riverview 131.04 35.56 0.,271 
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No .. station •ritle Average standard Coefficient 
De via. ti on of Variation 

21. Keya Paha River, 
Hidden Timber 34.47 52.92 1 .. 535 

22. Keya Paha R., \,vewela 74.,23 93.26 1,.256 

23. Niobrara R., Spencer 436.18 313,.52 0.,677 

24<1 Niobrara R-., Verdel 420,.58 2.74,;94 o.654 

25 .. Midc.1.le Loup R .. , Seneca 197.,49 17 .. 05 0.086 

26., Middle l;OUp R.o I Dunning 389,.87 35.,33 0.091 

27., Dismal n., Gem 278,.48 16.-95 0.061 

28. Dismal R., Duri.ning 319ci76 19 .. 48 0.,061 

29,. Middle Loup R., Milburn 793.97 77-.55 0,.098 

30., Niddle lsOUp R,., 
Walworth 761.,23 164.54 0.216 

310 Middle Loup R., Sargent 761.07 185 0 67 o.244 

32. Midd.le Loup R., Arcadia 683.,59 252<194 0.,370· 

33" s. Loup R., Ctunbro 164,..10 64.89 o.395 

34. CJ ;;;;,. Loup R., Ravenna l.9$.,29 102.,40 Oo524 

35. r.'£ud Cr!~., Sweetwater 40.,19 40.,ll Ol>'998 

36. s. Loup, st. Michael 236.08 130.,37 0.,552 

37. Middle Loup R., st.Paul 447.84 307.08 o.Ga6 
38. N. Loup R.,; P..irewste.r 377099 83,.32 0.220 

39,. N,.. Loup R .. , Taylor 453.,02 129,.30 0,,285 

40. N .. Loup n ... Burwell 544,..52 159,;20 0"292 

41 .. Cal mus R., I Burwell 293_.23 45,.02 0.,154 

42 .. N., Lemp R. I Scotia 626.76 282.10 o.450 



43. 

45. 

Station Title 

Spring Creel\: 

Whi..te R,. 1 
Cottonwood C.reeic 

53 

Average standai:d 
Deviat:J.on 

567~12 317.61 

20;r42 30.,27 

Coefficient 
of Variati.on 

0•560 

1~419 

1.483 
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OfflO RIVER BASIN 

r:~o. Station 'l'itle 

1. Chartiers creeJt 

2. Mahoning River 

3. Beech creek 

4. Deer Cree!<: 

s. Mill Crk•t Berlin Ctr• 
6. w. Br. Mahoning R.,, 

Newton Falls 

7~ Eagle Creek 

a. Mill Crk • ., Youngstown 

9. Raccoon Crk. 

io. Little Beaver C.rk. 

ll. YeJ.low Crk. 

12. Shol';'t Crk., 

13. Wheeling Crk. 

14 .• captina Crk. 

15, Middle Island Crk,. 

16. Tu.scarawas R.,, Clinton 

17. Tuscarawas R1tt1. Massillon 

l8ilf sandy Crk. 

19. Mid., Br. Nimishillen, 
Canton 

20. Nimj,shill.en Crk., 
!:1. Industry 

21. Home Crk .• 

Avex-age standard Coeff :i,.ci.ent 
Dev.iation of Variation 

2eo.s1 234. 78 O.B36 

85.95 92.SB 1 •. 001 

18.67 20.75 l.tlll 

31 0 96 31.94 0.999 

18.63 20.~9 1.125 

l00.19 104 .• 14 1.040 

106.SO 107.20 1.,007 

63.41 70.65 l.114 

195.43 178.49 o.913 

351.62 2e1.os 0.199 

165.31 164.25 0,994 

126.65 117.,67 0.929 

:286.~7 267.,7B o.933 
•' 

153.04 149.10 o.974 

319.61 282.36 o.sae 
142.45 122.50 o.S60 

349.0l. 247.72 0.110 

260.22 240.97 0.926 

34.37 33.26 o.968 

167.76 123.53 o.736 

l.34 1.63 i.216 
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No .. station Title Avera9e star1d.ard Coefficient 
Deviation of variation 

22. Touby Run 4,86 s.24 l.016 

23. Kokosing R. 176.32 170.37 o.966 

24. Killbuck Crk 41 292.43 251.09 0.,859 

2r: ::>. Nill Crk. 29.,03 30083 l,,J.00 

26. Salt lt'"l:. 4t3.45 45.10 o.931 

27., Wal<:.atomil-c.a C:rJ.;. 146c;07 151.,58 l.038 

280 Little sandy 1~. 2S3.64 287.98 l.015 

29.;, fyga.rts C.rlt,, I Olive !~,ill 74.13 73.ao 0.996 

30. Tygarts CJ:k,,, Greenup 226067 249.71 l.102 

31. Scioto R., La.Rue 200.51 230.06 1.147 

32. Little Scioto .... 
l~ •; Mario1l Sl.50 70"'46 10368 

33,. Scioto .R. I Prospect. 275.85 212.14 o.9B6 

34. Hill Creek 153.3B 193.15 i.259 

35. Scioto Big- Run l0.98 15.,26 1,,389 

36. Paint Cxk •, Greenfield 194.SS 232.,40 1.194 

37;,; .ftoc1~y E'K., 148.63 106.91 1.123 

38. Paint Crk., BOurneville 322,64 272 ~6.:;t o.s4s 
39. Salt Crk. 1 Tarlton l0.14 ll.8~ 1.166 

40, 'l'ar Hollow Crk• 1.,22 1.66 l.364 

41. Ohio Brush Cr!<:.,. 292.29 274.79 0.,940 
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Pl;.CXFIC I-10UNTA!N SLOPES IN WA·S.H!NG'l'ON AND OREGOE! 

No., station Title Average standard Coefficient 
De'i1'iation of Variation 

1. Umatilla R~., 
Pendleton, O;r:ego:n. 291.54 270Ci91 0.929 

2., John Day R,1 
:Picture Gorge 298.157 264.,.23 0.885 

3. Hid., Fk., John Day n.. 205.84 237.74 l.155 

4 .. r:1. F'k• John Day R. 344.84 269.-04 0;;780 

s. John Day R,.' service c. 415.28 269.i84 o .. 6so 
6. Metolius R~., Grandview 452.91 203.76 0 .. 450 

1. K1ic1~itat R •. 265,.70 199.,07 0$749 

8., Little Klick:ttat '!!I 
L'\" 64e.81 75.54 1,166 

9. KlicJ~itat R,. 559-97 294026 o.S2G 

10., White Salmon R+ 549.81 255,.04 o.464 

11. Walla h'alla R .• 322.11 301,03 0_.;935 

12,, Umatilla p •• 225,.62 201@29 0.,892 

13 •. sf! FJc. ,John Day R. 159.25 192;,;;09 1,.206 

14. N. FJc:: • Crooked a. 142~22 203,.72 i.432 

1s. Nind R. 399.,53 284.81 Oc;7l3 

16 •. s. FK. Walla Walla R.., 43.99 31 .. 13 0.708 

17 .. N.., Fk., Walla Walla n. 31.55 28e36 0,.899 

18. Nill CrJ(,, 46.94 23.55 o .. so2 
19. Blue Crk,, 15.85 17.02 l.073 

20. D.t:! Crl~. 23.14 23.93 i.03.4 

21 .. Eo Flc .• Touchet R• 48.80 23. 79 0.488 



stat:i.oti TitJ.e 

24., st:rawoorry Cr.i<:• 

25. Desolation .Ork• 

28-,. Fox. CrJ<.• 

29., Squaw Cr!>i: • 

30., 13eavet' .c:mt.,. 
31.. N.·Fk• crooked R1t 
$2.i Warm Spring#l ll• 

33. F:Lf teemnil.e Ct"k• 

34.• F.ightmile Crl-t.+ 

35., Lj.tt.le K3.icJd.tat Rl; 

:S~.~ t~i te. salmon R• 
· 37,., :Panther· cr1<: • 

3S.. Salmon ~iver 
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Average · standa:ttd 
Deviat;.ion 

29 •. 79 

23,.02 

ao.41 
23.26 

. 32,..,76 

17.:01 

Sl.:7a 
26,.:.34 

.28,,.4l 

'$7 .• 6~ 

3!5..0.9.·· '{•'" 

23,.03 
' . •'1.' . 

4Q.6l 

24.~.45 

26 •. 91 

~9~.$5 

2!i<j,3a 

.28.,65 

27.,16 

29.42 
. t)'O' 

22 ... sa 
2~,,93 

2~.~49 

Coefficient 
of VaJ;"iat:l.on 

l<t037 

1.,212 

1~369 

o,.a04 

l .• 157 

0.902 

1.492 

o.4.~9 

l.,,052 

i.ooa 
o .• 7.3a 

o.sis 
011577 



Noc. station Title· 

l~ J.v1eramec R,.,, steel ville, 
Missouri 

'") "'• Maramec it., Sullivan 

3. Bourbeuse R~, St~ James 
4. Bouroouse R •• Union 

5 • Big R•t DeSoto 

6. Big :R.,, Byrnes ville 

1. castor R .. , Zalma 

a. !"Iayfield Crk~ 

9,. Obion CrR~ 

10. Bayou du Chien .. , 

11. s. Fk; O:bio11 R. 

12. Rutherf o:rd Flt, Ob.ion R,. 

13!0 t:r. FR:1t Obion a. 
14. lleelfoot Crk• 

15"' s. Fl:~ For:k;ed Deet' R., 
Jackso;.1 

16,. s,. JJ'l<.. to.rJted Di=:er R., 
Chestnut Bluff 

171! :N ... Fl~• l"orked 1'.>ee~ :a.~ 
1:rento11 

18,i· Mid. Fk;;, Fork; ea Deer R.; 
Alamo 

19. cane Crk., Ripley 

20" Wolf n..; Possville 

Average standard Coefficient 
Deviation of Variation 

36B.Sl 241.43 o.Gss 
476935 2sa.02 o.soo 
1s.10 28 70 .. l.586 

312.38 277.96 o .. a9o 
399._97 266eS4 0"'696 

394.45 259,.29 o.a14 
294,.13 248~03 o.843 

189,,63 232.60 li225 

·32.1a 46,76 1..453 

67.,37 101.26 lA!l59 

331.76 251.,12 011!757 

2lli53 223,60 i.os7 
335 .. 94 2~2i;,05 0.120 

ioa.s1 130,64 i.204 

36S~.i:l4 247.07 0,.635 

473.14 252,.25 0,.533 

104.SS 119.,60 l.l-44 

334.09 2$1.,78 o.754 

49·21 • Sfj•SS 1,.211 

407.20 244.10 0.,600 



No.- station. Title 

21. st~ Francis R., 
P.at:.terson 

22. w. Fk •. Nn:i.t.e :a. 
23. war Eagle Crk,. 

24. White River, Rogers 

2s. Kings R., Berry'7ille 

26. James R•; springf iela 

27. James R., Galena 
28,. Buffalo R.,, st. Joa 

29. No Fork R., Teeur."tlseh 

30. Bryant Crk• 
31. Black R~, Annapolis,, Moo 

329 JacJ~s Fk• 

33. Current :a.t Eminence 

34. current R., Van Duren 

35 . . Spring R.;. Imboden 

36. Eleve11 Pt.R.. ,Thomasville 

37., Ele,1en Pt.RH Eardley 

33. Eleven Pt. c.R., Ra. venden 

39. strawberry R".' Evening Shade 

40.; Piney F:k.; 
strawberry R. 

41. Strawbet"ry R., 
Poughkeepsie 

59 

Average standard co.efficient 
Devia•l:,ion of variation 

350.06 278.83 Oo796 

i11.a7 152.,76 1•296 

230~83 254.,31 l,.102 

333.22 275.;73 o .• s2a 
322.os 293· l.3 • o.910 
162.;97 196.99 i.209 

380.55 259.46 01;682 

3as.as 303.93 0•198 

488.41 223.20 o.457 

3611100 228.,67 o.633 

378.59 263u31 0~696 

329,58 219.26 o.c;.E>s 
549.aBS 212,10_ o.495 

551~01 303.32 o.,sso 
487.64 256,.62 o.s26 
95.03 137.37 i.446 

462.,94 239.64 Oo516 

5l5.36 25$.54 o,.so2 

189-99 .. 216.46 l._:139 

97.09 132~33 l.363 

326.45 260.64 Ow798 



No. station Title 

1. Kern R., KernV'llle . , 
California 

2 ... S.;; F'~. Kern R., Ony~~ 

3 .. s. Fk,. Kern. n..,, Isabell.a 

4;;; Tule n.,, Porterville 

s., Mid. FI<!. l<e:waab Rw 

6. Keweah Rii. 1 Three Rivers 

7-. Kings ~., .Hume 

Bo Kings R•-· !~ .• Fl<:,e 

9c. t~.; i'k. Kings R., 
Cliff Camp 

10.,. M ~ Fk• Ki&'l9$ n., 
Rancheria 

ll., N.;; l?k-. Kings ~-. :Oinkey Cr?.:. 

12., Oiatcey Crk.: 1 Mouth 

13. San Joac;i"Uin a. 
l.4. Gt'a.nite Crk,-

15~ Mono CJ;J{• 

16. Chowqh1lla R~ 

17.., Merced lih 

1a. White R11 Pucor 

19. Deer Crk • 
.. 

20. ~h Fk. Tt.1le R" 

60 

.i\verage standard Coef:eicient 
Deviation of Variation 

369_.15 ~27.,$2 o.616 

91.76 143.SO l.567 

9J..30 1ss~e3 1.740 

l34:,B7 179 .• 26 l.329 

154_,..69 177.i.45 1.147 

283.20 266..,27 O<t940 

382.,0B 259.25 o.678 
400.26 252..,11 014!6~0 

179.49 246.-57 1 .. 381 

217.86 26S.,63 1.233 

1,97.14 249;,;37 1.268 

1540 5$ 208..,61 l;,350 

298,.33 274.82 0.921 

l.26.;48 204.-80 1.,619 

l42;ii21 192.87 1•356 

83.32 151;.19 1.014 

20!l~88 249.75 1.213 

7.84 12.-13 1~547 

1.99 ~h24 l.l57 
35.,9S 24-.12 0,.611 
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No. station Title Average standard Coefficient 
Deviation of Variation 

21. s. Fk. Tule n., 
l?orb~rville 24 .. 69 24.21 o.gao 

22. s. Fk. Tule R., success 

23. Maxhle FJ~ .. , Keweah R. 36.87 

24. i~. ~!Clrble Fk., Keweah 30,.19 

25. s. Marble Fk., 
Three R:i. v~:;:rs 2 9 .. 2 9 

26. N. Fk. Kings R., 
Meadow BrcoJ~ 24.24 

27. Helms Crk., Sz.nds Meadow 19.82 

28. Rancheria cri~. 20.01 

29. Dinkey Crk.,, Din.Meadow 28.,04 

30. Daer Crl~., East Fork 15.32 

31. Los Gados Crk. s.ss 
32. N .. Fk., san Joaquin R. 

Iron Cr1~. 33 .. 52 

33. w. l"I':. Granite Crk. 
Timber Knob 20.94 

34. E. Fk. Granite Crk. 
Cattle Mountain 16.91 

35. Bear CrJ~ •• '·'e.rmillion 30.,94 

36• Jackass Crk., Jackaso 
Meadow 16.07 

37. Chiquito Creek 29.63 

38. Pitman Crl':. l 7 .. 56 

39. Wiskey Crk., 20.42 

40. Fine Gold CrI~ • 17.01 

41. 'l'ena'.}ra Crk. 29.95 

25,50 

28.,96 

26.94 

27.,.59 

28.14 

24.57 

23.95 

28.75 

21.06 

11.97 

26.48 

25.39 

25.21 

25.56 

25 .. 93 

26.39 

22.90 

24.51 

28.42 

1.127 

o.1as 
o.a92 

o.942 

1,.161 

l.240 

1.197 

i.02s 

1.374 

2.160 

0~790 

1.254 

1.,502 

0.815 

l.590 

0.869 

1.503 

1.121 

1.441 

o.949 



statistical Analysis for µ,t~earnflo!J! Prediction 

For the six regions taken under tnvestigatio11 a sta-

tistical analysis of meal"! monthly flows was attempted., The 

relationship was established for all but one reg.ion. 

•rhe analysis cor.npared the coefficient of variation of 

the monthly flows to the size of the drainage area for each 

basin in a regiono The regions were defined 'by basins of 

similar topography ar1d climate. streamflow prediction 

would be made by mathematical. synthesis from the standard 

deviation parameter computed from the graphical relationships 

established for each region. 

The value of such a relationship was evidenced by the 

general consistency of the results. 
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