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. WATERSHED YIELDS
ARIZONA AND NEW MEXICO
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As you all know, we are faoed with a controversy betwsen

P

those primarily concerned with the conservation of watershed lan’-

' and those whose livelihood depends 'n available water supplies.e

It is only natural that the water users view with susplcion any

program that‘might take part of their r'wmply although theso same.

vater users are sold on the necessity for conservation.

Regardless of the "rights" or "wrongs" of the tvmse we in

the Coil Conservation Service long have felt that o great need exists
Vfor‘more knowledge conéerning the sources of our water supplies, the
reasons why certain areas are high water producers and other areas afa
low produceré, and what effect conservation programs might have on the
present supply. Certainly a clear understanding of the fundamontals
involvoq in any ocontroversy is necessary ~ intelligently seek a
solutione
During July of 1950 we were authorizad‘to coilect and anal=-

yze all availablo informatiqn and date conperning watershed yields

in the ék;Fos of Arizona!“New.Moxicé, Colorado and Utshs Wo have
completed this work in_Arizoﬁ; and New Moxico. Today I would like %o
oufiine cortain facts and conclusions that have daveloped from this
studyﬂ.:Inpidentally, I mighp.montion that thus far we havo ccmpiled
‘recqqu from some 800 rainfall moasuring stations end 340 stroam gag=~
ing Qtations.° To nake ﬁﬁis appoar more impressive I might add. that

those racords roprosdnb somo 2&,000‘station yoars of precipitation

rocords and 5,000 station yoars of stroam flow rocords. -
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I would 1ike to start by diseussing precipitation, since
after all this is the. so:p‘;‘.ce"-.of',o;;l'iﬁ Qf:'étx:'j.water supply, and will be
until ways and means oan-be devised to utilize water from the oceans.
As many'6f you know, within the statos'of Ar;zona and New Mexico the
average annual preé.ipité'tion rarges from about 3.5" in southwestern
Arizona to some 50" in the higﬁest elsvptions of north=-central Newv
Mexico. I might add that the highest amual precipit&fion we have
found in these four states *s approximately 60" in the headwaters of
the San Juan River in southwevtern Colorado. |

At the present cime vie have 00m910ted isohyotal maps of Arirona

end New Mexicos In order to get an ideu of the total amount of water

being proecipitated each yoar in the two ctatos ve developed the weighted

average annual pracibifatioh for each. Considering each stata RS &

whole, Arizona reoolvag abOJt 13" of precipitation and New Mexico

recoives some 17" of procipltatlon cach ycar on the avera gee

Translating this upply into terms of aore feet, whlch is the

commonly usad term in considering irrigation water supplies, we arrived
at a figuro of some 17h,OOO OOO aoro=fect of water be*1g precipitated
in tho two statos each vfur on tho avoragc ,Qnsidering the avorago

ennual yicld of major wakorshiods suoh as %he Salt River of Arizom,

the Rio Grande in Now MGchO and othors, it is roacily avidont that

(X

only e small proportion of this supply booonms uvallablo for irrigation.

.

Tho relativo prOportion of the wntorshed yiclds that occur from vurious

.

physiographic and climatlo gonos of tho two stntes is the major toplo
of discussioa todaye. Cortainly whon such a smail pr0port10n of tho
prooipitation buocomes aveilullo for consumptivo uso on irrigotod lands

1t 1s of utmost importange to doturmi;o the esowng of this wutarse

NNO01758
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‘The map (maps 3 and lj) before you shows tho sources of irri-
gation-wuter supplies within the states of Arirona and New Mexioco.

The original scale 48 © 1  or-about 8 miles to 1 inchs The yellow
500, 000

color repreaents an annuo.l water yield of less than 0.10" frcm the
land surfaoe. Following through, the various sones are 0,10" lto
0.,50"; 0.)0" to 1.00"3 1.00" to 2,00"; 2,00" to 5.00%; 5.00 to 10.00";
10.00" to 20.00"; and 20.00" to 30.,00%, The yield of water ranges
from less than 0.10" to around 50 00" within the two states, the high-
est ylelding ares producing some 300 times as muoh water as thq_very
low ylelding areas. 6!‘ considernbie interest also is the proportion
of the preoipltatlon appearlng as yield vrithin the various rzones.
For example, watershedg of high alevations may yleld as hlgh as 86”

or more of the annuo.l precipitatmn whereas areus at low slevations

saldom produoe more than 2 or 3% of the supply. Not only is the pre-

oipitation muoh greuter in fhe mountains but a much grea‘cer proportion

o
o

becomes availabla for irngution usc e

As montioned herotofore, the primary purposes of our study

. have been not only to dotormine tho gources of irrigauon water but

- .

also the reasons why suoh romarkalle difforences in watershed yields
oxiste Cortainly it is not difficult to umderstand why a great deal

more water 13 received from areas having high nracipitution and o

large part of the preoipito.tlon appearing as yield. The quostion is,

.c,

however, Juat why should BQ% of tha preoipitation appear as y:leld

from one area yet only 2 or 3% appeu.r as yield from another? This

<X

T
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First I would like to disouss the oliuntio and phyaiogrephio

/oharaoteriatics of the mtmta.inous, high ylelding areas which resul’c

in the large proportion of preoipitation appearing as y wa tar yield:
One of the foremost of thess oharacteristios is the low
evapotranspiration potential foumd in the mountains's By evapotrans-

piration potential I mean the amount of water that ooculd be evaporatsd

" and transpired under e given set of olimatlo’ oond.itj.ohs . ' Studies

of evapotranspiration potentials in the Bouthwest have ghown that the

‘potentianl at high elevations seldom amo;nta to more than 15" to 25"

of waters When we consider that the ammual ‘precipifation often is

30" to 50" it is abvious that a considerable proportion of the pre= .

oipitation must appear as yields I might mention that in the ereas
of low rainfall this potential roaches 50 to €0 irches.

AA seoond reason for high proportionnte ylelds is tHe distri-
bution of the precipitatio;; in the mounteinous ereass .'Or;dinarily
the greater proportion of the yb'a}'é"prééipi-izr;éio\h oocurs during tﬁa )
poriod November - April inclusive Wﬁén"ééﬁé'étflo;néﬁirafional poteﬁtiuls
are low and there is less opportunity for’ ths water to be loste
For éxa.mple, at Cumbras,i Colorado, at an elevation of about 10,000.
feet, some Q% of the annual precipitz;tion occurs from November té
Aprile This can be contrasted wi‘.:h'.the' distribution at Albu_que‘rque'v
(elevation 5,300) where only 32% of the ennual preoip‘itnfior; oocurs
during the saome periods "During the het’ summer months when e.a.vo;p‘o-
transpirational potentials are the i ghee;"b 'che". propor't"ior;s are re-

voersed, Cumbres receiving 227 and Albuq'uo'rqu'o' bl% of the annunl

precipitation during the period July = V:Sep‘t';ember.‘

CV-6417-201
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A third reason i‘or hiah oroportionate watorshed yields in
mountain .areas is the oharaotez'istic predominance oi' shallow soils
or soils of lcw water holding capacity. The profound influence of
this characteristio was rather forcibly impreesed on us when we
attempted correlationa between watershed yielde and physical charac-

teristics. During the first field trip into Colorado our soil

eoientist broke down the varioue watersheds into the proportions of

each which had shallow, medium and deep soile. In attempting to
oorrelate precipitation with y'ield ve began to .find areas where ex-
treme differences in yield could not be e)cplained by differences in
precipitation. V.e noticed, however, that yields appeared to materially
increase whenever uhe percentage of shallow solls increased. We then .
attempted to correlate watershed yields and shallow soils with the
following results. R

The first chart on the left (Figure 1) is a plotting of the
water yields .Ln percent of precipitation againet the average annual

precipitation occurring over the watersheds. There are L7 stations

4.‘

4in the plotting which represents all of the areas that were inepected

on the field trip. It isn't neceseary to point out the almost com-
plete 1ack of oorrelation bet: Ben the precipitation occurring over ‘ _ &
each area and the resulting ylelds, Seldom have I scen a more _
olassic example of a nshotgun" pattern. You can understand o.ur' . Al
perplexity when we i‘irst attempted such correlations. ' i

1 would like now to rei‘er you to Figure 2 on the right. Ve Pl 1
have ueed the identical stations as were plotted in Figure l but L S

have plotted the waterehed ylelds against tha percenta e of eha]lowh .

solls within each watershed, E.W. 2600

NNO01762
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e . :mtmd of a rathct' hopoloeo iooking daboqunn p.tf.em ¥o
i that tho sbnllow noih-mtor yield mxaumm s bighly stgnifi-
cant, I would aluo nh to pomt out ﬂw utruo mnge in ﬁ.olda td.th
\ .- 'about tho cnm procipitnﬁm that vm "brcught into hm“ “hen ahallow
’_.icoua wore th. eﬁtoria. for c:upia, 1!: thiu vntcnhod tbc proaipi.ta- o
t.ion vas 25" aﬂd tho ﬁeld lhs wbilo m ﬁd.a wntarched tho mipitaﬁon
. wag 25" yot the yiold vas Tri. h mothnr uwmia this vatershod had s
| | - 35“ procipi.tat@m ll“ld g rioid of QBS. ﬂhilo m- mtorshed uluo had . 36"
L pracipitatim ydt ;he yiold m 61#. Iut-ﬁh nal:tt cﬁot tha ﬁold corugm
o "tod niuely with shanow ‘a;ila. ', S o R i
| Another Lntoroatim md dé';ﬁ.ﬁo;:ﬁt fmt io that ﬂm watorahedc -
, used .'m tho plottinga rnproaont oxtrm Variationa in voqetadvo and |
B '.‘p)wsiographio oharaotoriaticl. Althongh tho ohu.tnutorint.ica of tha
various arcas my chango aa mch as hn'e the porcontagoa of ahanow

‘soils yot tho dopth of aoile uppoars to oamplawly dopdnato t.ho yiold

rolationnhipa. . )
It apponra, 'ohuroforo, that ono or tho mogt hportant shardotor- - |
- iatioa 1n tho oona:l.domtion ot vuiorahod nolda 1s tho ability of a
_'watorahod to initially mtain wator. cortainly thin charactoriatic '

."predominatoa meofar as thoao pnrtioular watershoda aro conoomod.

' Porhapa in t.bo paat wo havo boon tno uwh ooncorned with tho rolo of

'aranapiration in tho hwdrologio cyolo. : " | | |
v Porhapa watorahod vcgotation 10 prosmt cnly booa.uso tho wator

H

o

"».-'oan bo hold thoro nnd 11‘ tho \mtor camot 'bo rotainod ntbn\ tho aroa |
L than the vOgotation oannot m:iut. In nr.y ovont :lt appoara to bo aomo- B
' thing liko tho ol'd.okon and ogg proposition as to whioh omna ﬁ mt.

.

I D P . [N

'j ._ Frankly, T wondor 4f thia mttqra muoh. ‘
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. in discussing the influcnce of gaallow soils on wator yiclds

I do not intond in any way to discount the importance of cvapotrans-
piration potontials. All othor things boing oqual this factor

oxcrts a profound influonce. You will note from'thﬁ first figurc that
nlthough thore are great difforonces in ylclds, aimos£ without axcep-
tion the yleld percentensss arc high in tloesc zones of low céﬁpotrcns-
piration potentials, ﬁithin ahy'major arca, howeVOr;_whoré cvapo-
trénspiration poténtiﬁls arc similar thcre may be trcméndous differ-
encog in watershod yielas deponding upor. the ability of particular.
watersheds to indti~1ly rotain water.

Now let ué tgfé a look-at the cparactcristics of the low-
yiclding agid)ggé';émiafid arcas -where the precipitation averages
only 10" or.lé"Hgﬁﬁﬁaili;"il an purposglybgo;ﬁg to extremes in
oxder that ypujmnyvf;iibw fﬁrough with the fénéo of corditions that
oxist. As I hqve'stﬁﬁéd’hcrotoforc tho yiqid from such arcas

'scldom_averngoé'QQQrZZ or 3% of the arnval precipitation, and thgre
arc very good rcasons for tais.

The ovépotranspirhtional potential alséloieffs‘a profound
-Anflucnce in arid and sémiarid arcags, It is not éfiall uncommon
for this potcntial to reach 50 and in cortain instancos 60" or. moro
of mpisture would go to evoporation and/or byénspifation'if the water
was avnilablo.. Whon wo considor that this potcntial is opoiating
in conjunction with an avéfagc annunl prccipitatibn of only-10 or
12 inches it is not difficult to.undormtnnd vhy all wator not
imhodiatclz leaving an'ﬁroa will bo subscquontly consumed by cvapora-

"tion or transpiration. Not only is tho potential ruch pr

NNOGT766



~8-
the supply on an annu~l basis but the deficit oxists throvrhout

thoe yoar in such somirrid zones. In sunmation it might be said that

RS A

Anothpr.chgy;ctgristip of low-lying arcas, which has an

adverso affcet on water yiclds, is the nredominnance of decper soils.
The vast arcas of olluvinl vallcys and Dlains within the two states
almost‘a}xnys cpntain_soils of suffigicnt depth to retain all of the

meagor prqcipitation that occurs during tk- average year. Thus, tho

rclative amounts of deep s 0ils arc not of major importance in low-

P AT AT G T B 31 TR e TR T R AR R A T A

lying arcas since a sufficiont depth of soil is, ordinarily present
to retain all water that docs not immediately lcave the area.

A third rcason for low water yiclds from scmi-arid arcas is

the way in which prccipitation;nprmglly occurs, Although the annual

totals arc low, ceven this smal}_amount_of ﬂatcr ordinarily results
from a rather largg numb¢r oerggpipitntio?;pqriOds.r”Eorrcxamplc,

an annual r-infall of lQ pq‘lzﬂ,mny bu_pompq;cdvof_squ SQ differcent
rains. Of those rains_SO%?tqtgl less than 0,10"; B0% total less than
0.25" and 903 of the reins total }gss.thanO.SO".?:Foworlthan 1%, of
the rains that occur in arcns of low'apnual_prqgipitatiun cxceod |

1 inch in amounp, The qombin;tioh pf‘QQgp soils with a -high water-

holding capacity and tho occurrencc ¢f many small rains obviously .

is not conducive to a high water yicld.

A fourth and ~lso vory importent rcoson for low wator ylolds

in somiarid accas is the tremendous loss in water thot takes place

betwoen tha point of oripin of runoff ond the point of usc.

CV-6417-201 | T NN00T767
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' runoff ooourring on l'our small mtemheda within the basine The

- ;'.'n
_~-.t,.n9u .
. . . ' .
-

charaotox*istﬁ ae.l j )aur: ace runoﬁ‘ doon not poour 1n suck

l.rous axaapt 1n uaooiation wi‘ch high-in*:enaity th\mderatom. '

Buoh ltoru aeldom oovor hrge areaa and more often than not the

runot‘i‘ origimting t‘rom such L storm xnust travol great distanoes

ovar ﬁerra n that hu not beon watted- Bines thare is virtually’

almya . lm“rioien{: evapotranapimtional potentinl to consune the - - ‘ “
uvano.blo mia‘curo nny auoh runort‘ 1n t’nauo lowar arau thu; ontars ,

’che ground through nhunnel or ovorla.nd i’low md does nat go to

:

gromd-watar rooharge vd.il be subsequently evapore.ted or trmspired.

.
. )

1 would 11):5 to oita an example to show how enoraous theso

" i . L

" losses oen be. For the paa'b 12 &ears we hava oondurtad ) aeries of

. . oo _-‘ ..,,un. [ITR

runoﬁ‘ studiaa Within the Ban Bimon baain of uoutheasta' n Arizena.

N
. . . v
’ ' LY ' gk L

The study has been direoted towmd determining the precipitation and

‘ “

l‘. [ Lt ,

n.reas avero.ge acmswhat 1068 ‘than one aquare mile n aize and are

) .u_\ Lt R TR TLR ST

quite x‘apranonto.tive of the general ws.tershed oonditions thut provail

. LY .,
ORI I AP SPIE PR P v . h ;

within the San simh dratmgos .-

KT I I SXI B

o - In an efi‘ort to loarn more nbou‘c uransit wator losses in

1

. T ‘- “

. ' . ""l. . .

semia\'id areas we o.varaged the annuo.l wntor yields from the four

muerahedu for the period of rooord, thon tro.nalatad ‘this’ informtion

.o, . N

."‘ ,

1n ,o tems oi‘ aore-l‘eot o!‘ wutar yield per aqua.ra mile. ~For the samo

. “+

LA

period or reoord wao took the aotual yield of woterat thc xnouth cf

. qooey o

San Bimon buain - 2260 square mtlea in sizo~ and oonvertad this
. RN ¥

! .d.gurﬂ 1nto torms oi‘ o.oro-foo“t per squaro mile. Ve i‘ound that almost

., r.n-

80% of the water origimtf ng from ‘the smll areas nsvor roaohed_. the

. mouth of thé' 8an 8imons In other words only somo 207% of what was
4 . i .

| o | FW. 20611

. —:.'z;'zéx'qu,‘ ‘

NNO001768
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originally a low proportionate .ator yield actually reached a point

where 14 might be used for erigution. I might add that other in-
f’ca;:zﬁp;fnon Wa have ‘collected. ind‘.\.C"\tGB tha'b *t-hose high transit water
u.losses.x are commons :

" To summarizes . the high potentiai evapobr;;;xspirntion, deep

soi]s, sd;at+ered precipitation pat’cerns and BXOOSBIVG translt '168308

LI -+, ! o

amply explain why the ‘watershed yield from semiarid aroas represents
[N "--‘ K '

'bu’c ) very small’ Praction of the. precipitation.

I

In’ closing I would like to discust‘ the previ“* tation and

iy i

Wa'ber-y’ield relationshlps of. 'bho San Slmon watorsned mont:.oned here~-

tofore. Thls "basin is a- rather classie example of an area that once

..||-

produoed tremendouo -volames of 11vestock fomge and Whlch now is in

a badly deteriorated sonditicn. Origmally, the alluvial valley

was for the most partiu well, .grassed, undhsectnd waterway grazed

by thousands of chttle. - Today there 1s vory llttle good wveogatation

of any kind and the valley is dlSuGCth by ono lurgo gully and many
deeply entrenched’ tributaries. By no stretch of tho imngination

oould the watershod riow bo consnderod a8 belng in good oondition.

A 1ook at tho prosent p;‘ecipitatlon-wuter-ylold relation-

ehips, howover, shows - gome vory interestlng focts. Tho wmghtod

n.nnuo.l precipitat: oh ‘over: the. 2,280, aquare«milo aroa is 12 87", which

reprosonts about ' 1}56G;000 acre-—feet oi_f w{ator roceivod or. this wator-

!

shede Tho avoree anaual Yyiold or residual runoff from 'tho wotor-

shad at its mouth during the availeblo poriod of rocord is only about

9,000 aucro=-foot. This moans that ebout 1,551,000 acro~foot of wator

now novor reaches tho mouth,

CV-6417-201
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I would egain 1like to 3231 to your attention the fach bhat
this matorshed is now in g'doteriorqtod sonditions, It produces bHub -
~ emall par’ of the livest: .l forage which was produced prior to-the
onset of de@orioratioh- Yet today tho watershed retains more than

9% of the avalli ble water supply. Tc put i% anothor way, of the

12.87" of preocipitation ocecurring over the wetershod 12.79" stays

theros. Wers we ahle tc hold all of the water within tne area thore

~would bs available only an edditional eight one-hundredths of

one inch.

Obviously we cannot expoct a material change of any kind on
this waterqhe@ by the addition of less than 1 percent more water.
Equally gbvioué‘%s.the,fact.that the originally oxcellont grass
ocover ODgld not h;ve been_méintained because the fracticn .of an
inoh of'ﬁator now running off was then being held within the
watershed, o L Co

| This fact then posos the question as to how thore could have
seen & good stand of peremninl grassos originally with about tho same
vater supply that is now avail?blo. To me tho anawor is relatively
simple. As mentioned horetofere, the evapotranspirational potontial
within such areas as the San Simon is probably 50", The distribution
of this potential throughout the yonrﬁis such that any water that
droe not immediately leave the nrea will bhe subsequently lost to
avaporgtion from bare ground surfaces or transpirod by plantse.
Today, large aroas of this wﬁﬁorghod,aupport only wéods, shrubs, and
other undosirable typos of nggté%iqniinstoad of tho poronninl grasses

of high foroge valuo that forﬁorly q96uplod‘tho uroacs Sizeable
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