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Comments on Design of Evaporation Networks

Eugene L. Peck and Joha C. Monro®

Introduction

In reviewing the literature of evaporation and evapotranspiration
it is obvious that thére are numerous papers reporting on the variéus
methods of measuring evaporation and which attempt to relate such
measurements to actual evapotranspiration (1) (2) (3) (4). There is,
however, only a very limited number of references on the subject of the
design of evaporation networks. It is evident that there is a considerable
difference of opinion as to the most useful method of measuring or
indexing evaporation. Also, a greétar disparity exists as to the best
method for relating measured evaporation to actual or potential
evapotranspiration. |

The most widely used method for estimating evaporation from lakes
and reservoirs is to appiy an appropriate coefficient to pan evaporation
reasurements. In the recent Casebook on Hydrological Network Design
Practice, Hounam (5) discussed the general requirements for design of
evaporation networks. He concluded that a network of pan or tank
evaporimeters is a basic requirement but that this should be matched
by a network of climatological stations as an aid to the development
and evaluation of empirical formulae. These types of networks currently

provide the measurements presently in use. Ixcept for selected

*Hydrologic Research Laboratory, National Weather Service, National Oceanic
and Atwmospheric Administration.
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supplemental stations, the current state of the art preclu@es the

practical measurement of actual evapotranspiration on a network basis.,
Network Requirements

Basic requirements for hydrologic network design are contained in
the Casebook on Hydrological Network Design Practice, the proceedings
of the Symposium on Design of Hydrological Networks held in Quebec,
Canada, in June 1965, (6) and in the WMO/IIID Report on Hydrological
letwork Design Needs, Problems and Approaches (7); These publications
point out that the spatial denmsity of stations and thé temporal reporting
criteria should be determined by the user requirements of the data. For

pan evaporation, there is a wide range of spatial density and temporal

reporting requirements based on the user's needs. General water
resources planning requires only monthly or seasonal evaporation
averages. Reservoir operations probably utilize weekly information,

while irrigation water users require almost daily evaporation input.

Transferability of Pan Evapdration Dafa
A knowledge of the transferability (accuracy aﬁd information
content) of pan evaporation data should serve as a guide to better
understand the relationships needed for determining network design
criteria. As é first step in this study, spatial correlation among pan
evaporation data were investigated for monthly, 10-day, 5-day and daily

average values. The Central Plains States of Nebraska and Kansas in the

United States were selected as a study area. JThis area is relatively
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flat and contained a comparatively dense network of stations (37 current
stations in approximately 400,000 square kilometexs).

Maps of the cross correlation between a centrally located station,
Harlan County Lake, Nebraska; and other stations in the two-state area
are shown in Figures 1-4. The correlations for the monthly values
indicate that a large section of the area has correlation values of 0.85
or greater. Maps for lO-déy periods show a general decrease of aﬁout
0.05 in the correlation values andrlittle change from the 10-day periods
to 5-day periods. The map for the daily period shows a much greater
gradient in the éorrelation lines. Correlation decay was apparently
related to direction (interstation bearings) however; no definite
physical explanation is apparent for this observation. A tentative
conclusion might be that general climatic changes écross the area of
study, combined with prevailing wind directions and sité peculiarities
contribute to this effect.

Plots of correlation with distance were also prepared for Harlan
County Lake versus all stations in the area for each of the four periods
30-day, 10-day, 5-day and one day, Figures 5-8.

The curves for all stations indicated that the general relation
between correlation and distance is linear. In éddition, inter—station
distance, time interval, seasonal variation, and gage site exposure
should all be coﬁsidered vhen defining the transferability of pan
evaporation data. ‘

In studies of variability of evaporation in mountainous area,

Peck (8) observed that the relation of evaporation among different sites
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was dependent upon the exposure of the evaporation measurement locations.
Boohin (9) stated that an open site with free wind movement in the area

of the pan was a criteria for a suitable exposure. Sites with obstructed
exposures should not have the same relations among stationg as those with
open sites. This was found to be true for the daily relations shown in
Figure 8. Correlation decreases more rapidly with distance from the site
for those pans having obstructed exposure. Obstructed exposure in this
study was assigned if vegetation blocked the wind movement within 100 yards
in more thanAtwo cardinal directions and/or a major geography feature such.
as a large bluff‘prevented free wind movement from all directions.

Figure 9 shows a comparison of the curves for the four periods.
Figure 10 is a composite.of the various graphs relating the change in
correlation with distances versus the time interval in days.

Seasonal variation in the cross correlation between Harlan County
TL.ake and all other stations was investigated for daily pan values.

Figure 11 summarizes the results. An in-depth interpretation of this
seasonal variation will require additional analysis. However, the
following is suggested:

a. seasonzl variability seems sufficiently important to be

incorporated into a network design.

b. correlation is significantly greater for high evaporation

months than for low evaporation months at distances up
to 125 km.
The applicability of the transfer of pan data depends on what use

x - oy 5
1lar netvork

is made of the information. Information content of a
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can be related inversely to the variance of the statistical estimate

of the pan data. Conversely the accuracy of a particular network in
terms of defining point values is related directly to the variance of
the statistical estimate. Table 1 summarizes the accuracy of predicting
pan evaporation from Harlan County Lake both in terms of distance from

this site and the time interval of the data.

Table 1

Distance (km)
rom Harlan County o
Lake, Nebraska - (r4)

30-day 10-day S—dayi 1-day

Explained Variance

50 .88 .85 .88 .65
100 .85 .79 .80 .55
200 .79 .67 .05 .37

400 .68 NY) .39 .13

Future Wor
The Office of Hydrology of the National Weather Service is primarily
responsible for the basic hydrometeorological networks in the United
States including evaporation. This office also has the mission of issuing
river and flood forecasts for the country. A major potential use of
evaporation data is as an indicator of evapotraﬁspiration over a river

basin and used as an input to conceptual modeling for river forecasting

1

(10). The adequacy of the national network should therefore be judged

in terms of its influence on the forecasting iver through the use of

the conceptual ncdels.
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L

The informaticn on evaporation data transferability must be used
in conjunction with the models used in river forecasting, thereby con-
sidering the catchment dynamics. This approach would be somewhat
analogous to the concept described by Eaglesen gll) in defining an
optimum density of rainfall stations appropriate for a given rainfall -
runoff relationship. In addition, consideration should be given to the
use of other approaches to estimating evapotranspiration in conceptual

modeling either as a substitute or in combination with observed pan

data.




10.

11.

References

Robertson, G. W., 1955; The Standardization of the Measurement of
Evaporation as a Climatic Factor, Technical Note No. 11, WO No. 42,
TP 16, Ceneva.

Blanc, M. L., 1958; The Climatological Investigation of Soil
Temperature, Technical Note No. 11, WMO No 72, TP 28, Geneva.

Geneva, WMO, 1966; Measurement and Estimation of Evaporation and
Evapotranspiration, Technical Note No. 83, WO No. 201, TP 105,
Geneva.

Hounam, C. E., 1973; Comparison Between Pan and Lake Evaporation,
Technical Note No. 126, WMO, No. 334, Geneva.

Hounam, C.E., 1972; Characteristics of Evaporation in Network Design,
Chapter I-2.1, Casebook on Hydrological Network Design Practices,
WMO, No. 324, Geneva.

IAHS, 1965: Symposium on Design of Hydrological Networks, Quebec
Canada, June 15-22, Pub. No. 67, Vol. I and II, Gentbugge, Belgium.

WMO, 1969: Hydrological Network Design - Needs, Problems and
Approaches, WMO/IHD Report No. 12, Geneva.

Peck, Eugene L., 1967: Influences of Exposure on Pan Evaporation
in a Mountainous Area, U.S. Dept. of Commerce and Utah State University,
Logan, Utah, June.

Bochin, N.A., 1965: Network Design, Observation Methods and Calcula-
tions of Fvaporation from a Water Surface, IAHS Symposium on Design

of Hydroliogical Networks, Quebec, Canada, June 15-22, Pub. No. 67,
Vol. II, Gentbugge, Belgium.

NOAA, 1972: National Weather Service River Forecast System, Forecast
Procedures, Technical Memorandum NWS HYDRO-14, U.S. Dept. of Commerce,
Silver Spring, Md.

Eagleson, P.S., 1967: Optimum Density of Rainfall Networks, Water
Resources Research, Vol. 3, No. 4.



°

*T sanbrg

v o

e@ -] ow—o . OOMVF ONMV l
! oL ;
SYSNVY
Qb
L reag edxg fap uspaey
e (g mvﬁaaosﬁ \H
L6 WY JJnTg Jupag
8° , .
. + + + ~+ + + T—s¢
F i oYeT 'In 9TIANG
, cg* weq I03s5qop
5 .

,v / G wsq w00y 8C :QIZAIVNY SAOI¥3Id 40 I3gWNN
y SR D 08" ATHINOW :1vAy dINT 3wl
¢ L T NOILVI34400 1¥N03 40 saN10s)

M N !ad;../!:u!:mﬂgwm!ad SISATYNY(NVd)NOILVYOdVAT NyOmM LI

19153 , 6
. ot pey 8 ANID77

\ ver €6 ey
waq_ 1) autotpoy
. VSN PUUTBT puuag E.Hm,_m *dXg 933879 ypaoy
) !
-+ + vZQQ \amﬁmmcﬁvmt ol¥
OM BYBWQ ‘N BYDWO €6’
8
HrodeBprag
§8* ,
- -+ -+ + + + + + rg: h.%.
© : 74 .
‘ . 838 'dxy s3qng xog
. WIB] SWBD *EWT SUTUSTE) .
; 8L* . .
VISVIgGan
ols }\/l I T
066 " ol0l £01 °er




*Z vanbryg

€T

o6 om_m , oows omw_
SYSNVY @
. B35 Sdxg £37) wepawp _
A + + + + + o+ L
. WT sunqrapf
. © weg strodomwey ) 88* e,
% 98° WO FIntg awpad \n»

o+ + \ + -+ 6 |

93U I oTIINg
[ uB( I215q0p

£8”
€6’

\ % ,
N q ‘ , 65 :QIZAIVNY Sqoiy
u8q uQqao) .
«1\ SYBT HA99BS \ og" . SAVQ ot
v ; BT A3Mop wuTany /l.\\\/ NOILY 133340 1vnog
i — !]ii!foqﬂ/j’f!ﬂmmuﬂoﬁw(ﬁsvlf m~w.>.~<z<ﬁz<&zoz<mo
 Weq xoTTTH poy 68" Q%
ow. Qmm. mww\ﬁ sJIapuy \O Q\x\mbm Q
8 ,
urs( sl mn,.mow@o.@\a \

-

O 05 WYBIO "N vyEEQ

oy

0S# PUBTST puway WIB,p cdxg 9338 yjaoy
98° + + ;
< +§Q %MHmwnw.vm

3rodeBpyag
VA
s TTayogy
-+ -+ +
L9
838 +dxg 933ng xog

+

A
. E.E.,,w duwy * gy e.sﬁpsoﬁa\,

L9
VYISVYygan
x )\/K | | |

066 . ol0t : €01

o7

3d 40 ¥3gWNN
IVAYILING 3wyl
40 SINITOSI—
dVA3 NYOMLIN



4 ] -2
43° | . :_& 0~0 4
. /./\( 97°
NEBRASK A
- 57
o . .<p«§ﬁ:m Lks. Game Farm .
Box Butte Fxp, Sta, .
62 42°
.53+ +- + 4+
Mitchell SE
.68
Bridgeport
fepo . .73
.73 . Omaha N. Omaha WSO
47° Kingsiey Dam 7
, +-73
(\\\mmwwwwxwwmﬂém Exp. Farm Grand Island WSO
757 Fnders Lake znv,:o.wsc Cr. Dam
- e .88 90
%W il QMW\.QNV @O g7 Red Willow Dam
NETY/ORK EVAPORATION(PAN) ANALYSIS !fﬁ@@ifi/ﬂ!@km:ﬂl@m! —
_ISOLINES OF EQUAL CORRELATION Tegs L ew " Sebethe Lake
TIME INTERVAL: 5—DAY Nortoh Dem). |
NUYBER OF PERIODS ANALYZED: 110 4 Q
92 9 .
Webster Dam
A ‘ Tuttle Cr. Lake
e + -+ + 4 + *
.mw
Cedar Bluff Dam .m,w
«83 Kanopolis Dam (&)
Tridune 1y nwu
T +.83 4+ + + +
Garden City Exp. Sta, ,
KANSAS
e T T !
. &°
102* 100° og° 9

Figure 3,



"y @aubig

oy®T BYIQBS
8y

: +/
0

LE”

™
0ld

SM BBWY ‘N wywwp

— s e

OSH PUBTSI p

@

W "aI5 AUTOTpay

ugan -G N\

5 Wy dxg 934814 yjaoy
R 2O e

0g: \

T A3UNn0) udTauy

26 oot zol
Q < e
L] NQ _ _ ° ~
olf
SYSNY Y ‘
n%u
‘935 rdxg wﬁo\ﬂgzo
L. + Ly oy 4
L auaanan N ,
e T sunqpay,
wg sirodousy 9
. hﬁo ug(r Jintg hdﬁvmo X .
9 <
0 -5 9 LG9
-+ + / T + rT\\.l»/ T 568
i ayu] o.wo STH0L Weq X235q0H

w3 Hoquaoy

\69"

909 :QIZATYNY SA0I¥3d 40 ¥y3gWNN

ANVA S IVAYIING Iwiy
NOILV 133300 1VNO3 J0 $3NI1T0g|—
m.m>~<2<~2<&20?<x0m<>w ACOMIIN
|

oyuT sxapuy \OO. . Q\/\mw«.g.@w Mw
ye

W8 MOTTTH pay
9s  8L°

weq hwammsyp

ly
ere _ °
320dadprag
ger M
. a9 TToqog Ty
-+ + + + + e
. NV.
L _ 038 g a33ng xog
(WIDg owp ey sutquaTuy
8z
VISVIgaN
- —
066

olOL- ommﬂ of?



SYAIEWOTIIN NI ‘VMSVMEAN MV ALNNOO NVINVH WOMJ AONVISIA

10194 [010)4 0G¢ 8]0} 0s¢ 00¢ 0gt 001 08 )
[ | | [ ! I T ] , | oLo
| WIBJ SWEH *S¥] 2UTIULITBL T2
. : we( 90quaJay, 02
weq #OTTTH P2U 6T (070
OSM BUBMO ‘N BUYREQ QT
wrey -éxg 93984 UMON LT
4S8 TI2Ud3TH 9T
weQq ‘) SUTDTPO 6T
wng Rorsyury 0T —0C 0
oxer] AUno) UDTJIRYH €T
OSH PueTsI puwdy 2T
oo sxopuwy 1T
gaododpray QL S
. *eqg duw egqun xog 6 0¥ 0
ueg I99Sq8M @
ayr] "Iy ITIINL L
MT 2unqrar 9
aY®] BYFOGBS & —ne
weq uOqJION 0£ 0
weqg strodouey €
*83g -dxg £31p uepaed 2
weq Jjnlg Jepa) T
— 090
. IMNVN NOITVILS ‘ON
W
—0L°0
6%
1z*
. 020
a*
oL¥
82 : QIZAIVNY : 0670
3Q0IY¥3d 40 YIFWNN ot oz* -
ATHINOW :IYAYILINI IWIL AT A
SNOILYSS NOLLVMOAVAT VASVMAIN % SYSNVN SROINVA ANV 001

LAV XLi000 NVIMYH NIIMIEE DNEIDIJLLE00 NOILVTIZEHOD ‘g oInBTJ



SUTTAWOTIN NI VISVUIIN VT XINAOD NVTUVH WOUJ FONVILSIC

0% 00y 0¢€ 00 - 09T 002 061 001 0§ .
I [ { 1 T | [ ! ] oL'o
ULIB, QWD ST QUTIUITRA T2
ure( uojUaLy, oz
weq MOTTIM PRY 61
0S4 BUBHQ "N BYBUO QT —0C0
wrey ~dxg o39eld UIoN LT
: 96 TTeH92IW 9T
ureq *Ja) QUIDTPI 4T
ureq LoTsduTy 7T .
ouwerT LquUno) uaTasy €T i 0C 0
OSM puelsI puexn 2T
9B SJ9PpUY 1T
qaodedptag QT
*8qg dxg o3 xo¢ 6 — iy
wBg JI38qoM ¢} o7 0
oye ‘JIp 2TWMIL L
MT eunqran 9
oyeT vYIRQEE G
wg(J UOION 1 ;.;OW O
weg stiodouey €
*eyg ~dxg £31p UepaARD 2
) weq JJnTg Iepen I
HAVN NOILVLS ox - {7090
oL¥ -
6% tZx
0470
, —08°0
6S +AIZATY NY : Woa.o
SQONY3d 30 YIIWNN
AYa—0L :IVAYIINI IWIL
SNOILVIS NOILVYOAVAT VMSVUEHEN B SYSNVM SNOI¥VA QY 001

*9 aanbrg

VT ALNNOD NVTIMVH NETMIIE CNAIDIJLLTI0) NOILVIIHHOD




SUITTNOTIN NI ‘WYSYHEAN ‘EMYT AINNOD NVTINVH WOWL TONVISIQ
4 0ov 0s¢ 00¢ 06¢ 00¢ oGl 00l 0s
| [ | ~; i I _

M _ T oL0
; waeg oumn, ‘S 2uliueTBs T3
. weg uojULLL, 02
wreq AOTTTIM P3Y 6T —07°0
oSM BUBWQ ‘N BUBWO QT
wreg dxg 9338Td Ut LT
; g6 TTaYestl Ot
wmq *I) UTPTER ST
weq KoTsduty 7T —0¢ ‘0
oye] Lyuno) uatseH €T
0SK PUBTSI PUBL) 49
aye] sJopul  TT
. _ , qrodedptag 0T
+eqg cdxg o34nd X0 - O oy 0
: weq 1995094 o]
axeT ‘a) ATIINL L
AT 2unqtaL 9
o¥BT BYIPQES .
weq uOYION 0g 0
oLx weq sitodousy ¢
’ . eyg cdxg £370 wepaEd 2
Zx \ wBq JINTg Iep3) T
& : , HWVN NOILVELS *ON 09°0
I‘I..ON- -o St
— 020
oLl : QIZATVYNY | 060
SA0I¥ad 40 YIEWNN
AVQ—G TVANIING IWIL ‘
SHOIIVIS NOILVMOAVAT VMSVHLHN % SVSNVM SNOTHVA QNV 00°t

INVT AINNOO NVINVHE NIZMIZE SNEIDIJLLI0N NOILVIZYHMOD *L @anbtyg



SUALEWOTIN NI ‘VISYHdEN ‘EMVT AINNOD NVINVH WOMA ZONVISIA

oSy 1010} 4 0ge 00¢ 0S¢ 000 0% 00l 0¢ )
| ! ] | ] | | | 1 oLo
z// wre,f awen ‘S SUTIUSTEA T2
weq uoiuaal 02
/ weq MOTTTIHA P2y 6T
: OSH BUBWO *N BUTUO QT |-gz°Q
// wreg *dxy 939°Td yjziof LT
) 6 TT2U93T 9T
LWW/, ueq *JI) SUTOTLRI] mﬁ
> 1z et
) * waq A2TSHUTY T
a T A L
OS,, a1 fqunop uvetxey €T [ 020
T OSH PUBTSI puzin 2T
// 3ye] sJaapulg T
oL ot, 8Ly qzodedprag  oF
) 'BYg tdxy ogang xog  §
o* &\ vl B I235994 @
00 o o¥RT ‘ap OTIINTL L
~_ o NT dunqray 9
~ 4 g&v/ YT BYlaqEy <
* O L
RN ~ O/ Weq U03I0N i ~06 0
~ /// ueqg strodousy] S
B) P *BYS tdXy A31) udpaB) 2
Q%O/ ueQ Jyntg Avpe)
YT~ N B
N > TWYN NOITVIS oN 7090
. Ty ,
Ox.
. 040
' —03°0
SACI¥3d 40 YITWNN
ANV S TYAYILIND aWIL
SHOILVIS NOIIVYOJVAZ VMSYHEIN % SYSNVY SNOIMYA CNV 0071

YT ALNNOD NVIEVH NEEMLIY GNATIDIJLLZOD NOITVEIHHOD

‘g 2anbtyg




05T

oSy (el014 0s5¢ 00¢ ooz oOct 001 0g
I I ] T I 1 1 i ] oL0
"IN ANV UUNNOD NVIEVH WO¥d 3DNVISIA
020
—0E 0
Allva
0V 0
—0% 0
—C2 0
AVQ—G
AVd -0t
—QL 0
—08°0
ATHLINOW
060
VSNV SNOTHVA aNy —00°1L

SHOILYLS NOILYHOdVAZ VISVHEEN 3

HMYT ALNAOD

SWTTAYI N

AV IaVa

TTALHE INIX

S
oI

JAECO NOLLVIEEH0D

‘6 2anbrd




.00
0.50 —
0.80 —
&~ 0.70
To
=
Y 0.60 +—
o
[
1.
111
o 0.50 |—
(&
5
= 0.40 —
1
-
b =
& 0.30 — A . —
m , : , ‘
0.20 ioommmrbjoz COEFFICIENTS BETWEEN HARLAN COUNTY LAKE |
- AND VARIOUS KANSAS & NEBRASKA EVAPORATION STATIONS
0.10 ]
| | |
60 50 40 30 20 10 5 4 3 2 {

TIME INTERVAL IN DAYS

Pigure 10,



oSy

¥1e) 4 0s5¢ 00¢ 0s2

[v]s74

051

ool

wy

r

*gIN ‘IIVT ALNNOD NVIYVH WOEd IDNVISI

AVW puo 71ddV

339waLdas ybnoiyyl 1144V

T T T T T

N3

): 4

&7

T I !

1SNONY pue AINf

SISATVNY AllVdQ

SROTIVIS NOILVYOJVAT WISVYEIN 2 SVSNVY SNOIHUVA anv

TV ALNNOD NVTIHVH NITMLIE LNIIOIJdd

00 NOILVTHHMOD

B

I

—f o

<
o

0L0

00't

(4) INFID14430D NOILY13¥40D



COMMENTS Of DESIGN OF EVAPCRATICN EETWORKS

Eugene L. Peck and John C. Monro

Hydrologic Research Laboratory
National VWeather Service
National Oceanic and Atmospheric Administration

Silver Spring, Md. 20910

For presentation at Internationzl Seminar on
Hydrological Network Design and Information
Transfer, Newcastle-upon-Tyne, United Kingdonr,

19-24 August 197k.



Comments on Design of Evaporation Networks

Eugene L. Peck and John C. Monro®

Introduction

In reviewing the literature of evaporation and evapotranspiration
it is obvious that thére are numerous papers reporting on the various
methods of measuring evaporation and which attempt to relate such
measurements to actual evapotranspiration (1) (2) (3) (4). There is,
however, only a very limited number of references on the subject of the
design of evaporatién networks. It is evident that there is a considerable
difference of opinion as to the most useful method of measuring or
indexing evaporation. Also, a greater disparity exists as to the best
method for relating measured evaporation to actual or potential'
evapotranspiration.

The most widely used method for.estimating evaporation from lakes
and reservoirs is to appiy an appropriate coefficient to pan evaporation
measurements. In the recent Casebook on Hydrological Network Design
Practice, Hounam (5) discussed the general requirements for design of
evaporation networks. He concluded that a network of pan or tank
evaporimeters is a basic requirement but that this should be matched
by a network of climatological stations as an aid to the development

and evaluation of empirical formulae. These types of networks currently

*Hydrologic Research Laboratory, National Weather Service, National Oceanic
and Atmospheric Administration.
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supplemental stations, the current state of the art precludes the

practical measurement of actual evapotranspiration on a network basis.
Network Requirements

Basic requirements for hydrologic network design are contained in v
the Casebook on Hydrological Network Design Practice, the proceedings
of the Symposium on Design of Hydrological Networks held in Quebec,
Canada, in June 1965, (6) and in the WMO/IID Report on Hydrological
Network Design Needs, Problems and Approaches (7). These publications
point out that the spatial density of stations and the temporal reporting
criteria should be determined by the user requirements of the data. For
pan evaporation, thera.is'a wide range of spatial density and temporal
reporting requirements based on the user's needs. General water
resources'planning reguires only monthly or seasonal evaporation
averages . Reservoir operations probébly utilize weekly information,

while irrigation water users require almost daily evaporation input.

Transferability of Pan Evaporation Data
A knowledge of the transfersbility (accuracy and information
" content) of pan evaporation data should serve as a guide to better
understand the relationships needed for determining network design
criteria. As a first step in this study, spatial correlation among pan
evaporation data were investigated for monthly, 10-day, 5-day and daily
average values. The Central Plains States of Nebraska and Kamsas in the

United States were selected as a study area. This area is relatively



flat and contained a comparatively dense network of stations (37 current
stations in approximately 400,000 square kilometers).

Maps of the cross correlation between a centrally located station,
Harlan County Lake, Nebraska, and other stations in the two-state area
are shown in Figures 1-4. The correlations for the monthly values
indicate. that a large section of the area has correlation values of 0.85
or greater. Maps for 10-day periods sho&’a general decrease of about
0.05 in the correlation values and little change from the 10-day periods
to 5-day periods. The map for the daily period shows a much greater
gradient in the éorrelation lines. Correlation decay was apparently
related to direction (inﬁerstation bearings) however; no definite
physical explanation is apparent for this observation. A tentative
conclusion might be that general climatic changes across ﬁhe area of
study, combined with prevailing wind directions and site peculiarities
contribute to this effect.

Plots of correlation with distance were also prepared for Harlan
County Lake versus all stations in the area for each of the four periods
.30—day, i0-day, 5-day and one day, Figures 5-8.

The curves for all stations indicated that the general relation
between correlation and distance is linear. 1Im addition, inter-station
distance, time interval, seasonal ﬁariation, and gage site exposure
should all be considered when defining the transferability of pan
evaporation data. ‘

Tn studies of variability of evaporation in mountainous area,

Peck (8) observed that the relation of evaporation among different sites
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vas dependent upon the exposure of the evaporation measurement locations.
Boohin (9) stated that an open site with free wind movement in the area

of the pan was a criteria for a suitable exposure. Sites with obstructed
exposures should not have the same relations among station; as those with
open sites. This was found to be true for the daily relatioms shown in
Figure 8. Correlation decreases more rapidly with distance from the site
for those pans having obstructed exposure. Obstructed exposure in this
study was assigned if vegetation blocked the wind movement within 100 yards
in more than two cardinal directions and/or a major geography feature such
as a large bluff‘prevented free wind movement from all directions.

Figure 9 shows a comparison of the curves for the four ﬁerieds.
Figure 10 is a composite of the various graphs relating the change in
correlation with distances versus the time interval in days.

Seasonal variation in the cross correlation between Harian County
Lake and all other stations was investigated for daily pan values.

Figure 11 summarizes the results. An in-depth interpretation of this
seasonal variation will require additional analysis. However, the
following is suggested:

a. seasonal yariability seems sufficiently important to be

incorporated into a network design.

b. correlation is significantly greater for high evaporation

months than for low evaporation months at distances up
to 125 km. |
The applicability of the transfer of pan data depends on what use

is made of the information. Information content of a pavticular network
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can be related inversely to the variance of the statistical estimate

of the pan data. Conversely the accuracy of a particular network in
terms of defining point values is related directly to the variance of
the statistical estimate. Table 1 summarizes the accuracy of predicting
pan evaporation from Harlan County Lake both in terms of distance from

this site and the time interval of the data.

Table 1

Distance (km)
from Harlan County _~
Lake, Nebraska - (r4)

30—day © 10-day 5-day - 1-day

Explained Variance

50 .88 .85 .88 .65
100 .85 .79 - .80 .55
200 .79 © .67 .65 37

400 .68 47 .39 .13

Future Work

he Office of Hydrology of the National Weather Service is primarily
responsible for the basic hydrometeorological networks in the United
States including evaporation. This office also has the mission of issuing
river and flood forecasts for the country. A major potential use of
evaporation data 1s as an indicator of evapotranspiration over a river
basin and used as an input to conceptual modeling for‘river forecasting
(10). The adequacy of the national networlt should therefore bebjud:ed
in terms of its influence on the forecasting of river through the use of

the conceptual medels.
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The information on evaporation data transferability must be used
in conjunction with the models used in river forecasting, thereby con-
sidering the catchment dynamics. This approach would be somewhat
analogous to the concept described by Eaglesen (11) in defining an
optimum -density of rainfall stations appropriate for a given rainfall -
runoff relationship. In addition, consideration should be given to the
use of other approaches to estimating evapotranspiration in conceptﬁal
modeling either as a substitute or in combination with observed pan

data.
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HARLAN COUNTY IAKE

%HQCWO 5. CORRELATION COLFFICIENT BIN

1.00 AND VARICUS KANSAS & NEBRASKA EVAPORATION STATIONS
w y 3 i I £ 3
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Figure 6. CORRELATION COEFFICIENT BLTWEEN HARLAN COUNTY LAKE

1.00_. , AD VARIOUS KANSAS & NEBRASKA EVAPORATION STATIONS
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Figure 7. CORRELATION COEFFICIENT BEIWEEN HARLAN COUNTY LAKE

1.00 AND VARIOUS KANSAS & NEBRASKA EVAPORATION STATIONS
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Figure 8.

CORRBELATION CORPFICIENT BRETWEEN HARLAN COUNTY LAKE
1. 00 ND VARIOUS KANSAS & NEBRASKA EVAPORATION STATIONS
TIME INTERVAL: DAILY
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Figure 9. CORRELATION COEFFICIENT BETVEEN HARLAN COUNTY LAKE
AND VARIOUS KANSAS & NEBRASKA EVAPORATION STATIONS
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