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Figare 15.--Example of WAR duration interpolation for the 10-yr
amounts at 47°N, 119°W.
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Figure l4.—Examples of WAR return period interpolation for 47°N,
119°W, (a) 5-day amounts; and (b) 15-day amounts.
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Figure 17.—Example of WAR duration interpolatiom for the 50-yr
amounts at 41°30°'N, 112°10'W.
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Figure 16.—Examples of WAR return period interpolation for 41°30°'N,
112°10'W, (a) l-day amounts, and (b) 5-day amounts.
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J  PERCENTAGE DIFFERENCE BETWEEN:
-""2-YEAR 5-DAY WAR AND -
PJRECIPITAﬂON-FR_EQUENCY AMOUNTS

STARKEY
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" counciL

precipitation and WAR amounts were generally
similar. The modest differences resulted, in part,
from the fact that short-duration snowmelt processes
generally cannot make water available as rapidly as
extreme short duration rainfall rates. Hence, short
duration rain events are more likely to produce the
maximum annual WAR event than snowmelt, although these
rain events may be enhanced by snowmelt.

Differences between precipitation and WAR frequency
estimates at longer durations could be expected to be
larger because the time scale associated with extreme
snowmelt events is probably longer than 24 hr. To
evaluate these differences we determined 2-yr 5- and
10-day precipitation amounts using an approach similar
to that used by Miller (1964). Miller outlines a
method of using 2-yr 24-hr © and 2-yr 1-hr
precipitation—frequency and latitude to estimate 2-yr
10~day precipitation—-frequency amounts. The method
involves the use of figure 6 in that publication.
This figure was digitized for computer processing and
2-yr 10-day precipitation—frequency values were
estimated using the 2-yr 24-hr and 2-yr 1l-hr values
from NOAA Atlas 2 (Miller et al. 1973). Five-day
estimates were obtained by using the interpolation
nomogram in Miller (1964). The next step involved
estimation of the 100-yr values. In Miller (1964),
the 100-yr 10-day map was obtained through application
of a geographically varying ratio to the 2-yr l0-day
map. The same ratio was used in this study to convert
2-yr 10-day to 100-yr 10-day values. The 100-yr 5-day
precipitation—frequency maps were generated using the
duration interpolation diagram in Miller. The 2~ and
100-yr 10~-day WAR amounts were computed by the
procedure of this study, namely using the 5- and
15~day maps and the factors in table 4.
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An example_of the differences between 2-yr 5-day
WAR-frequency estimates for the present study and
precipitation—frequency estimates for a portion of the
study area is shown in figure 18, While the general
pattern is similar to the differences between the 2-yr
24~hr NOAA Atlas 2 and WAR frequency values (not
shown), the magnitude of the differences 1is
considerably larger. This figure highlights the
relationship of the differences to elevation. Smaller differences
are generally associated with major valleys and the broad basin
between the Cascades and the Bitterroots. The largest differences
are associated with the 7,000-ft elevation contours where WAR values
were as much as twice as large as the precipitation estimates.

122 BEICE 18 17

Figure 18.-——Comparison of 2—yr 5-day WAR estimates found in the present study
with 2-yr 5-day precipitation—frequency estimates found by application of the
techniques described by Miller (1964).

as the Yakima Valley and the John Day xiver Valley, are prominent in
the analysis. Although there were indications of lower WAR amounts
in some of the smaller valleys, the resolution of the data was not
sufficient to determine whether all such valleys were consistently
associated with localized minima. Valleys, especially those in

higher elevations, wmay have been too 1limited in size to Other local maxima, as well as Llocalized minima associated with
significantly affect the larger—-scale meteorological flow that small valleys also occur, but are not shown in the amalysis. The
produced high WAR values over broad mountainous areas. An enhanced main purpose of this figure is to focus on the broadscale
snowpack, due to accumulation of snow blowing into smaller valleys, differences between the precipitation and WAR estimates. These

differences are generally similar but are possibly somewhat smaller
than the corresponding comparison described by Frederick and Tracey
(1976). This appears to be consistent with adjustments necessary in
the merger regions. In general, the WAR amounts of Frederick and
Tracey were reduced slightly to ensure continuous isolines across
the interface. In other words, the results of Frederick and Tracey,
while generally consistent with those of the present study, may have
regions of relatively higher amounts with respect to 5— and 10-day
estimates of precipitation—frequency amounts determined by the
methods outlined by Miller (1964).

may also have increased the snowpack above that due to local
precipitation alone. Because of these considerations, we chose not
to include such small-scale detail in the analysis.

WAR values from this study were compared to precipitation—
frequency estimates from NOAA Atlas 2 (Miller et al. 1973). This
comparison indicated that the WAR values were generally about
10 percent larger than the 2-yr 24—~hr (annual series) precipitation
amounts, with some differences as large as 25 percent associated
with higher elevations. The annual series for both the
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Figure 19.—Effect of NWSRFS snow accumulation and ablation model on
the input data. For each duration, the WAR and precipltation
frequency estimates are normalized with either the 2—yr or 100-yr
WAR amount and the average of all statious is plotted.

Another comparison was made in an attempt to isolate effects due
to the physical processes embodied in the snowmelt model. At
98 stations within the area shown in figure 18, 1- to 15-day annual
maximum precipitation serles were determined and frequency values

estimated. The stations were stratified iInto three groups located
in those regions of figure 18 where the differences between
precipitation and WAR estimates were (1) less than 25 percent
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(2) between 25 and 50 percent, and (3) greater than 50 percent. At
all stations within each group, the 2-yr 1- to 15-day precipitation
and WAR values were normalized by the 2-yr 15-day WAR value.
Similarly, all 100-yr values (both precipitation and WAR) were
normalized with the 100-yr 15-day WAR value. The normalized values
for all stations within each group were averaged and the results
plotted as a function of duration (fig. 19). At both the 2~ and
100-yr return periods the WAR values exceed the precipitation values
at all durations in all three groups. The differences increase with
duration, and the differences for the 100-yr values are consistently
larger than those for the 2-yr values for all three groups.

9. SUMMARY AND CONCLUSIONS

Climatic precipitation and temperature data were used as input to
a snow accumulation and ablation model that ylelded annual maximum
WAR series. These data were fit to a Fisher-Tippett Type I
frequency distribution and the resulting values were used to produce
maps of WAR-frequency estimates (appendix E). The broad features of
the spatial variation of the WAR field were qualitatively similar to
previously published precipitation—frequency maps at the shorter
durations, with the WAR values at least 10 percent larger for the
24~hr duration. As both the duration and return period increased,
the geographic pattern of the WAR values did not vary significantly,
but the magnitudes became progressively larger than corresponding
precipitation values. The d1ncrease was greatest 1n higher
elevations where snowpack accumulation and spring snowmelt were
considerable. At durations in excess of five days, there were broad
higher elevation regions where the WAR-frequency values were more
than 50 percent greater than corresponding precipitation—frequency
values., At some of the highest elevations, the 10-day, 100-yr WAR
amounts were as much as three times as large as previous
precipitation—frequency estimates. This study's main purpose was to
provide WAR estimates in the lower-lying agricultural areas. It's
use in higher elevations should be used with some caution because
there were a limited number of stations in the mountainous portions
of the study area. Additionally, the effect of the orography
probably produces patterns far more complex than we were able to
depict on the wmaps in appendix E. Any application involving use of
these estimates in the higher elevation regions should fully take
into account these uncertainties. Examination of any available snow
course or snow pillow data could reduce the degree of uncertainty
somewhat.

ACKNOWLEDGMENTS
Funding for these investigations was provided by the U.S.
Department of Agriculture,, 6 Soil Conservation Service, as part of
Liaison

their watershed protection and flood prevention program.

with the sponsoring agency was maintained with Robert E. Rallison of
the Soil

the Engineering Division and Wendell A. Styner of
Conservation Service, West National Technical Service Center,
Portland, OR. We gratefully acknowlege the assistance of

Helen V. Rodgers with both the typing and layout of this report.
Roxanne Johnson provided invaluable assistance with preparation of
the figures.



REFERENCES

Anderson, E.A., 1973: "National Weather Service River Forecast
System ~ Snow Accumulation and Ablation Model,” NOAA Techmical
Memorandum NWS HYDRO-17, NOAA, National Weather Service, Silver
Spring, MD.

Environmental Data Service, 1948-1976: (Climatological Data, Idaho,

Oregon, Utah, and Washington, NOAA, National Climatic Data Center,
Asheville, NC.

Environmental Data Service, 1964-65: "Climatic Summary of the United
States — Supplement for 1951 through 1960," Climatography of the
United States, Nos. 86-3 (Idaho), 86-31 (Oregon), 86-37 (Utah),
and 86-39 (Washington), United States Government Printing Office,
Washington, D.C.

"Monthly Normals of Temperature,
1941-70,"
NOAA,

Environmental Data Service, 1973:
Precipitation, and Heating and Cooling Degree Days
Climatography of the United States, No. 81 (by state),
National Climatic Data Center, Asheville, NC.

Frederick, R.H. and Tracey, R.J., 1976: "Water Available for Runoff
for 4 to 15 Days Duration in the Snake River Basin in Idaho,"” NOAA
Technical Memorandum NWS HYDRO-29, NOAA, National Weather Service,
Silver Spring, MD.

Gumbel, E.J., 1958: Statistics of Extremes, Columbia University

Press, New York, NY, 375 pp.

"An Empirical Appraisal of

Hershfield, D.M. and Kohler, M.A., 1960:
Journal of Geophysical

the Gumbel Extreme-Value Procedure,’
Research, Vol. 65, No. 6, pp. 1737-1746.

Hershfield, D.M., 1961: "Rainfall Frequency Atlas of the United
States for Durations from 30 Minutes to 24 Hours and Return
Periods from 1 to 100 Years," U.S. Weather Bureau Technical Paper
No. 40, Washington, D.C.

23

Kaczmarek, Z., 1957: "Efficiency of the Estimation of Floods with a
Given Return Period,"” International Association of Scientific
Hydrology, Assemblee Generale, Toronto, Tome III, pp. 144-159.

Langbein, W.B., 1949: “Annual Floods and the Partial Duration Flood
Series,"” Transactions of the American Geophysical Union, Vol. 30,
pp. 879-881.

to Ten-Day Precipitation for Return

Miller, J.F., 1964: “Two-
U.S.

Periods of 2 to 100 Years in the Contiguous United States,”
Weather Bureau Technical Paper No. 49, Washington, D.C.

1973:

R.H., and Tracey, R.J.,

Miller, J.F., Frederick,
of the Western United States,

"Precipitation Frequency Atlas

NOAA Atlas 2, 12 Vols., NOAA, Nationmal Weather Service, Silver
Spring, MD.

Peck, E.L., Monro, J.C., and Snelson, M.L., 1977:
"Hydrometeorlogical Data Base for the United States,”

Preprints, 2nd Conference on Hydrometeorology, 25-27 October,
Toronto, American Meteorological Society, Boston, MA, pp. 75-78.

U.S. Weather Bureau, 1953 (revised 1955): "Rainfall Intensities for
Local Drainage Design in the United States for Durations of 5 to
240 Minutes and 2-, 5-, and 10-Year Return Periods. Part I: West
of the 115th  Meridian,” U.S. Weather Bureau Technical Paper
No. 24, Washington, D.C.

U.S. Weather Bureau, 1954: “Rainfall Intensity for Local Drainage
Design in the United States for Durations of 5—- to 240-Minutes and
2~, 5-, and 10-Year Return Periods. Part IL: Between 105°W and
115°W," U.S. Weather Bureau Technical Paper No. 24, Washington,

D.C.

Yarnell, D.L., 1935: "Rainfall Intensity~Frequency Data,’
Miscellaneous Publication No. 204, U.S. Department of Agriculture,
Washington, D.C. :




3 UN

JRE

LIST OF STATIONS

APPENDIX A

SN

LOCATION

Iu
ins a list of stations used in the analysis of

This appendix conta

=) 2 o2 o VD HHO = =3 g DO  Ort N
L] Ny 8 ol NN A [\ an N N N NN o
bl NHN M~ OV D MO H N0 N FF i O o 2N B
. ses o & o see cow . ee o s e se @
Y Nedi + 2 O B3 Qi o NI © I P D
N Nt N A T 0 NO ~ NP M A N N F
* * * % * * L& %% % %

FOONNFOINDIDPINDIDANNINTIANISLTNNINDIIAJINMOIDIDONDINAN
AUNANDNLF AN NANMONOIDADOVOT A=A OMNDONINANONOE DT TDNANIN
8 9 6900080 EP PGP0 LR ELsRLEEEGOEOLREBRSILOELIOEIEOL OGS
5961535)._25065474.055061.J.U)__8Uu.u.11r ANF DA D NN

AN HA ANAEAADNA 0N AN D e e - - e
NNDVAODNFDOONIODDIDDDIDGINIDDORFINVDZ~AUIDONNDINNDINDN
MAOFIN OOV INNDFONNNUINONNIDNAPOFOON T M-I OO
D00 VANOSOOINIFNINIADINONSINODHNVMNT I DOOINSAONNTR
N N0 ARNHN NN MANNFANA Nt =AM H 0 NN

MMM O N e OGN DO OO MO N A A B A o el el AN O = D it 08 - D D M- AL N0 AT
FAFNNATODINANAAATDIOANNF TIONANNOINFTONNFDAD AT DD

COMMHONPHM NN O AR DO OHIHOODOHD OO P AR N T
QI et O Ot e O bt et OO O A1l = AL O o O QT e e et VO 1 A A b O e el el i
R e R R e e e e e L P E P P PP B P A pe- R U S P e I PRl DI DRI ol

PDOOMDIVOANFIOOADNATN H JNDDOINVD AP ND N AN DD YD NS T
NFONIFVAANNOFNNDINHANNGF FUANOOONNF T NOF FNNAAFNDDINADNY
SO FNNDFNFNAURNO NS 10 F RN 0 F NN N F NN 2 o 5 & 3 00N INIODIO
FrrdFr3IIIIIFIIIAITISISIIIFIISIIFIIIISI TS IS I A I ST

< + =

- (4] w

N x . n

o a W XI=T u

= = o = W Wz a Gl

< < = < =] < <

z a0 o ul o= = 7L ES -
< @ o™ 2] ol ] wa e

- ol W =2 W - o el LI Xy < [2] pu |
2aXd 2 2 W O£ ZW W wEZ 220dNL W ad
WOIDd W M = W O3> O ZN W = Woo0d 0 - axX<
-l o Edtbos E TAO s Jeeamonz d JURS
oW Bm2ZAd L LI0ZLUNED SUCHJIZS W Wl >2za a1 =
AZEIWO —EW ZXHI2E=Z2H CCTIIOEE _ QII-LUO0 I~QITmZ <O

WHWWZDW S IXOHWUNLWLAEQZFOXUOX I ZSOXY2O0Z s Lt <O J ]
FAXXZT DR U ETORNA> JOYO0IZ CE Y 70 r oz dmoosoruAdaI]
ZTAL000IZIFIVIZOXO TWWOBWT ALILHHOOI DN Z LML LY ZaT
CLOONTOVIODINIWULL O T LT IDXY SN ESY L SN0 Yy XNF-DDD2R

MOANMSDOOONISMNOAN I HEIDNONNIKC e33O0 NN OO0 0NN
POAANONIT DONM-INODONFODAANNDAFRAHNDT +0NNPDOIDNFNM
MNFFO-O=HTTINNIDH4d QYOI ONFIANNDND~FNNOVOVDODIF DD

AN NNNROONNK F 3 FDONNDININNINOODWDAD MM P DD 00 0 B0

et OO O MU el o A P S T Y e oAbz W@
Q WoLOoOQCLWOHG®WES U W ACSELS 0YW HO O 0.0
3 Bw =] uPanaiMatrnm6sft
o . F) © I I e 2 3 =2 [« 23]
Sy, Ao g=P ~eBUOU~H—~ 0 ®
&4 Qo P g A o e <t S ey g0y 3 [ -
WTUH U@ 3g g o @ ~n L pp 5 0 oM w ~m U @ A
o & 1mewklnYonkugf1%cth
R B I "R - R = e~ - TR VI A P C
o g T SR LETO L8RS dw (B Aadl
P B Dueoa ol o ..DAyar ..Du
akva(m HHZ S gng & gE=S 8
I SHT XM EMAaTTY Y ES Y ol
Seron ygva (2L eenao-dc woag®
g 2a38 — & |= Q] -t 3 u © 5 @ - 5 H
0 g T +80a a0 godbdygyof «7 gd
AR - D H o e + g8 g0 Q
Pta"gweof§ ifrlmivlrseBh9 S
L OtVOC 2 Ao o] aO.lm b T oo
R Al h- 1 3 Ta8y2lolE, 8%y
P g tYL el MMn 9= 8,230 ,
VW Og n)emiiee AimP o O 3]
ET 8 goageREED Su 9 Hu e T
Hgookodo S EDANEHOY  4al ”iﬂt
ST R hwlhBpdevasdsy ne B 8%
@S948 hHg,  YhE sEegbw REld85
sHULagHd 02,08, sFo8vYIaveogET
I LR Tt AR E
Q P o oV gt N g U~ el
[ L -~ ] PR T,
@rhc%ﬁaﬂatwaﬁﬁﬂrms7r 29 99 o
oW o o 3] »n © I AR - Y &8 o
9% 2 T L2 Y980cgngieeTy .¥od
Lg* .89 Fa9% 2 EHEREEaP Y
ES9E802 Ho7Ee8E Q229" % §7 e
¥T9 w ~Q Y T 9 @ ol 1P
Pl ST gov® ) 4% a
o2 2GTE 2@ rnm.mrmcem 0 8.c o
" Qo — 0] ) o o B0 4 go
) o Vel 'y B g o b~ SsHddad gPa o
8 9 e, HPA g o lw2h ag v o
g5 2@ adu® o [ m S Mo o o
mswnv:manma.m.m g FoTgReewgp o
= =} o « ®©
He IO fg FOLTLI0EL. 0w
o o o o - = © o
tme Mntcmh PW m uNuﬂnM De%m
£ gD .q0 205000 Ea<w o 9 mlt
<] QO™ eHL dOwna g ¢ U owd o oy
O © -E /g~ 3 s P S ggw 0 pAS
O, % ®WhH mHEHIARYTED Y s9m7487 T
BT L EE g EPE p s H,B85EQER2
d A% g Q L Aap " 2°Rodp gL g
m’.nem ' o o By w ~ Q0w o
9 o g b9 O = o P9 o g o 8 ot o
=] &0 DR PD T hikdelo g B W oo
dogaloesdoadYaolionsdtas 20dg0d
O WM B0 O ked i3 ‘gt MM AeeSg” g ok
= g A gl O n0 @ ® HgO S o*r¥we.we B
LS HBAHJS O HO0 R e B D> 3]
VIV OIPES NSO YONLOGYDIA T .00
S UHA DL 0N A D QHERN TN N NGO NHMSJ.S o
VO o200 aH=-TDMN AGHISAIZNO O BB O

Ioado

HIVNVNG6TON
)

A
)

{
i

LOCATION

10

YRS

LIr

SNOWFALL MNG.-

rapP
(IND

>
(]
Su
Wi~

)

s
=N

Jw

(2

LAl
(UEG/wINY)

LOCATION

o

© ND o~ 0o 0o o
an N AN AN M NN Y N N N o~
an o ~O W o £k ) nN +0 =2 2
Ve .e «s o ses 4 o e . e .
[ DR M N NFD 0 Do e ] N
NF N e HAA A ADA o - N no ~

* % * * W% * #* * % * * ¥

2 Ak S B pa S S o Er 50N DS S ONDO0 SN S0 U A0 I AN SF0DD

NSWOOI- VN0 SNDINNNNTDONGT ST AIONHND VD T NYD INANT FOINS

I N R S N R S i i e eeseseue

DO DR VAN GRODD DI T AN DNN DD DD DDP 0BT Dl S VDRV D

UNFHA N e "D - B P e e Y e e A T T e

MOONANADINONAUNDNOOODINNJOUNNIN > 0D F IO OO - F NN NN OMD
DIO2HTRONNI NNONFI DOV HGOINNTHANDFDONQOT NOINMCAND LT INDAND
AN el e S Heledd mtedrieieietiet N AN AN AN A Nt

RO OMMONNDNUNMNIIOMOINDNOMAM NN NN AN DINAUDDN DN MM AMINDAINA
OFEDINNNDOHDINAHANONDIATINMNAANTODONNEF HMDAENNFNNNO-ANNDI NI TON

FHOOMMNNHAOCRODONRNMCNONOQOT OOOMME TN O Mmoo ane o
HAVNAUNHA A Vet (U s S A S e e A N A A N el e e et A A e e e AU N
e h e e e e e L e e L R e e e e e e e e e e e e e e e e e e e L e e e e e e R e Tt ]

CHROSONIMNARNHONNNRDF DA DCONINONMNMNT DOQDNONONNMNNFDINDN S
DFDNDNFNOINAONFHTAHIFNONOMNONTINNATHADI AN OAADDNNDNNN TN
VN Q000N D=0 D O DANE O M MDD D - O OSSO PO D0 OO~ O D
dFttrusrrIrrI I TSI I SIS TIISISIIIIIIII SIS TS S
a
[N = <
oy [ < 2
< = =2 0 w Cr <O <
aQ wI<t o = Ol wl [} o = 2]
= =2 L (210 td [72] 2] < w= L4
I AU 2 2 WD ow M 0 owz %] <Y X
oR=E [t - T Lt T ~ (= =L TN LJ
Lz I 30 gur M= Tu>n a [} (2] i = Wo
Z ] ALK XML OXYYXY XWX 0 e bl 2 W Jdv-ulld xo
Z0 Qe 00xdD NMAVLLLICZA LT [+ 4 ~Had Ogd dHdli2 0x
WI D 00 NIl xXHHn3 JUL 2 > 2T Tl Wi 2T
4 o 1 \ALESPJSITNA ZRNZ0>- A OTEAYAIIAﬂ-ﬂ.US OZHUU =g

AABCCCCCUDQEEEHIKKLLI—ﬂ.nquOOPPD-PP\UR\‘RSSSSSNHaHulﬂl‘- REITRI>

F-DODVONQMOINOF GO FT P ONR=I0OQANNNFOMQPINNOMMNODNOHNND F - OND
DAY DCHIO OISt TNNKA S LS00 A 00D ANDNNNIIN TN A0S 0RINNG
AN UMNFT OO0 00NDA-ANNONOYIG DINNYS-NPODASADP RNOPIOD2ODD AN S

el A S NANNNON T 3 F 3 FOONNOLCOE O OGOG N OODIN TN OND TN

oo [nd N00JVMNNDDIFD 2 2

NN N AUNNNN AN 9 o

Eolod N U52676 VN 0 P~

. . es s e asse s o

o ~ 624183“'85 ©

EL n VMANONNNTD ~ D

(=] -
LS. #* * *
OUDNNDDDONOPNADIINODDFONNDODANND
DVOSIDIOVFIUNMAUNAHOBNNDOAFTINNATND
sse s as e aBes s e ave et ssess e
NOYORNHDPVIT DN T DNINAICHFODD 0N
MNNNNNTONT AN A ANNNAUANANONN 0N

NN D FNAN D) NHA T NN T NN

OO AN IDOARAN-D NN OND F A+ MK
FOFVNUNANOFONDATIDH AN AN NN N AN

00 DU C N D NDD N ANOD D OO0 D DO IO D
Ll e e e e e e L L L e e e e e R T e L )
L e e e e e e e e

MR OO JNONRNDF 3 VNTONDARN-OF
HNFONFFONVVONANIUIHANDININHADO -

IS OOV ONOO NG O FDNOF DD T AIND
FFrrrgdtrIIrIIgFaSSIrTIIaIS ISt

X
- <L (] o
nud aw <
<l - A = 0
=20 < o o xX 0 =
(%2} Lot < [TRL] L Lt
ud [21%] [=]:4 uw o Jun
xulZ 12 fod Zrax Lo
WOl Ll 2] > Zswld O
(Ll w BN [ Ll Jw 2> =21 o
ZE<O O = ZQ Hx= Xl
L = QO w2 - Dpul TrLzd +
A 2 A OS00d O DWU AU
L 2 HHAEWDOHE _JI3LE>Z-F- oo
PHEOWOY OCOXUOIOTWURE-IVI-AL>IT
[l el ] ZZOANVHIUL G AuWJdzZoJd 0
W XYY ZIIJOR) NEANXOD I IZ
DI0O0 S WXL OWLUOWWILY IO L LT
<CDLUOWLILWIYY JTEZZ2000000NNZT
NSO HODNNHOAH AR BN O F N At A DN D DO
NGNS PFSNOAFODNDONT IPOV YN DN I
NDOVRANDDHA~HIDNOMANNTNODON0OO AT O
HANN NN F FINDG N OCVDD OO0 DO D

UuTAH
LONG.
(UEG/MIN)

NAP  SNUWFALL NO,
(Iie) YRS

(I

ELEV.
{FT)

LAY,
(BEG/RINY

LOCATION

0

- D Hio 2
(S ] NN 10
-0 & AD~ A
ce = sa e o
== N
FH O Rk S
tal
LE.S.1 LU *

M2 DL FDINOLGANPNDDON0
RO VINDIND T NOOHHINNININN
s sssemvesec0ses s
™ PORND MO0 JOO N T
MHrdetrfrd At el A N e

NODOAFINWVDIDIDDDOIN
WHNODOVOMNDI O MO+
NOQOHO T OO DIONDINNND
EEd I EE L s E K

DN DFMODMMNANNONON
HOONANANNTFINONFOFD

NN AN A A A A N A AN
B N L Lt Lo L I L R ]
A A A A A A A A A Ao

DIMPFONH I LN T O ON
NNONFOFOFT T IAAADDO0

Ll bl L L e e e L e L L L R g L D L
Fr3FFIrrrrrIrrrrs T

>
> x

Ly el [s]

jul 22 I+

2 =22 o

w I > S

w © b o AT

€= 2 wXx u & I

| e < O W Led a

x— 2 @ T =240

wo o oL OV whid

>  WZIZd-W HD3EZ0 0

HTLWDOX 30000 oz adu

XIL2ZZ2I0- =4 =HOO-HD

IZHIBFNEZZZIZZITEDT

ZORME JOWRSIIOLIWIWTAO

CHEXTXXROOOXO0Z0U>CO

NnULECIIJSIaTOo0ORXYNZE

Wik =t AN DA NO OOV T F O 0D
D2UVNNSNDIODPND OO0
MNP DIO N HHADT FONO DD

AN O ONINNINODD N0

24



APPENDIX B: DATA PROCESSING

As indicated in section 2, the daily data used for this study were
obtained from magnetic tapes, prepared by the Natiomal Climatic Data
Center in Asheville, North Carolina, for the National Weather
Service's (NWS) Office of Hydrology (Peck et al., 1977). Depending
on the particular station, these tapes contain observations of some
or all of the following: precipitation, maximum and winimum air
temperature, snowfall, snow on the ground, and water equivalent of
SNnOW cover. Almost all stations record precipitation amounts as
well as maximum and minimum temperatures. In the areas of the
western United States where the water supply is heavily dependent on
snowfall, a large number of the stations also report snowfall and
snow on the ground. Few stations report water equivalent. The
original set of data tapes covered the period 1948-73. These tapes
were supplemented by a set of data tapes covering the years
1974-76, Subject to funding availability, updates are planned for
subsequent periods, but, at the time of this study, no further data
were available to the Office of Hydrology. Not all stations had
observations for all years. (See table 1 in text.)

While only those stations with 15 or more years of data were
ultimately used, all available precipitation, maximum and minimum
temperature, snowfall, snow on the ground, and water equivalent data
for all stations within the study area were extracted from the
magnetic tapes and transferred to direct access disk files. An
indexing system allowed random access to any quantity for any
station and for any year. This greatly facilitated quality control
and further processing of the data, Because the primary inputs to
the snowmelt model were precipitation and maximum and minimum
temperature, these quantities were automatically screened for
potential problems. A computer program flagged large gaps in the
data, printed all values outside predetermined upper and lower
bounds, and produced frequency distributions of the data for each
Using the frequency distributions, the program also indicated

year.
the dates of observations that were "outliers,” Another possible
problem, limited to precipitation, was the occurrence of
accumulations. Accumulated precipitation is a total over some

number of days, and is recorded on the last day of the accumulation
period. Accumulations extending over long periods were also
automatically flagged. The program flagged 1large day-to—day
temperature variations. Large changes usually indicated either
erroneous data or the passage of a frontal system.

The output from the screening program was used as the basis of a
manual review and edit of the data. No data were actually discarded
or edited automatically. In some cases, data available in published
form (Environmental Data Service, 1948-76), had not been included on
the magnetic tapes. The manual edit also added these values to the

data base.

On completion of the manual editing, the data base was “"clean” but
still had gaps due to missing data, and, in the case of
precipitation, due to accumulations. - Because the snowmelt model
required continuous observations, these gaps had to be filled if the
model were to be run on a given year. For missing values, linear
interpolation between the last observation before the gap and the
first observation after the gap was rejected. This would not have

been appropriate for precipitation because of its sporadic
day-to-day variability. While the time variation of temperature is
considerably smoother than that of precipitation, winter

precipitation is frequently associated with the passage of frontal
Because accurate temperatures are vital to the model's

systems. :
ability to discriminate between rain and snow and, hence, are
crucial to the successful modeling of snowpack buildup, temporal

interpolation may not have provided adequate estimates.
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As an altermate to time interpolation, the possibility of spatial
interpolation was examined. Scatter diagrams showing the
relationship between daily observations of precipitation and maximum
and minimum temperature between pairs of stations were generated.
Although the scatter was considerable in some cases, there was no
indication that the relationship was anything but linear. The
scatter increased as the separation between the two stations became
larger, and there was much more scatter for precipitation than for
either maximum or miniwmum temperatures,

Based on an examination of the scatter diagrams (not shown),
linear correlation coefficients between precipitation or temperature
at a number of "base" stations and all other stations within the
study area were calculated and plotted as a function of separation
distance. (To avoid the amount of computing time that would have
been required, the correlation as a function of separation distance
was computed for only a representative sample of stations.) This
was used as a guide to determine separation distances over which
spatial interpolation would be reasonable. Figure B-1 shows an
example of how the correlation between precipitation, and maximum
and minimum temperatures at Anatone, Washington, and other statioms
within the study area varied as a function of separation distance.
These curves are based on averages of all stations falling within
3-mile radius intervals. They show a general decrease with
separation distance. The low precipitation correlation around
25 miles appeared to be specific to Anatone because it did not occur
at other stations that were examined. Similar anomalously low (and
high) correlations occurred randomly at separation distances that
varied from station to station.

The curves for maximum and minimum temperature at Anatone show
much higher correlation than for precipitation, and the decrease
with increasing separation distance is much smaller. This reflects
the fact that spatial temperature variation 1is much smoother than
that for precipitation which, at times, tends to be stochastic in
nature. Based on the data sample that was examined, the factor
limiting the separation distance over which spatial filling was
attempted was the spatial decay of the precipitation correlation
coefficient. A preliminary range cutoff of 50 miles was selected.
At this range, a typical precipitation correlation coefficient was
about 0.5 and the maximum and minimum temperature correlations were
about 0.9 and 0.8, respectively.

All stations were automatically examined on a year-by—year basis
for missing data. For those stations that had missing values, a
search was made for all other stations that fell within 50 miles of
that station. A further check was made to eliminate all stations
that were more than 100 feet above or below the station with missing
data. Correlation coefficients were computed between the station
with missing data and all stations within this cylinder (radius
50 mi, height 200 ft) centered on the station.

If there were more than four stations within the cylinder, the
four stations with the highest correlations were selected. This
selection was made separately for each year and for each quantity.
This meant that the stations used to £ill one variable, say maximum
temperature, could be different from those used to £ill another,
such as minimum temperature. Also, the stations used could vary
from year to year. If there were less than four stations avallable,
those that were available were used. In any case, 1) no station was
used if the correlation was less than 0.37, 2) at least one station
had to have a correlation of 0.5 before filling was attempted,
3) stations with correlations less than 0.5 were flagged to indicate
that the interpolations should be checked, and 4) the length of the
gap to be filled was no greater than a preselected duration.
Because of the highly variable nature of precipitation, gaps longer
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Figure B-l.-—Correlation between (a) dally precipitation amounts
(b) minimum temperature, and (c¢) maximum temperature at
Anatone, Washington, and all other stations as a function of

separation distance. All correlation coefficients within 3-mi
radial intervals were averaged. :
than one week were generally not filled on the first pass. The very
high correlation between the temperatures at various stations

permitted sufficient confidence to allow filling of temperature gaps
of almost any length.

Using those stations available within the cylinder that met the
above conditions, a missing value was filled with the welghted
average of the simultaneous values of the surrounding statioms. The
weighting factors were determined by normalizing the square(s) of
the correlation coefficient(s) between the station with gaps and the
surrounding station(s) by the sum of squares of all correlation
coefficients. (The square of the correlation coefficient 1is a
measure of the amount of varlability that a linear relationship
between the two stations would explain.) 1In the case of large gaps
in the temperature data, there had to be at least 100 days where
both the station with missing values and the one used for filling
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Table B-l.——Example of scheme used to distribute precipitation

accumilations
Station
Day A B C Factor
Precipitation Precip. Fraction {Precip., Fraction
amount {in.) amt. of total amt. of total
before after (in.) amount (in.) amount
1 * 0.11 0.20 0.19 0 0 0.095
2 % 0.25 0.25 0.24 0.20 0.17 0.205
3 * 0 0 0 0 0 0
4 * 0.82 0.60 0.57 0.95 0.79 0.680
51| 1.20 0.02 0 0 0.05 0.04 0.020
Total| 1.20 1.05 1.20

had simultaneous observations. Thils was done as a practical matter
to ensure representative correlation coefficients and, hence,
representative weights, A blas adjustment was also made to the
temperature data, primarily to account for the vertical lapse rate
of temperature. This was done by simply adding or subtracting the
mean difference between the two stations' temperatures before the
weighted average was computed.

In some cases, all missing data for a particular station, year and
quantity were not filled on the first pass. Generally, at least one
more pass was attempted in order to fill the remaining missing
values, The approach was to examine the correlation at more
stations by increasing either the radius and/or the elevation used
to define the cylinder containing these stations. The amount of
radial and elevation increase depended on whether the quantity was
precipitation or temperature. In .the case of precipitation, the
limits were more stringent because of the rapid decrease 1in
correlation as a function of separation distance (fig. B-1). On
occasion, a second pass was made in an attempt to fill gaps in the
precipitation data that were longer than a week when the surrounding
stations showed high correlation with the station containing the
missing data. In all cases of precipitation £illing, large
interpolated values (more than 1 in./day) were manually verifed
against supporting data from surrounding stations,

The method of filling gaps in the precipitation data that resulted
from accumulations was also based on those stations falling within
the cylinder described above; the stations used were identified and
selected in the same manner. Since the total amount of
precipitation that fell. during the gap was known, the limit on the

interval that could be filled was increased to two weeks. The
remaining problem was to determine how to distribute the
precipitation over the accumulation interval. For each surrounding
station used, the total precipitation that fell during the

accumulation interval was determined. Then the fraction of this
total that fell on each day was determined. The weighted average of
all fractions was then applied to the accumulation total for the
station to be filled.

To illustrate this, consider the example presented in table B-l.
Data from three hypothetical stations are presented. Over this
period a total of 1.20 in, of precipitation fell at station A.



During this same period 1.05 in. fell at station B and 1.20 in. fell
at statiom C. For station B, 0.19 of the 5-day total fell on
day one, 0.24 fell on day two, no precipitation fell on day three,
0.57 of the total fell on day four, and none fell on day five. The
corresponding values for station C are: 0, 0.17, 0, 0.79, and
0.04 percent. Assuming both stations are within the cylinder, and
that both have the same correlation (equal weights), the factors
applied to.the accumulation for station A are given in the last
column. That is, the day one value is found by multiplying 1.20 by
0.095, etc. The resulting interpolated amounts for station A are
given in the “after” column. When all accumulation gaps were not
filled during the first pass, subsequent passes with increased
limits (on the search cylinder size) were generally attempted.

In some cases small gaps, either due to missing values or
accumulations, could not be filled using the above approach because
there were no stations within the cylinder with a high enough
correlation, In a few isolated cases, if it was unlikely that
erroneous values would be introduced, subjective interpolations were
made. The most common case occurred when a missing precipitation
value was filled with zero because few if any of the surrounding
stations recorded any appreciable precipitation.
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APPENDIX C
Model—-Derived, 1-Day Water Equivalent Frequency Estimates

As a by-product of this study, annual series of Il-day water
equivalent values were determined from the model simulations. While
the frequency estimates in this appendix are given to two decimal
places, this is not meant to imply confidence at this level. 1In
general, the same problems assocliated with short duration WAR
estimates are likely to affect the water equivalent estimates. (See
section 5.2.) In addition to these model-associated uncertailnties
that are nearly impossible to quantify, there are uncertainties
associated with the fitting of the data (using the Gumbel technique)
to the Fisher-Tippett Type I frequency distribution. While it seems
reasonable to fit the data to a Fisher-Tippett distribution, we are
unaware of any work examining the appropriateness of the use of this
distribution with water equivalent measurements. No attempt was
made to explore this question as part of this study. The only
component of uncertainty that was readily quantifiable is that
associated with the (small) sample size. For each station in the
table that follows, two values are given for each return period.
The numbers on the first line are the water equivalent frequency
estimates. The numbers on the second line provide a factor that can
be added to or subtracted from the corresponding frequency estimate
to yield the 95 percent confidence interval and were determined
using the technique of Kaczmarek (1957), As a practical matter, the
values provided in this section should probably be rounded to the
nearest whole number. We feel that no greater confidence is

warranted.

Water equivalent frequency estimates in this appendix are only
provided at station locations. Maps portraying these fields would
have been  subject to considerable uncertainty 1in data sparse
regions. Additionally, the work required to depict these fields was
beyond the scope of this study. The listing that follows 1s divided
into two sections: the first section contains the stations in the
Tri-State reglon and the second contains estimates for stations in
the northern Utah area. The stations are identified by their code
numbers. The first two-digit number is the state code (10 = ID,
35 = OR, 42 = UT, 45 = WA) and the second 3~ or 4—-digit number is
the station code. Appendix A contains a table providing a list of
station code numbers, station names, and their locations that can be

used as a cross reference.

TRI~STATE REGION

STATE/ NO. 2=YR 5-YR 18-YR 25=-Y -YR j -
STATION YRS. STYR50-YR 10U-YR
10/ 525 2 5.52 3.22 11.67 14,77 17.07 1Y.35

l1.18 2.20 5.06 4.20 5.00 5,93
10/ 667 28 2.58 4,42 D.64 7.18 8,32 J.46
0.52 0.94 1.30 1.78 2.14 2.50
10/1956 28 297 S.564 7.41 J.65 11.3U 12,95
0.75 1.36 1.88 2,58 3.1V 3.63
10/2154 19 1.986 3,93 5.23 6,88 BelU 931
0.64 1,20 l.67 2,29 276 3,23
1072575 24 15411 20,09 23.39 2/.,55 30.64% 33.71
l.48 2,73 3.78 5.18 629 129
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APPENDIX D: DETAILS OF WAR MAP ANALYSIS

The separation between locations where observations were available
was so large that, for a significant portion of the study area, the
station data alone were inadequate to define small-scale variations
in the water available for runoff (WAR) field. This was
particularly true in the orographic areas. An assumption was made
that a significant part of the station—to—-station variability could

be related to topographic and meteorological factors. At all
stations in each region, a number of factors such as station
elevation, slope of the terrain around the station, latitude,

longitude, and mean annual precipitation (MAP) were determined.
Using these data as candidate predictors of the WAR estimates at the
stations, screening regression was performed on the data to attempt
to determine equations that could describe a relation of WAR to
quantities that could be estimated at points where no observations
were available. The resulting equations were applied on a 5-minute
latitude-longitude grid of points. The analysis of the WAR fields
presented in this publication was performed on maps that included
both the 5-minute grid data and the WAR amounts at the stations.
This approach is the same as that used by Miller et al. (1973) in
the NOAA Atlas 2 series for precipitation—frequency and by Frederick
and Tracey (1976) in their study of WAR in the Snake River Valley.

The Tri-State region of the study was too complex to be considered
meteorologically homogeneous. The region was divided into smaller
subregions over which 1t was assumed that a single interpolation
equation would be adequate., 1In an approach such as this, there is
almost always a tradeoff between the.K need for a relatively small
region that has similar meteorological conditions everywhere within
the region and an area large enough to assure an adequate number of
stations to allow confidence in the equations developed. The most
obvious division was between the orographic areas and a second
region that included the floor of the Columbia River basin. For the
latter, the topographic variability was modest; we assumed that the
stations were not strongly influenced by local topograhic effects
and, therefore, were representative of broader areas than the
mountainous locations. For the station density available, it was
not deemed necessary to develop equations to aid in interpolation
between stations in this region (basin floor).

We 1nitially divided the orographic areas into four separate
regions. The first, along the western portion of the study area was
influenced by the broad scale flow over the Cascades and was
primarily made up of lee-side stationms, The second area was a
mountainous regionm mainly in Idaho, but it included parts of both
Washington and Oregon. These mountains run primarily north-south
and roughly parallel to those in the first region. A third region
was made up of mountains in the southern portion of the basin. This
area is subject to relatively unimpeded moisture flow into the basin
through the Columbia River Valley. The last region included the
mountainous areas in the northern portion of the study area.
Initially, equations were developed for each orographic region. In
doing so, no region had enough stations to provide sufficient
confidence in the vreliability of the Tresulting equations.
Examination of the results indicated that the predictors selected by
the screening regression for both the northern and western areas
were similar. Both the eastern and southern regions also ylelded

prediction equations that had a number of common factors
(predictors). Because of these similarities, the four orographic
regions were combined to create two regions for which final

interpolation relations were determined. These regions are showm in
figure D-1, The boundary of the region including the basin floor,
corresponds roughly to the 2,500 ft elevation contour. The
northwest region includes mountainous portions above 2,500 ft that
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Figure D-l.—Map defining the regions over which a single

interpolation equation was used to produce grid-point

WAR-frequency estimates that were used to guide the analysis in
data sparse regions. :

are north and west of the Columbia River. The southeastern region
is made up of the orographic areas above 2,500 ft south and east of
the Columbla River, Even after this consolidation, neither
orographic region had a large number of higher elevation stations.
Application of the resulting equations in the highest elevations
must be considered an extrapolation rather than a interpolation with
a resulting lower degree of confidence in the grid-point estimates.

While the Utah portion of the study included a relatively flat
portion in the west and a mountalnous area in the east, there were
so few stations available that no attempt was made to divide the
region. Because there were practically no stations representing
conditions in the mountains, special care was taken in the use of
the interpolation equations in the higher elevations.

Equations used to provide guidance in analyzing between stations
should, ideally, involve only quantities that can be observationally
determined at each grid point. Unfortunately, it was not possible
to obtain interpolation equations using such factors that
simultaneously explained a considerable portion of the variance and
had only a few terms. If there are a large number of terms in the
equation, there can be little confidence that the equation depicts
underlying phenomena that account for variability within the
region. (It becomes an exercise in curve fitting.) Therefore,



Table D~1.—Regression equations used to interpolate between statiom locations

Explanations for Table DIl

mean annual precipitation

elevation and average

difference between station
elevation at 2.5 mi (8 points)

north-south slope across the station (grid-point)
location: difference between 3-point average elevation.
20 mi north and 20 mi south of the location, divided by

40

north-south . slope across the station (grid-point)
location: difference between 3-point average elevation
10 mi north and 10 mi south of the location, divided by
20

north-south slope based on the difference between the
station (grid-point) elevation and the highest feature
north of the station (between 315-45°) within 20 mi of
the station (grid=-point) .divided by the separation
distance between the high point and the station

longitude minus 120

east—-west slope based on the difference between the
average elevation within 2.5 mi . of the station
(grid-point) and the 3-point average elevation 20 mi east
of the station (grid-point), divided by 20
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NORTHWEST TRI-STATE SOUTHEAST TRI-STATE UTAH
2-yr l-day W1 = 0.23 + o.39(w2’5) Wy 1 = 0.06 + 0.28(W2’5) W1 = 0,52 + 0.30(w2’5)
+ 0.07(Xg) - 0.02(Xy) + 0.13(Xp)
‘ 100~-yr 1-day Wloo,l = 0.64 + o.40(w100,5) wloo’1 ='0.05 + 2.05(w2’1) Wi00,1 = 1.33 + 1.16(w2’1)
- 0.92(x3) + o.31(x7) + 0.08(X6) + 0.23(x12) - o.12(x11)
2-yr 5-day W25 = 0.76 + 0.10(X,) Wy s = ~-0,02 + 0.99(X1) Wy 5 = 0.84 + 0.08(X;)
+ 0.39(x4) + 0.02(x5) - 0.45(x8) + o.53(x9)
100~yr 5-day Wloo,s = 1.21 + 2.23(w2’5) Wloo,s = 0.32 + 1.95(w2,5) Wi0o,5 = 0.48 + 2.02(w2’5)
+ o.22(x2) + 0.67(X7) + 0.17(x6) - 0.58(x4)
2-yr 15-day wz’15 = -0.54 + 1.79(w2’5) Wy 15 = -0.86 + 1.96(W2’5) Wy 15 < -0.57 + 2.30(w2’5)

- 0.82(X;4)

east-west slope based on the difference between the
average elevation within 2,5 mi of the station
(grid—-point) and the 3-point average elevation 5 mi west
of the station (grid-point), divided by 5

east-west slope based on the difference between the
average elevation-within 5 mi of the station (grid—-point)
and the 3-point average elevation 10 mi west of the
station (grid-point), divided by 10

east—west slope based on the difference between the
average elevation within 2.5 mi of the station
(grid-point) and the 3-point average elevation 10 mi west
of the station (grid-point), divided by 10

north~south slope based on the difference between the
station (grid-point) elevation and the 3-point average
elevation 2.5 mi north of the station (grid-point),
divided by 2,5 .

north-south slope based on the difference between the
average elevation within 5 mi of the station (grid-point)
and the 3-point average elevation 10 mi north of the
station (grid-point), divided by 10

east-west slope based on the difference between the
station (grid—-point) elevation and the 3-point average
elevation 10 mi west of the station (grid-point), divided
by 10



we decided to use MAP as a predictor. While MAP may be an excellent
predictor whose value 1s known at the stations, maps depicting it
are subject to similar station density problems that led to the
development of interpolation equations in this study. Away from the
stations, there may be error in the MAP field. Equations using this
quantity as a predictor include this unknown error in the grid-point
estimates., Thus, even though the regression equations explain most
of the variability at the station locations they may provide poorer
estimates at the grid-points. However, the station density problem
is somewhat less severe since there are usually a greater number of
stations available for use in developing MAP fields.

The interpolation equations used in the three subregions for which
they were required are presented in table D~1. The predictors used
in these equations are dependent on the sequence in which the maps
were analyzed. The first map analyzed was the 2-yr 5-day map. This
field was chosen because we felt the results at this duration and
return period were more reliable than the l-day amounts and the
100-yr return period. As discussed in the text, the implementation
of the model in this study at point locations probably lead to
poorer day-to—day simulations (sec. 5.2). There appeared to be a
considerable amount of compensation for summations over several
days. Hence, the assumption was made that a 5-day total would be
more reliable., While we could have started our analysis with the
2-yr 15-day map, the 5-day map was preferred because it could be
used directly to provide guidance for analysis of both the l-day and
the 15-day maps.

The first attempt to develop an equation to use as an aid to
interpolation between the stations for the 2-yr 5-day WAR field
withheld MAP as a candidate predictor. The number of terms required
to explain a significant portion of the variance was determined to
be too large. When MAP was allowed into the screening regression,
it was the first predictor selected. In the northwest portion of
the Tri-State region, no additional quantity was found that could
provide a wmeaningful reduction in the remaining unexplained
variance. In the other two regions, additional terms were included
that acted as "second order corrections” to the basic MAP field. 1In
both cases these terms involved slopes: north—south slopes in the
southeast Tri-State region and east—~west slopes in Utah,

The order of analysis of the remaining maps was: 2-yr l-day,
100-yr 5-day, 100-yr l-day, 2-yr 15-day, and 100-yr 15-day. In all
cases the screening regression selected one of the previously
analyzed WAR fields as the primary predictor. (See table D-1.) All
three regions used the 2-yr 5-day WAR field to predict the 2-yr
1-day WAR field. 1In the southeast Tri-State region and in Utah,
additional terms provided second order corrections. In both regions
slopes were involved; in the southeast Tri-State region, longitude
was also a factor. For all three regions, the 2-yr 5-day WAR field
was the only quantity used to help interpolate between stations for
the 2-yr 15-day field. Similarly, grid-point estimates of the
100-yr 5-day field in all three regions depended on the 2-yr 5-day
field. But in this case, there were second-order terms that varied
from region to region. Of interest is the additional term in the
equation for the northwest Tri-State region. It was essentially a
measure of the local exposure of the station (grid point)
location. The equations for the 100-yr l-day field are the only
case in which the same "primary" predictor was not selected for all
three regions. The 100-yr 5-day field was selected for the
northwest Tri-State region, while the 2-yr l-day WAR field was used
in the other two regions. The 2-yr 15-day WAR field was selected by
the screening regression to provide guidance in analyzing the
100-yr 15-day field. Only in Utah did an additional term provide
any meaningful enhancement.
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The most striking feature of the interpolation equations is their
interdependence. Since all are somehow related to the 2-yr 5-day
WAR field, they are also related to the MAP field. We consider it
reasonable that these relationships occurred in the statistical
analysis because we believe that such mutual dependencies exist in
nature, The wmost common “correction” terms involved either
east-west or north-south slopes. Both may have plausible physical
bases., Moisture bearing flow in these areas usually has a westerly
component. Alr with high humidity is forced to rise when it
encounters significant orographic features. This ascent 1is
accompanied by adiabatic cooling, leading to condensation and
precipitation, That this, in fact, may have been the underlying
physical factor is strengthened by the absence of an east-west slope
term .in any of the equations for the northwest portion of the
Tri-State region. 1In thls area, much of the available moisture in
the air would probably be depleted by flow over the Cascades. A
north-south slope could be related to either enhanced snowpack
buildup on morth facing slopes, to enhanced melt on south facing
slopes, or to both factors, The appearance of longitude occurs only
in the southeast Tri-State region and could be related to the
distance from the Pacific which is the major source of moisture.

Table D-2 summarizes the statistics relating to the regression
analysis. 1In all cases the correlation was high. But as mentioned
above, all equations depend eilther directly or indirectly on MAP.
While this quantity is known accurately at station locatioms, there
may be considerable wuncertainty in MAP analysis between the
stations. Therefore, the abillity to accurately predict WAR at the
grid points 1s limited by the accuracy of the MAP field at these
locations. Therefore, the impression of accuracy given by the
correlation coefficient or the standard error of estimate probably
overstates the quality of the grid-point estimates. The standard
error of estimate, as a percentage of the mean of the station
values, is largest in the Tri-State region (10-15 percent). In Utah
it is considerably smaller (5-8 percent), but this may be due in
part to fewer stations and to the genmerally larger number. of terms

in the equations, Further, most of the stations available were in
relatively flat terrain, leading to a vrather simple and
meteorologically homogenous set of stations. Because of this, less

reliance was placed on the grid-point estimates in the mountainous
portions of this region.

Once the interpolation equation for a particular region, duration,
and return period was set, the quantities necessary to generate the
predictors involved were read from a 5-minute latitude-longitude
grid of points. This was done by placing a transparency containing
markings at the eight major points on the compass at ranges of 2.5,
5, 10, and 20 miles away from the central location. For instance,
predictor X, (table D-1) was made up of the elevation at the central
point and é%e eight points (N, NE, E, SE, S, SW, W, and NW) at a
range 2.5 miles from the central point, X, was calculated by
subtracting the elevation at the central po%nt from the average
elevation at the eight points 2.5 miles away from the central
point. Another example is XlO: it was found by reading the nine
points mentioned above and the elevation 10 miles away from the
central point to the southwest, west, and northwest. The average of
the central nine points and the average elevation of the three
western points were then determined. The slope was found by forming
the difference of the two averages and dividing by 10 miles. All
elevations were expressed in hundreds of feet. Most predictors were
made up of average elevations to provide more stable predictors. By
using a fixed grid, the point elevations read from topographic maps
may not have been truly representative of the topography on a scale
likely to interact with the prevailing precipitation processes.,



Table D-2.——Statistics relating to the regression equations in table D1

Northwest Tri-State Southeast Tri-State Utah
Number of

Stations 28 59 21
Standard Standard Standard
Correlation Station error of Correlation Station error of Correlation Station error of
coefficient mean estimate coefficient mean estimate coefficient mean estimate
(in.) (in.-%) (in.)  (in.-%) (in.) (in.-%)
2-yr 1-day 0.99 1.32 0.10- 7.5 0.96 1.23 0.11- 8.9 0.91 1.13 0.09-8.0
100-yr l-day 0.97 3.42 0.48-14,0 0.94 2.88 0.29-10.1 0.93 2.62 0.16-6.1
2-yr 5-day 0.98 2.76 0.41-14,9 0.92 2,52 0.44-17.5 0.93 2.19 0.14-6.4
100-yr 5-day 0.98 6.98 0.94-13.5 0.96 5.91 0.58- 9.8 0.89 4,67 0.36-7.7
2-yr 15-day 0.99 4,41 0.42- 9,5 0.98 4,09 0.43-10.5 0.96 3.09 0.16-5.2
100-yr 15-day 0.99 10.53 1.12-10.6 0,98 9.20 0.86—- 9.3 0.93 6.90 0.55-8.0

X: 1s the only example of a subgroup of slopes used as candidate
pregictors that attempted to determine representative slopes not
dependent on specific grid-point  elevations. This group of
predictors used the elevation of the highest significant feature
within a pie—shaped sector defined by a 90-degree azimuth interval
and within some fixed range. A difference was formed between the
typical elevation of this prominent feature and the station
elevation, and this difference was divided by the separation
distance between the two to yield a slope.

The actual map analysis involved plotting the grid-point estimates
together with the station values on a base map. In addition to the
station values, the length of record and the deviation from the
regression estimate were also plotted. In general, the analysis was
done using a map containing generalized topography as an underlay.
This allowed additional subjective consideration of the influence of
topography on the WAR fields. For maps using another WAR field as
the primary predictor, the predictor field was also often used as an
underlay to aid the analysis process. Ultimately the analysis was a
subjective attempt to fit the station data, the grid-point
estimates, the topography and any other meteorological information
available to the analyst into a consistent result. In a number of
cases the available information was not internally consistent. The
analyst was forced to exercise considerable judgement in the most

extreme casesSe.
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When each map was completed, the resulting fields were read at the
grid-point locations and ratios of the completed fields were
computed. This was done to ensure consistency among the entire set
of maps. This last step involved an examination of ratio fields to
ensure that the variation was regular and that gradients in the
ratio fields could be -explained on the basis of reasonable
meteorological principles. As part of the comsistency checking
using ratio fields, we also compared the l-day WAR fields to results
from NOAA Atlas 2. (See sec. B for discussion of these
comparisons.) In this comparison, we assumed that the WAR amounts
should be at least as large as the values from NOAA Atlas 2 since
the former should include all large rain-only events as well as
rain-on—-snow events that could be larger than rain-only events. We
examined the station data for examples of annual events occurring as
snow only. 1In these cases, the precipitation recorded for the 24-hr
period could be released over a period of melt, producing a WAR
amount less than the annual precipitation amount. While there were
some instances of this, they were infrequent and tended to fall in
the central portion of the ranked WAR series. They had no
appreciable influence on the statistics for any station in this
study. A further rationale for ensuring that the WAR estimates be
larger than the precipitation amounts in NOAA Atlas .2 is the longer
record length available at a number of stations used in the
latter. This made sampling problems less likely. Consistency
checks associated with NOAA Atlas 2 produced no modifications in the
orographic areas and only limited modifications in the lower-lying
portions.



APPENDIX E
WAR FREQUENCY MAPS
Tri~-State Region

1-Day
E-1. 2-yr
E-2. 100-yr

5-Day
E-3. 2-yr
E-4, 100-yr

15-Day
E-5. 2-yr
E-6. 100-yr

Northeastern Utah

1-Day
E-7. 2-yr
E-8. 100-yr

Snake River (after Frederick and Tracey 1976)
and Northwesteru Utah

5-Day
E-9. 2-yr
E-10, 100-yr

15-Day

E-11. 2-yrx
E-12. 100-yr
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