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Abstract
[\tilnrte\ ofp.ccjpilrlion lue olien rcquircd to model hrdrologic and ecologic pfoces\cs. A vuiet) olmethod\ crD be fbund in rhc
lite[tufe tbr n]odcling the occu'rencc ,rnd dinribution of dnjl) prccipitlltion rmou.ls. Hefe \\'e tesi rhcir applicability against
cmprficrl dala lbr the H. J Andre$\ Erperiment.rl Foresr in Orcgon. A stochastic model fbr genefaring d.rily precipiraion $as
dereloped rsrrg r two strte Nlxrko\ clain model fi)f occuncncc ol pfecipirarion. Fi!c dilierent rheorerical distriburims for lhc
Prec4ril.riion inrounl were conrpared. u\inS d.rtr fiom lhe Andrcss [xperirnenral l-orcsl in rhe \Vesrern Cascades ofOregon. Ol'
lhe dist r ibut ions c\amired ler iponent ia l .  c . l l ibmted \ t ibu11. cal ib.a lcd betr-P xncl  t$o I  pur. rneter  gam a c l isrr ibut ions).  r l rc
c.r l ibr . l tc t l [ :e ibuI ld i \ l r ibul i0nandt$opara. lc tcrs.rnndi \n ibnt ionappcart( ]bebette| tors i lu l ! t ing
Surh nn)dels cxn bc u\cd to lenefate precipilrlil)n input n) procers ba\ed deterministic h,,-drologic nmdels usciul lbr \imulxring
h,"-drologic rnd ccologic respon\es ro cunrula l ive \ \atefshed ei fcct \ .

Introduction

Stochastic nrodels lbr gencrating daily precipita-
tion are fiequently used in a \,ariety ofhydrologic,
ecolo-sic. -{:eomorphic, ancl rvater resoulces stud-
ies. These modcls relv on assumptions about the
probabil it) '  dislribution of lainfall for I parricu
lar landscape. Such nodcls are useful for extcnding
meteorologic and hydrologic rccords beyond the
linrclranle of empirically measured valucs. f i l l-
in t :  i t t  m is . in ! '  L | r t r r  r r t  lo lg  le rm rnc . r r r r re rnent . i le . .
and synthesizing records fitr unmeasured water-
'hed . .  I  l t c  , ' r r t l .u l  l ro t t )  r l , ' (h r . l i (  n rec ip i t r t r , 'n
models can bc used. in turn. as input to hydro
logic rnd ecologic nrodels that predicl soil mois-
ture. rLrnoff, or the ar,ailabilitv of *ater lbr plants.

Here ue dcscribe developing a nrodel fbrgen
eraling prccipitation data as input to process-based
determin is t i c  hyc l ro log ic  modc ls  a t  the  H.  J .
Andrervs Experimcntal Forest (HJAEF.). The For
est. \\ ' lr ich is located in thc westert Cascadcs of
Oregon. and is I Long Term Ecological Research
(LIER) site llnded by the National Scicnce Foun
dation (NSF). A maior topic of research at thc
HJAEF is the relalionship among hvdrologic.
ecologlc, and geomorphic proccsses. While pre-
cipilation and otherclimate data has been recorded
1or morc than 50 vea$ at tlre Andrews. t'nodcls to
slnulate prccipitation are nccdecl to extend thal
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lecord ovcr century or longcr timescales associ-
ated with tbrest sucession, disturbance, and other
ecological processes.

A variety of models can be lbund in the
literature for simulating daily precipitation
(Todorovic and Woolhiser. 197,1: Smith and
Schteiber. 1974: Chir. l977; Buishard, l97li:
Roldan and Woolhiser, 1982; Richardson and
Wright. 198:l). Due to the complex narure of rainfall
processcs. rny rainfall model involves simplit ied
i:rssumptions of the process. For most practical
problens, thc model that best describes the pre-
cipitation distribution and amounts is preferred
(Richardson, I 982). Our purpose hele is ro tcst lt
variety of models with differcnt underlying as-
sumptions against the actual data in order to se-
lect thc best model or nodels to use for thc HJAEF.
We expect that the models that $'ork best fi)r the
HJAEF will also be most appropdate for other
watersheds in the westem Cascades with similar
precipitation regines.

Models ftrr generating daily rainfall scquences
tl,plcally use a sepante process tbr the rainfall
occumence ($et-dry event) and anothgr process
for the raintall amounts on wet days (Todorovic
and Woolhiser, 197'1; Buishand. 1978: Richardson,
1982). Several approaches have becn used tbr
describing the occurrcnce of rainfall and the



distribution of rainlall amounts giveD the occur
rence o f  ra in  (Bu ishand.  197 lJ :  Ro ldan and
Woolhiser. l9E2; Woolhiser ard Roldan. 1982:
Richardson, 1982). For thc rainlall occulrence.
thc Markov chain ancl the alternating renewal pro
cess (ARP) har,e been generally used for modcl-
ing rvet- drl day sequences. In pafticular. the
Markov chain model is used extensivell lor daily
precipitation (Gabliel and Ncuman. 1962; Haan
et rl.. 1976: Smith and Schreiber. 197'1; Roldan
and Woolhiser, 1982: Richaldson rnd Wright,
1911,1). Buishand (1978). and Roldan and Woolhiser
( 1982) leported advantages of using thc Markov
chain model over the ARP model. The.v repo ed
thal thc gcncrrtion {)fsynthetic secluences ls sln
pler for a Markov chain ancl its parameters can
be obtained nole easily than for the AI{P nodcl.

The most common approach for describing
the distribution of rainll l l  arrounts on days with
rain is to ignore the serial autocorelation and col
sider that rainfall anlounls arc scriall i- indepen-
deDt aod to 1lt solne theoretical distdbution 1o $c
precipitation amounts (Todorovic and Woolhiser,
1974. 1915: Woolhiscr ct a1.. 1973: Smith and
Schreiber. 197,1: Richardson, l982). Various prob-
abil ity density functions ranging tiom single pa-
rameter to multiple parameters har,e been pro
posed to  descr ibc  thc  d is t r ibu t ion  o f  ra in ta l l
amourts (Todorovic and Woolhiser. 1911.1975:
Smith and Schreiber, 1974: Richardsor, 1982:
Woolhiscr and Roldan. 191i2: Pickering et al..
1988). Woolhisel and Rolclan (1982) comparcd
lhe chain-dcpcndcnt (i.e. precipitation amounts
ar-e independent but the distdbution depends on
the state of thc prcvious day) and independent
exporertial, garnna. and three paramclcrs nrixcd
exponential distributions alrd sho\\"ed that the in
dcpcndcnt nrixed exponential was the best tbr l ive
U.S. stations. It should be noied that the single
parameter models are more appealing for thcir
sirnplicitl' and ease of paramctclization. H()wever,
l i]ere is Do gcncral conscnsus on the pedilrmtnce
or rpplicabil ity ofa specil ic model: choice ofan
appropriate model dcpcnds on thc underlying dis-
tribution fil the observed data. This suggests a
need of examining different distribuLions ancl
b t t i l , - l i r tg  u  p rue ip r t r t ion  ml t le l  f , ' r  r  . i te

ln this studv. a flrst-order Markov chain with
t\\,o states, u'et or dry. rvas used for sinulating
the occurence of precipilalion. A continuous dis-
tribution function was used to model the anount
of precipitation giveD that a day is $ct. To ac-

conplish this. f ivc probabil it l , disbibutiors for
the precipitation amount (t lrc cxponentirl. cali-
brated Wcibull. calibrated beta-P and 2 param-
eter ga lr)a distribution \\'ith lwo dit'terent esti-
nators) wcrc compared. using data t-oln the HJ
Andrews Experimental Forest in l l 'rc \Vcstern
Cascldcs ol Oregon. The pedbrnance of thesc
models in simulalin-q daily and monthly plecipi
tation at the Andre{,s Forest is prcscntcd.

The Models

Occurrence Process

Occurrence ofplecipitation is describcd bv r tu'ir
statc Mrrkov chain (day is wet or dry) ol f irst
o rder :  th l t  r r .  th .  p r , 'h rh i l i t l  , ' l  p rec ip i l i r l i on  on
agiven da-v depends solely on whelhcror not pre-
cipitalion occurrccl on the previous dav. This ap
proach has been used successfully and stucliccl
exteDsively |o generatc rainfi l (Baile),. 1964: Ha.u.
1977: Richardsor, l98l: Roldan and Woolhiser.
1982). The transition natrix is defined by:

T I
lo* o*l

P1 |. D  I '

where p,1,1, pdw, pwd.pww. are the conditional
probabil it ies of a dry day following a dry day. a
wet day tir l lou'ing a dr1'day. a dry clay lbllowing
a wei day and il wct day fir l lowing a wet da!.
respectively. A day with total rainfall of 0.025:t
centimeters (0.01 inch) or more \\ 'as considered
a wet day. Since pdd + pdw=l and pwd + p\r.w=1,
P is fully defined gilcn p6* and p**. The oc
currence is detennined bl comparing a generated
random number with the elements of the prob-
abil ity transition matrix. If the previous dav is
dr). then a generated ranclorl number less than
pdw represcnts rain on the current day: and if lhe
previous dal is wet. a generated rlndom number
less than pww mcans the cun-ent da! is also wet.
Otherrvise. the curenl day is a clry day.

Preclpi tat ion Amounts

Rainfall amounts arc considered serially indepen
clent. Five dil lerent models ol the distribution ol
daily lainfall anrounls arc usecl and compared.
Scasonal variations of precipitation are detcImined
by assuming that the model parameters are con-
stant within a month and dil'ltrent bet$'een months.
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Sing[e paruneter nndel s

Thc cxponential distribution is probably the most
widely used single parancter model of daily pre
cipilation amounts firr its simplicity. invertibil i ty
and relatively good tit (Toclorovic ald Woolhiser.
197.1: Richardson. 19li 1; Pickering et al., 1988).
The cunulative distribution flnction of the ex-
ponential is given bv

F (x) -1-e rt '  (2)

Wherc x is the daily precipitation. F(x) is the prob-
abil ity of events less than x, and )"=E(X) is ex
pecti lt ion of daily precipitatiolt.

Single parameter probability distriburions have
a lso  becn , le r i r  ed  b1  . r r l ih ra r ing  mul r i -panmrrur
distributions (Pickering ct al., 1988; Selker and
Haifi, 1990). Pickering et al. (19EE) derivcd I
single palamcter model by calibrating a special
case ol the beta P distribution model. In its most
genefal tbrm. beta P is a three parameter model.
Thc cumulative distribution function of thc cali-
brated beta-P model of Pickering ct aJ. (1988) is
grveD by:

s  ( x )  . r -  (1 . *  )  
-10  , . r r

9,.\

A menber of the Wcibull family of distriburions
wa! gl\ 'en by Rodriguez ( 1977) as:

r  1 r ' 3  1 t

. F ( x ) - l - e  ^  ( l )

$,here c 1s a constrnt aDd f(.) denotes complete
gamma function.

Thc calibrated Wcibull disrdbution was pre-
sented by Sclker ard Haith ( 1990) based on rhe
above equation. With c=0.75. as the optimiTed
vallre li)r the data from Eastem USA. they dc-
rived the probabilit)' distribution tbr wet day given
by:

- ( t . t g t . l t o . t 5
F ( x ) . l - e  ^  r 5 l

ID this study. u,e calibrated this rnodel using
Andrews Forcst data to obtain optimized vrlues
of the prrameters. which is discussed in the next
sccti0n.

Multi yranteter nudeLs

Multi-parameter distributions such as thc 2-pa-
raneter gamma, the 3-pammeter gatnma. the 3-
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parameter mixed exponential. and others have been
used (Mielke and Jt)hnson. 197:1). Multi-param
elcr models arc generally considered to describe
the distribution of precipitation amounts better
than the one parameter exponential distribution
because of the greater f'lexibility obtained with
the large number of paramete$. Thc choice of
morlel depend. , 'rr the prrsim nl ol pitri net(r:
al]d ease of estimating parameters. Richardson
(1982) suggcsted thatunless the mixcd exponen-
tial distribution has a clear advantage over the 2-
parameter gamma distdbution. the gamma dis-
tribution.h,,uld he thc rrpproprirte ehoiie nl m,'t lel.
for most applications.

The 2-parameter gamma distribution is uscd
here with the generalfbn.n ofthe probability density
function given bv:

. :
,  a-1-  0

r (x) --:-::- rhl
B"r (d)

where cr and B are constants in garnma distribu-
tion. The gamna distribution is used with two
different methods of parameter estimation. One
method uses moment estimators (Devore. L987),
glven by:

E (x) -crp

Y(x)  .492

(7a)

(7b)

where E(.) denotes thc expectation and V(.) the
variance ofthe data. The other metltod uses maxi
mun likclihood estimaters. with:

(xp-E (x)

Y.In (E (x) ) -s (In (x) )
whcre Y is a intcrmediate value to be uscd in the
following calculations.

There arc a number of numerical schemes lbr
dctermiling the maximum likelihood estimatols
1br the 2-parancter gamma (Thom. I 95 8 : Green-
wood and Durand. 1960: Mielke and Johnson,
1 97rt; Choi and Wette. 1969). The numerical so-
lution suggested by Choi and Wctte (1969) was
used in this study. which apploximates the solu-
tioD by Newton Raphson iteration using thc fir l-
lowing equatiens:

dr'dr-r
Iog (qr-r) -V (d1_1) -y

(9a)

(8a)

(rib)



where 1=Eu1er's Constant=0.5772215 7 and Y is
Digamma function.

The abovc infinile sumnatious are approxi-
nated using an arbitrary 10 '- criterion. Il thc dif-
ferencc bclween calculated value at t ime i and
time i-l is less than the critcrion. thcn the value
at t imc i is used. Since this nurnerical solution is
always convergert with any init ial value such that
O<ar<-(Choi and Wette. 1969). an arbilrary num-
ber is givcn as a starting value in the conputa-
lional estimation.

Experimental Design

Thc prccipitation data of clinatological station
at Watershed #2 1iom H. J. Andrews Experinrcn-
tal Forest $,as used to calibratc and test the lnod
els sincc it hls the longest obseruation history.
The HJAEF is a rnountain watcrshccl of 6:100 ha.
Climatc of the HJAEF is wet and tairly mild in
the winter and $arm and dry in summer', *ith

morc than two-lhirds of the precipitation t 'all ing
between Novenber through March (Bierlmaier
and McKee. 1989). Clinatological information
has been collected at the HJAEF since 1951. Dail-v
precipitation data tiom 1952 to 1992 was used in
this analysis. Although precipitation can occur as
ruin r rr.nr r$. this frrler (1.,( \ n, \ Lli lTcrcnli.r lc J nong
these fonns and only considers the liquid water
equlvalent.

For the crl ibnted Wcibull di:tr ibution. u :et
of new paramctcr valucs for thc HJAEF were
obtained using a least Chi-square criteria. Simu-
lations wcrc made with a range of parameter (c)
values bet\\,een 0.5 ald 1.5. uith a step value of
0.01. and the Chi square values were computecl.
The prranreter valuc which gave the least Chi
square was selected as an optimized value (Fig
ure |1. The fir l lowing equation tin thc calibratcd
Weibull distribution was then used in this studv:

( t0 . )

In this study sealonal variations in the drily
precipitation proccsscs arc assumed to be con-
stant *ithin a month alld vary between months.
Parameters arc calculated based on nlonthly dala:
twelve sets of parameters tbr the five distribution

vtar -v-f.c i C*u; (eb)

v,(cx) . ;  - -1 "
i -0  ( l -d )  '

(9c)

1600

1400

'1200

1000

8oo

600

400

26

0

ChiSquare

1 . 1

Power

' 1 .3

Figurc l .  Clr l ibrar ion ibr  conslanr.  in genefal$:e ibul l  equrt ion based on Cl i  Squue. Nolc n1in i lnuln Chr !urr .  i \  at  0.90.

0.9o.70.5
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nodels *ere theretbre oblaincd. Although there
are complex tecluiques, such as finitc Fourier
seies. to model sclsonal variations (Roldan and
Woolhiser. 1982). the simple technique usccl in
this paper is reported to givc fairly good results
ofclistributions firr wet days (Richardson. 1981).
A summary ofmodcl paranreters based on the:l l
years of data is given in Tirblc 1. The above pre-
cipitation models were then run for'11 years with
fir,e distribuLions of precipitation amounts. Daily
amounts wer-e summed to oblain monthly and
annual plecipitatiorl arrounts.

A Chi Square test was uscd to test and quan-
tify the goodness-ot:l l t ofthe above models. For
daily'. and monthly analyses. data werc categodzed
into 5l bin cells. 11 was nrade sure thrt each bin
cell possessed at Ieast 5 occlrn euces. A Chi-square
tested whether thc two data sets canre tiom the
same population by:

IOBSERVED,-9 TIiULAIED,) '

the sun ofthcir individual varialces. nol thc ar-
erage. So the denominaLor ofthe above Chi square
was modificcl fiom the regular ecluation (Press
et .  a l . .  1992) .

The probrbil it ies ofthe observcd data rnd the
simulated data belonging k) same distdbution werc
calculated using the equation:

. ,  n  X 2 t
_  '  \ n ' z t
Prob-- (  1 2 )

x2- t ( 1 1 )
OBSERVED,.5 TMULATED,

r  ( I )' 2

rvhere f(...) dcnotes incomplete gamna function.
Abettermodel should givc lower Chi-squarc values
and high probabil ity values. Table 2 shows the
resulls ol the Chi-square test used for daily and
lnonthly data.

Results and Discussion

The analysis of ,11 ycars of obsewed precipita-
tion data tiom the HJAEF shows that about 557r
ofdays were dry days (precipitation less than 0.01
inch). The distribution of relative tlequencies of
daily rainf'all anrounts. as shown in Figure 2. has
a reversed J shaped exponential distribution with
the smallcr amounts occurring nore frcquently
than the larger amounts. Percentage ofdays with
precipitation was highest from October though
March (rbout 607o). with the wet dtry averiige

rvhele SIMULATED ard OBSERVED are num-
ber of er,ents in a combinccl bin i: n is the total
numbcr of bins constructed.

S in .c  c le l r  t c r tn  in . r  Ch i -squure  \u rn  i \  sup
posed to approxinate the square of :i nornrallv
distributed quantit-v with unit variance, the vari-
ance of thc dift'erence of tu'o normal quantities is

' I r \U1-F 
L Partrnctc^ o l  H.  J.  Andre$s Preci f i tat ion \4ode1.

l ) i i l )
Nlci1n
(c r )

Prob.

Va rncc Dr) to
1)a)

u p t r  fof  ptur
tor  ior  Nl  x imum N, ia l imum

Nlonrcnt lvloment Likelihood l-ikelihood
Eslinaror Estinutof Estimator Esdl1 lor

I

l

l

+

1

8

lL)

l l

I  791

1 5 7 5

I 3 - 1 9

0.937

0 .838

0.709

0..18E

0.7t9

1.0.16

r .120

I 8 9 2

1 . 9 1 8

1 .5 l , l

L l T l

0 683

0.,t65

0.t8:

0.:19

0 l . t7

0.:08

0.505

0.973

1 .580

1 . 7 t 5

0 . 1 6 8

0.06-l

0.07.1

0.811

0.835

1 .031

0.7,1.1

0.9E2

0.70.)

0.68,1

1.002

0.85.1

0 .811

0.891

0.8.11

0.E:16

0.7:13

0 . 5 1 1

0..196

0.334)

0.39.1

0 .181

0.286

0.. lEl

0.6rJ6

0.835

0.89,1

0.91,1

0.901

1 .027

0.959

r.069

0.988

1.03,1

l . 1 0 9

0.9,16

0.87,t

0.951

0.900

o.'7'71

0.688

0.51-l

0.185

0.3ulJ

0.2lJ3

0 .186

0.159

0..136

0.619

0 .781

0.E39

0.3t7 0.816 0.6.1

0.: lJ5 0.7E5 0.616

0.116 0.79-1 0.619

0. -r l9 0.?.11 0.552

0.221 0.680 0.,110

0.599 0.195

0.,166 0.107

0.58.1 0. r50

0.115 0.607 0.2.1r

0. r99 0.6E2 0.385

0.367 0.781 U.626

0.168 0.78E 0.63.1
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TABLE 2. Chi srtrure Test Rerult.

Chi-Squafe \ rL lue Probabi l i t ,v  of  belonging to sa c d inr ibul ion

Degrees

Nlonth Frceriom E\p,rent i .L l  \ \ ' r ibr  l l  Br t . -P

Ca nna Ci.n n.r
Monrcnls Nlaxirrurn

tsera-P Bstimator I-ikelihood

a;mnnx Gam'na
Nlonents N,lrL\inum
Estim tor Likeliho{xl Exponend. \\tibull

Dai ly  Precip j tat jon A ou.rs

l

)

5

1

8

9

1 0

l l

t 2

, ;
28

t6

21

.2i)

l 3

l 7

: l

3 l

5 l

5 l

19.19

16.7

13.61

29

28 .6

13 .9

17 .15

38.19

1 3 . 1 9

1t. l l

17 .68

3.1.69

19 .81

I 1 . 2 5

-r6.85

39.6.1

25 .55

20.E7

1 1 . 0 5

t7 .75

21 .61

2 8 . 1 8

37.95

31.,+8

21.3i

3il..l7

-]].08

16.66

35.59

13 .81

15 .61

r8 .88

3.1.l2

11.93

28 .7

-17.5.1

30.99

0 5 7

0 . l 9

0.03

0.06

0 .36

0 . I l

0. l l

0.2-l

0 . 1 1

0.21

0.97

0.'11

0.1

tl .-r1 18.8.1

.11.85 ,l.l.l5

18.9.+ ,13

,18.3,1 -18.:

17.6-1 25 8

r9.l  16.8 |

l - 1 .16  1 .1 . t 1 I

F.0| 20.97

25.0-r 18.58

26 75 16.08
,15.08 l l .23

17.65 52.5 |

17.76 33.6

().)1 0.99

0.0E 0.57

0.11 0..12

0.l '1 0

0.22 0.81

I 0.5t1

0 .73  0 .61

0 . 1 2  0 . l l

0.0.1 0.r

0.38 0.09

0..1 0.19

0 .61  0 . t 7

0..1 0.-r.l

i ) . ls 0.0: l

0 .61  0 .17

0 .q1  I

0.99 0.91

0.5-t 0.-r8

0 5

0 3tl 0..1,1

0..r 0.7,t

0.01 0.15

0.07 0.68

0 .8 r  o .11

0.92 0.91

0.3 0.59

Frequency (%)

1 n

1 0

Daily Precipitation (cm)
Figure L Obser\'ed dril) pfecipitation clisrfibution .rt HJA.

amount of precipitntion being larger (about 0.8
inch) than that in the months from April to Scp-
tember (less than 0.5 inch), as shown in Figure
3a. The variancc of daily precipitation was also
higherin the wet season (October through March).

The conditionrl probabil it ies of wet day pre-
cipitation (Figure 3b) demonstnte the persistence
ofdaily precipitatiol events. In the wet seasor, a
wet da_v- is more likely to be firllowed by a rvet

day, while in the dry season (April through Sep-
tember), thc probabil ity of a dry day fir l lewing a
dry is much higher than a wet day lbllowing a
dry day. Thefirst- order Markov chain model simu
lated 11,23 I dry days (about 55.0?. of total days),
which is very close to the actually obserued 8,255
dry days (about 55.l% oftotal da)'s). A conpad
son of the observed and simulated wet speJl frc-
quency distribution is shown in Figure 4. This
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a. Wet Day Mean and Variance (cm)

t . J
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b. Conditional Probabilitv
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Figure, t .Nfurko\ lhainpcr lon)nncc.Thcrrucprobabi l j t ,vofadryda,vobsef \ ,edis55. l t : rndfor \ inNl .Ltedis55.ot t

shows a close conrparison of thc occurrence of
simulated wet days with the observed data.

Dail.v precipitation distributions of observed
and model sinrulated data with dil lcrcnt models
rre shown in Figurc 5a. The results generated b)'
all models closel,v apploximate the observed drta.
The monthly distributi(nr of prccipitatioD amounts
o b l . r i n c d  h )  . u r n r n i n !  t h c  d : r i l 1  p r e L i p i t r t i , ' r r
amounts gcncraled with each model is also shown
{Figure 5b). Visually. lbr daily and monthly pre-
cipitation amounts. all the abovc modcls gcner-
ally reprcscnt thc observed data rvell.

To conrparc moclel perlomrance, the sunmary
of Chi square test results is given in Trble 2. Model
pcrfirmance in ten'ns of Chi square probabilities
of dil lerent models fbr daily and rnonthly prc-
cipitation anlounts is shown in Figure 6. For
simulation of daily amounts, the two parameter
gamma and calibrated Weibull (rvith higher rnean
probabil ity ol about 0.52 ancl lorvcr Chi-square
of about 29) appear better than e\ponential and
Beta-P distributions. Howcvcr. none of the above
mode l .  $ l '  good l l l  \ imu l  l in !  dx i l \  r r l  l rn l .  i
N4luch and April. lt appears that the models tend
to break down dudng the tralsition fiom a wet to
a dry season. This ma) be due to the changcs in

the underlying process of precipitation mecha
nisnr durin-e the transition pcriod. For simulating
nonthly amounts, all the above models in gen
eral appear to perfbrm well. The 2-parrnreter
ganrma. with monrcnts cstimak)r showcd bcttcr
re:ults than the maximum liLelihood c't inrator.

The distribution of dail-v maximum precipi
tation obtaincd tiom cach modcl arc comparcd
u'ith the observed data in Figure 7. The ganrmr
with nraximum likclihood cstimator and exponcn-
tial appear closer to the observed data. Tl]ese re
sults suggest that the two pi,rrameter gamma with
moment estimator and calibratcd Wcibull shoulcl
be acceptable for generating daily rainfall data
tirr general hydrologic, ccologic, and watcr yicld
studies at the HJAEF However. the single paran
eter calibrated Weibull distribution is casy to ap-
ply and equally good. The gamna distribution
with naximun likelihood estimator may be pre
tered tor conducting hydrologic studies that are
sensitive to daily extreme precipitation amounts.

Our results ale based on the data fron the
HJAEF. Thcsc rcsults mal be applicable to othcr
areas in the u,estern Cascades of Oregon which
have similar climate. A tirrlher stLrdy is rn progress
to conduct this analysis for a number of
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Andrews Experimental Forest. bascd on a two_
state Markov chain goveming the occurrence and
a theorctical distribution governing the amounts
of precipitation. The erponential, calibrated
Wcibull. calibrated Beta-P and two 2-parameters
gamma distributions arc compared in generating
precipitation amounts. The Markov chain modcl
pcdormeJ we l l  J t  . in tu l i , l i ng  . l i r i l l  p rec ip i r . r t ion

Cumulative Frequency

- Observed

Exponential

Weibul l
-' Beta-P

-' Gamma-Moment
-Gamma-ML

Monthly Precipitation (cm)
FlgLrre 5. (innp.rfison of obscrved dail) nd nronthlr amountr with models. a). Cumulaule rrequcncv tor drutv anruntt b).

cumulari!c ll.equcnc\' tor nonthl! alnounr.

precipitation sites in the westem Oregon, and
examinc the general applicabil itv oftnese lesutts
to Ie-gional studies.

Conclusion

A dailv precipitation model has been presented
lor generating dailv precipitation fbr the H. J.
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f igLr fe 7.  Comp.r f iso.  dro$ \  lhr l  grmnu \ \ ' i th  ma\ imum l jkel jhood csr im.r tof  . rnd exponent ia l  appcar be(er in genefat i l lg  dai ty
exi feme precip i tat i0n.

occurrences. The resuhs also suggest that the cali
brated Weibull is appropriate tbr generating dailv
precipitation arnounts for its simplicity. goodness
of-fit and reversibil i ty. The 2 paramctcrs gammr
may be preferrccl ifthe accuracv ofdailv amounts
as well as dail,v extrenc values are also impor
tanl in a gi!en stlrdy.
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