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Introduction
I?ecent i~tcrcst in underslar,ding climate and climate change at regional-scales has Icd

to the ap~lication of mesoscale models for regional climatology studies, These models can
provide an understanding of climate processes in a physically consistent way al much higher
resolution than presently offered 6y GCMS. The mcthodo]ogy and proof of concept for
regional climate modeling was initially undertaken by Dickinson et al. (1989) with the Penn
State/N CAR mcsoscale model (MM4). Bossert c1 al. ( lW2a) mnploycd the NAMS mesoscale
model for preliminary regional climate sinmlations in a similar fashion to that of Dickinson
et al. Bosscrt et al. ( 1WMb) discussed the dcvclopmcmt of a regio]~al-sca]c climate model fur
the wmtcrn lJ. S. and compared model gcneratccl surface fields for a mont]l-long simulation
of January 198H w’ith obsmvmi data [rol]l over 300 surface coopcrativr statiol)s.

in the ccmrsc of our regional climate modeling with RAMS, several questions haw arise]]

which require further investigation. The first involves the nmdel validation] proccdurc, ‘I”o
date, rcgiona] climate sil]]ulaticm results have not umlcrgonr intense scrutiliy a:ld colilpurisoll
with independmt obx:lrvational data sets. Onc rcwswn for this is the lark of appropriate
mcsosc.alc obsmv(ttions. l’articularly in regions of colllplcx tmrain, such M tlw intcrrlmunt.sill
Wvst, tll(’ !i])iltiiil (WV:’rit# f)f vxisting Surfflt”t’ illl(l atllmsphmic obsmvations is Sl)arst’, 1’11(’
Srcoll(l qu(~sliul] nil S to do with grid u)llfigllralions illl(l I)llYSi CiL] I)ariill](’1(’rizatit)lls of L]l(’

rcgimid Illo(l(’1 ;1.11(1t.llt’ir hllitill~ility for Il)llg lrrl]l !ii Ill UliLtiO[ls. Wllilc (;(!,Ms arc global
ftlld wrrr (It’v(’lolx’(110 run for (’xt(’1](1(’(1IJ(’rio(ls. t IIr cvol:lti[j]) of 11)( ’!ioS(’ill(” nmdrlill~ llit~

I.)em far difrmrllt. i-uld hns focuwd upml short. il]l.cgrntioll p,’riods 011 t!w or(lcr (if a diUrllid

cyck, with gri(l (Imllhil]s rovrrillg only n s]]lall purtioll of tlw glolJc, Corrt’s]JL)l](lillgly, tilt’
pl]y~icd j~arlkltl(’t(’rizhlii)lls witlllil] ttlc lIILWJS(’iL](’ Ill{ Ilk] hUV(’ Ild 1)(?(!11 tll(Jrl)U~]l]~ kHt(d

for lmlg inlq.y;ll ion l)f’rio(ls. III mldition, s]j~”cificlllion of ]Jlt(’ril] Imun(lnry coll(lilio[ls [rxl[ll
hi~h (lllillit~, Iilrg(’ H(’111(’(Iiltil S(’1S or (;(!NI t)llll)l]l is of (rilird illl]mrl;ul(ti 10 1.11(”111(’S(W(’ill(’

Sillllllillioll,

III I(Io(sIIl w’(~rk,w(=Ililvt’ t riml to :Itl[lr(w lli{~st’fllmt.itms to t’!i!.ill)liSll ((lllli(hill((’ ill ~Jllr
Illt)(l(’lillg l~rt)~’~vfllr{’,A Illt)rt’ rigt~vt]llh (’olll])ill’iS(Jll of ollr Il]()(l(*lillg r(’slllts Wit 11v;uitnls (I;lt:l

Approach



model with a grid configuration similar to that of (liorgi (1989) for comparison purposes.
The actual grid configuration (see Fig. 2, Bossert et al. 19921J) w= rather arbitrary, the
primary requirement being that it include the entire mountain massif of the western U.S.

In comparing the simulated monthly precipitation with actual amounts, we found the
greatest differences along the (lregon coast, which was too dry; and over the highest mountai[l
terrain of the Rockies, where the model prediction was too wet. A 5-day period from the
month-long January simulation (days 11-15), chosrn for the sensitivity experiment~, provides
a prime example of these differences (Figs. 1 am-l 2), Figure 1 shows that olmcrvcd heavy
precipitation WM Iimitcd to the coastal margin of t.hc Pacific Northwept and the Cascade
Range. Other regions which received ~ignificant amount~ include northern (!rdifornia and

nort.hmn Idaho. Littk prccipitaticm was nwwmrm.1over thr Southwesl or interior rangm
of the Rocky Mountain chain. The Bimulatmi 5-day precipitation rate (Fig, 2) from the
RAMS microphysic~ schrme ~how~ that the model cap[ urml the heavy prl’cipit.ution ovm
ttw Gsrad(w in Wwdlingt.on which extmdwl wmthward into northern California, SY well
as thr prc(. ipil-ati~’. in Mnho, although ttw tulmunts t.lwrr arr cxcmsiv(’. TIM?Himulnte(l
prcripitation fi( Id (iom Hhow ]argc d(q)artur(w frml] Obmrvatiolls in other rl’gion~, howrw’r.
For CXillll])l(’, tlw hCilVy prwipitat.ion Wnoullk ohwvrd along tlw COii!qtiil Illargin of Orrgon

arc miwing, whilr sul)stiu]tiid prrcipit.al ion is Hillmlat wl ovm the high mountain tx’rrilill of
[11.a!lanti ( :oh)ra(]o. A1l.hollgh nmw of thv cooprrativr d.nlil)nH arc d t’l(!~il[ iolni l’xrm’dillg

2700” Ill, whirll pmhil)ils ill: il(’f”Urflt(’ (1(’t(’rlllill;ltif)[l of high :1: mnlain im’ripililtiol] (Sll(JW[illl)

ill t]lc- (m[tnl.ra] Rorkiw, t.l]r WII(JIIIIIH l.lI~SHI (]() ill)])(hiir to I)(I too” high, h[w(”(l U])I)II th(h ()])w*I v(’d
~torm trwk ovm tlw pmiod.

‘1’0try aml undtwtim(l Lh(w Im’cipitilt ion dilkrt’lwt:s, W(” ]l~lmtht’HiZc’(] t tlht t]lls ~iltiollfd

M(’lrwroh}girn] ( %lltvr’s ~.h” gri(hh’d (httn, u!u”(If{]r llloth’] illitidiwltion 4111(1l)(Mlll(]iU~ llu(lg-

ing, llliloV h 10(J dry il: tlw low ,ltw(h of tlw tro]hluldwrr ovm tlw t’iLHt(’rll I)iltmilic’m‘!’11[’(lrivr
Iowm ilt lllt)splwt~ rollll)ill(wl wilh 11](*shtml. il(lV(’t’liv~’ Iliflw H(mill(’ for Ilmv rri)lll t.11~’ lImfld

[Iollmill l)ollll(lilr~ It) t Ilr W’st Coil!+l hvl 11s I.(J s])(v-lllnt(. t Ilut LIN’ w(’stml lNN1ll(lilrJ’ or t II(’
lIIIIthIl[hllllilill sIN)IIII1 1)(’ It}(-nt(vl I’iirtlwr 0111 illt{] 111(’ I)ill’ili[” to illltlW’ h sllr[ilw (’Vill)(M_illi(Ul,

lhm-l~y ill(mrfwsill~,Iht’ I(NV!rw’1hullli(lity. ( ‘~uwist(sll( wil ]] IIlis ]iyl)(d h(’.%is\’~iis t h’ hi~!h IIrt’
(’i]~ituti(m \~iilii(~s twm I IN. Iligll I{m.ki(w, wlli(mll Slly,g{’st t’(1 Lllill. h) 11111(’11 111( isl Ill’(’Wil.!! Iwiilg
ntlvmmtml illti~ LI14*illlorlllolllll nill wtwt ;It Illi[l t rtq~twldwrir It’vrls illlll 1101 ri~illcvl1)111ill~)ll~

Lll{’(“(liiHt .

‘1’hrw olwitm~ Hll~Jrl(”~llllill~switllill llll(s(’lilll;il(J(~~y sillllll~ltitnl~ Imwi(l{xl tlw Illidiwllioll

for Ihr swlsilivily (’xllf~lilllt’llt.s, I’im tlw Iirst rxlwrillllvlt, w(’(11’siy,ll~’11:] 5 (lil~ sill]lllillioll willl

A wmtml l)olill(lilr~ or I.llf’ lll~ltl[’1 tl[~lllilill I.llilf (’XI. C’1111(’[11111llfl~lilit~llill h grit! l}{~ihts (-+ 2m~I”)

illl(; Lll(” I)ilt”ilic’ ()(”(’illl. AINII.11111r[}llsiil(~l iii h)l) h I ho Iil(.k (d (IININI iil llrm.il~il ;II itm C(MII’[IHIIV1

tlw (),5” r~wtdllt itltl d I II(I III~Icl(*l. wllirll. wllill’ 111111011llt~l,lm I. II; IIIl)rtwvll (liIy (:( :Nl:i, w;w slill

ratlwr nmr:ir rolt il IIICWII:4(”JII[. sillllll:l~ it~ll :11111cli[l II(JI ;Ill!’(lll,lt (Sly r~.stdvl’ t Ill’ (“~~il!il ;11 rilll\\~’,

lwll(’!”iidl~ ill (11”1’p,llll. ‘1’IIIIs, h~r tNIr NV(CIII(I mlhil ii’i(y t’xlwrillltllll wv ill(lll(llul n II(*~tml ~ri[l

wit.11 () 12~i” rtvu]llll.i~lll tm”r III(s orc”g[~ll rqf,i~]ll l~t Idl(. r r(wtdw’ 1111*tIIIMI~,Ihl III,v uIIcI llItsri III)”

Im oIlwr lIhm’ I(wlislil’ (mlp,r;ll~lli(” !ift in~ wil Ilill 111{”IIIIJ{I(4.



Results
The results from the 5-day simulation with the extended western boundary are presented

in Fig, 3. The figure shows the precipitation difference field between the extended boundary
aud the control case over the control case domain. The precipitation difference shows that the
westward extension does indeed produce the desired effect: increasing coastal precipitation,
while reducing snowfall ovm the high interior ranges of the Rocky Mountains dramatically.
The boundary extension increases tlw precipitation in nort,llern California more than in
(Xegon, perhaps because this area was closest to the n]odel domain boundary (*350 km)
in the control simulation. As a result of tilis, tile precipitation over the cen(ral Sierras now
appears to be excessive. in addition, the illcreasu of prccipiLatioll along tl]u orcgon coast
is rather minor, leading us to believe that the grid resolution over this region is inadequate
to rcalistical]y rvprcsf)llt, the Coiuit Range which illf.lutes the orographic lift necessary for
rainrmt.

Ill ttw scnmd st’llsitivity rxperillmlt w(’ ill]])lt’11](’llt(’tla ncstml grid over western Oregm]
tO better resolve tll(’ COaStid l]mlllt.ail]s, ‘1’his ll(vitt’(1grid w;Ls at a 4:1 riltio from the Coilrs(”
grid, having al~i)ruxil]]ah’ly (),1’N” (~ 1~]kl~l) horizontal r(%ollltk)ll. I>rrci])itilliol] mults 011

the rwsted grid for tilt’ 5 (lily SilIllllilt ioil arc sllow~ii if] Fig. 4. ‘1’otal orm ;pitli{ti(m alnounts iir(’

tmavy almlg the rrest of ttw (’a.w.ades , illl(i ;~l~)llg111(’soullwrl] Or(lgot]/lm4 llvrn f:aliforllia

(’o&qt . ‘1’11(’ I’(’!it of 1,11(”ortyq)l] COiMt Ilus (Il)ly Illillor rilillfilll. ‘1’] IIIS, (l~;sl)it(. th(’ Iligllcr

rmdllti(m to])ogril])lly” will] I11(’11(’st[’(1gri(l, ])rtwil]itht ion is still I!rltlf’r]lr(’ilict(w{alot)g tllr

Oregoil Cl)ilSl . Ill fii(’t, tll(’ CoiLSliIlll](~[]]]tilil]s ill’(’ still [101 W(’11r(’l)r(’s(’llh’(1,,‘w’]] wit II (Ilis
illcrriuwl rmolllliol). ‘1’IIIIS, illl (’V(”ll S[llikll(’r gri(l lllil~ 1)(’ 11(’a’:iSilr~ h) rmdvr t Ilis to]mgrill)l]ic
f(’iltl]ll’, wtli(”l] W’olll(l ill(”l”(’fl!i(’ tll(’ (“ollll)ll l.i\liollill” (’os[. (’[lorllmllsly. ‘1’llis ]~[)illt riiism tlw
(111(’S1 ioi] ()( Wlldl is ill] il(l(’(lllill(’ ~ri[l Sl)i)(’ill~ to ii(.l]i(~~(~ “r(’iLSoll; llll(”” r(’slllls ii] r(’giol]ill

(“lilllill(’ 1110(1(’1S,

:1



Summary
ln this paper wc have prcscntcd results from two simple regional clinlate sensitivity cx-

periment.s designed to test the impact of grid configuration 011the prediction of precipitation.
The simulated precipitatio[l wa.. first conlparcd with obsmvcd data interpolatcc! to model
grid points. Both experinmuts were found to improve the precipitation field by increasing
the amount.~ in the Pacific Northwest and reducing the amounts within the intermountain
Wzst . llowcvcr, assessing the accuracy of the nmdcling results is complicated by the fact
that th(’ nmoscak precipitation dala set uscci for I)1o(ICIvali(laticm is too sparse to provide a
rigorous evaiuallicm of ltw IIUM’S p(’rforn]anc(:. This is espccia]ly the uasc over high terrain
wlwrc Illost 0[ tllc wi]lt(~r H(’ason prcci])itatiol] filll:i. ‘[’his lack of n(xxwsary data is of great
c(mc(v n, sil]rc w-di(latioll 0[ 11](’results frol]] r(’giona] c.lillmtc models, csp(wiidly precipita-
tion, is critical to tlwir future usc as a tool for cli[llatc ~llii[lg(?prediction. WC are currently
cxalllining prcci])itatiol) data SAY frol~~a variety of sourcm to aid in this vali(lation cxcrcisc.

‘1’lm Ino(lcling rcwults slmw tlmt grid cxmfiguriitioll nmst he givml very car(:ful cxmsid-
(’ratioll Lcforc a rrgiollal l]lod(’1 call bc imphmwnted for c_lil]mtr studies uvm a particular
area of illt(’rest, ‘l’lNiresulls ;~r(w(lllt(’dh(grc suggest that s(wlllillg]y l]linor changes in domain
lmull(lilri~’$+all(l grid rmollltli(m cikll Ilav(’ a (lriklllatiC illlpact Ulmll prc(lictcd rw+ults. lJookil]g
at I Iw I)r(m(lvr I)i(hlllrv, our r(wlllts (1(’llmnstr;itc tll(’ N(x’(1for il(l(’(llla.t(’ tcwtillg of tll(’ r(’gimlal
CIilllilh’ 1110(1(’1 wit]) ‘.(*s[)(’(-tlo not only gri(l col]liguratiul I)ut also houn(!ary nu(lgillg illl(l
])]l)~~i(’illl)ilr;tlll(’t(’l”izil~ .iolls 1)(’f(,)r(’ W() cull (’Slil!)]iSll (“oll[i(l(’11(”(” ill ills ill)ility h) ])(’ il U!i(’[11] 1o()!

for Clilllill.(’ slll(li(w. ‘Ii) (Iilt(’, Iitth’ illl(’llti{)ll lli!S 1)( ’(’11 I)ili(l !() illlj’ (If tll(%(’ r(t(lllir(’111(’llts.W(’
I)lil[l t(} C(JIItj Illl(’ to (1( ’V(’1()]) il 11’giollii[ 1110(1(’] Wili(”tl is i(](’ill]y Hllit(l(i for ~]illlitt(’ Htll(ii(”SI)y
[urtll(’r (’x;~l]lillil]g 111(’ (Illwliolls illl(l I)rol)ltjllls l)ro:lgtl~ ollt ill this ])ill)(’r. Fill.llrc (’x])(’rillwl)h

will t’Xi:!llili~’ 111(’ illli)il(”t of” Illl(lgillg 111)011 I!I(* l)r~vli(.ltv! li(’l~ls illl(l III(’ 1)( ’~forlllilll (~” of 1,11(’
Sill’fil(”(’ I)ilrillll(’1.( ’l”iZillioll (Illrillg il Illolllll loli~{ illl(’gl’ill.ioll,
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FIGLJRE CAPTIONS

Fig. 1. Observed precipitation (mm/day) for the period 11-15 January 1988, as deter-
mined from ~300 mrface stations interpolated to RAMS model grid points.

Fig. 2. Simulated precipitation (mm/day) for the period 11-15 January 1988 from the
RAMS model .

Fig. 3. Precipitation differcnrca (mnl/day) Wwccn the extcndccl western boundary and
control simulations [or lIK*period 11-15 January 19S8. Shading indicatm cxtmh.1 boundary
precipitation cxcm+ crmtrol, diwhmt contours imlicak cxtcmlcd boundary precipitation is
lcw t ‘m control. Contour inf,crval 2.0 mIII/diLy.

Fig. 4. Simulatm] prrripilation (mm/day) on the nwdxd grid for tlw pcriud I 1-15
January 1!18S fro[tl ttw I{AMS III()(ld,

Fig. 5. I’rc’(.iltil.fit.ioll tlilhw’llr(’~ (111111/(lilJ’) twlwrml tlw mwtml gri(l illl(l control silllul:l-
tiom for thr Imiofl 1I Ifi Jil[lllilr’j I! N+. Shn(ling ill(licnllm (’xtmdwl l)~uln(lilry pr(’(-ipitati~)n

(’XC(Y”(IN ~xmlrcJ, CIiwll(.tlrolllmlrs ill(licili~’ (’xt (’11(1(-II I)ollll(lilry I)rrril)ilill it)ll is I(%Nllll; lll roll.
trd. (:ontour illt(’rVid 2.[) llllll/(lil~m
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