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Abstract
The H.J. Anrln.rs (HJA) E\pernn.nLal fi,rcsr. O.egor. Lo,rsrli rm F]cologjci] ReseaRt, (t.TI.]R) sire is a ker Isra(h lotrtion
in lhe I ,a . i f .Nor r l !$cs l (P \s ) .Th ispapr l r r : r rdca lo rs rop lacer I r r l inur i :o l lheHJAni lo i ts r ( ]g iona |contex t . \ '1u l r ip ' l :g t ,ss ]on

anulrsis is used lo .ft rLi, ! s'nlhelic returd of monlh ! roral precipitari,', (brck ro 19LI) and monrhlr mean lemperalun (b,ck
to  lB90) .  The obser led  (1973-199 l l  ud  s ln the t ic  ( l9 l  l -19?2)  record  is  ana l \ , . , j .  U l jo r  fea tue- r  i r  rh .  r ( ! t , fd  a re  comparcd
to th l j l ]n l l ingsofo ther i ( rvcsL iga torspar t i cu la r l r r i lh r i \ I ) .C t |odroughto .

rn)g n!t,f(j. The regioDal .ont(i\t ol Ll,. HJ{is aildress.d b\ rclatins irs c[Date nr0rrl to nearbr cLinare dirisionll records and
zonal !n,l nrfr ional nidices oi Lhr: general circulatioh ol Llri, !rmosphere as $ell !s connonh used tele.oDn.r.riv( indices. CCU-
rclaLrrl indices are found td Lc quite $ell related ro Lh, lljl climale re.ord h {inrcr bul nor in surnm.r. Sincc nrost regetarir|
gn^1 t l i  takes  phce n i  rhe  sp f ins  t r f l  sunnrer  months .  th .  (o log ico l  nnp lca t  os  o l  Lh is  shouL, l  l *  no te , l .  l  r  r ,  r r "  , tu r t .  ' t r , , r , :
rela ',shit,s bet$een the HJA $inrcr ilorer lear preripiLatior and annual and Jaruarr nr:rn tonperanre-. and thc rahres ofsrnop-
tic (regn,nali scalc indices. No relationships are found for l uh. T|c Cenrr.L \orrh Pa.ifi. (C\P) inde\ is a parLn,ularlv {ell cor
relared {ith Januar {nd unual teniBirlt,,rcs !r rhe HJA. This is in(li, atire of the irnporrafur: ol thr mqnitude ard position ol
the Aleutian lo$ pn ss,,n: o:ll to the HJA t.n4r'raLurcs. There is a rLeal b,,L J.finne sisnol bet]fee! Lhc Sourhern Oscilhtn,r (S0l)
inrlcr anil the chrate of tln. ll.l,\ such thar during rranl worni erents (ll \jno \carsl rhe $inter $ar,.r \,.ar precipitatioh !r rhc
HJA lirrest is relatireh lov and the onual mean t.n,r).rarures de relariv.li hish. Durnrg cold erenrs (l.r \inal rhe $iDter \Larcl

)car precipitrtion at rhi, HJA I'orest is reladreh high. especialh iD the wirrcr rarer rear lollowing a calendrr rear irith a rrrll
. l d ] l . l n d t h e a n n u a l n x . l n | c m p e r a f r e s a r e r . h L i ! i ] L } l o { . o ! e r a ' i t i s . 0 l x l U d ( I ] | h d l h e c 1 i D a t e o

ti\,, ol rhe climate of thr rrorLhcrn Crscades ard thiir Ioorhi s in pari.ular- !n,l ol the P\W in gen..al-

Introduction

An enormous amount ofbasic and appliccl re-
search has been peribrrned at thc H.J. Andrews

{HJA) Experimental I 'orest. Oregon, Long-l 'erm
Ecologic,al llesearch (LTIIR) site. fitur:h of ir has
led to the derelopmcnt of current forest mnnage
menl p() l ioics. A number 0l projccts are Lrnderwav
s i t h  t l r ,  goJ l  o i - ,  a l i n ;  r r p  f i n , i i ng .  u r  r l r ,  l l J  A  l ;
a landscape or regional scale (Oohen eL a|.,1992).
I t  is important to establ ish how rcpresentative the
site is of the Pacific \orthrvest (PNW) fcgion. One
lar in t 'hich to approach the examination of
representivilv is to incluire hor\, feprcscntati!e the
cl imatc ofthe site is (.ompalccl to that ofrhe PNW
r ,  y i un . r - . r  \ . h , , 1 .?  T l , i -  p rpe r  - e . k -  r , ,  i n \ i  - r rF r r c
this question.

The H.J. Andret's Erperimcntal Forest (HJ-r\)
is a 6400 ha lbrest ofDouglas ! ' i r .  WesLern Hcm
locl, and lJacific Silver Fir locatcd in the cenrr.al
po ion ofthe vieslern slope of the Cascadc moun
tain range of Oregon. The forcst is one oi IB sites
in the Long-Term Ecological Rcsearch (LTER) pro-
gram sponsored by thc National Scierrcr Founda-
tion (Franklin et al.. 1990). Duling thc l97os ir
was a representati !e site in the Coniferous Forest
Biome Project of the [-1.S. International Biological
Program. It was originally established in l94B as

an Expcrimental Forest oI thc U.S. Forest Serricc.
Consequentlv thcrc is an irnmensr lcgacy o[ re-
scarch resulting from the participation in these re-
search programs (McKcc. er al. ,  1987, Bl inn et
.r1., 19BB). l'uture LTflR-r'elated acLivurcs cnsures
the continuing scienl; f ic importance of thc sitc.

A number of sLeps arc taken in this papcr in
order to scck to ans$'er Lhe qucstion of how
rcprcsentalive is the climate ol the HJA compared
to Lhat of the PNW as a tholel ! i rst the HJA cl i-
matc wil l  bc lrr ief lv r 'er iewcd and an introdLrct ion
is given to the $pects o[ Lhc larger scale climatc
ldth part icular-cmphasis on thc importance of
atmosphe re - ocean interactions over thc Pacific
Occan. Next. since thc rccord ofthe HJA prirnarv
me teo ro l , , ; i , . r l  - t . r t i o r  i -  r a t l r . r  shL , f t .  i t  i -  r - ,  - - -
sar v- to entrapolalc it back in time and clcate a svn-
t h ,  t i ,  r e c o r d .  T h .  n L - r . n e d  r l g T : t - l ' r , ) 1 ,  n n J
synthctic (1911-1972) rccord is anahzed ro idcn-
Lify sorrc of its rnajor lealrlrcs. 'fhese 

featur-cs are
con r l ' a r . , l  t o  t he  l i r r d i r r g -  o fo t l l  r  i n re - t iBa lo r .  pu r -
ticularlv with rcspcct to drought occlt[cnce. re(ienL
r\'arming. step funttions and the tree ring rctlrd.
The legiorral context of the HJA is thcn addressecl
by relating its clirnatc rccord to nearbv climate divi-
sional records and zonal and meridional indices oi
thc gcneral circulaLion o{ the atmospherc as vell
. r "  ,  umm,n I  r r . ed  t . 1 . , un r r cc t i r e  i nd i c . s .
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Background Inlormation

The C imate of HJA

Climatolopfcal informatiorr has been col lectcd
at thc si le since I95l i t i th a continuous. electron-
ical lv sensed, rccord l ' r 'on \ ' la,v 1972.' f i re obscn-
ing srstcm is crrrnposecl oi a primary mctcorological
slaLion end a neti folk ofsolcl l i le temperature and
plecipitat ion rccofding stat ions. ' fhc prirnaly
meLeorological stat ion of TIJA is at an elelat ion of
:126 m (1397 fr) at ht i tudc 421c I 5'  N and longi-
tude 122o l0'  W. HJA occupies thc l ,o{ 'koLrL

Creek watershed lhich rarrges fmm 420 to 1630
m (1378 lo 5346 fL) ancl cb ains into thc Bluc River.
Bclor I050m (:1.1,14 ft) ,  thc Sieslrrn Hernlock
zone is found and is characLerized br V'cstcrn
ITcnrlock ancl Douglas ! ir ' .  Abovc 1050m (i : i44.1

it) thc I 'acif ic Siher Fi l  zone is cstabl ished
(Bierlm:rier and N' lcKce. I9t l9).

Bicl lmaier and NlcKee (1989) have described
the HJA climatc as being *et and lairlv rnilcl in

lrintcr and warm ancl dr-l in -.ummcr. The,' em-
phasize the lolc of thc polar ftonL jet stream in fun-
ncl ing into the area one lol prcssurc zone and
liontal storrn aftcr another during thc t intcr.
PrecipiLation comrs mainlv frorn colcl or occluclecl
fronts. The storms are slorved b,v thc Coast and
(iascade rangcs and al-{r {  onsequentlv ol long du-
r . r t i un  r rnJ  l , , r '  i r r t e r r - i t r .  

' l  
he  - r r r nm, . r  . ' r r - on  i -

dominated b,v the cst.rbl ishrnent of a r idge of high
prcssurc along the coast and the caslcrn Pacif ic.
This season is charatlerized by highl,v stablc air
anrJ 1o* plecipitat ion arnounts. I)Lrl ing the period
1973 lo l9t i4 Lhe ar.erage annual lcmpcratLrre \{:r-r
I t . :)" C (47.3' F). Ntonthlv lempelatures rrngcd
l ionr 0.60 C (33.1' l ' )  in Januarv to 17.{}" ( i

(6,1.0" F) in. lLr lv. ' l 'hc annual a,refage precipita-
t ion nas 2302 rnm (90.6 ins) 7l7o of nhich lel l
frorn Novernber through ! lanrh. AL t20i: i  m (3946

ft) annrral precipitat iorr l iscs to 2785 rnrn (109.7

i r , - r .  \ h " r '  l 0 ; o  r , r  l : l l l l  l i r r  p ,  r - i - t ,  n t  - n ' , s -

l)a.L up b ,1 rn (13 ft) rlccJr rnay lbrm and last
into Junc (Bicrlrrraier and \IcKee. 1989). Fulther

dctai ls ofthe cl im:l tographv ofHJA rnay be louncl
i n  Emmingham and  T ,undbu rg  (1977 -quo tcd  b1
(Bierlrrraiel and \IcKcc. l9B9j).  Saring et al.
(1978). and l \ lcKee ancl Biel lmaier (1987).

The reEJional cl irnatc ol Oregon and the l ' \W
and the importance of thc l 'acif ic Ocean Regional
clirnatolopfes of thc Oregon and the Pacific North-
tcst (l'\Si) har,e been given bv I'hillips ( 1 960).
SLernes (1960). the l 'NW River Basins ( lommi-.-

sirrrr (1969.i  and Loy et al. ,  l l97(t\ .  No undersland-
ing of thc t l i rnate ol the PNW t 'oulcl bc urmplcte'
r,rithout relercncc to lhe seminal role played b_v in-
teractions hetirecn thc occarr and atmosphere in
thc arca of the nolthern Pacific l)ccan and. to some
degree. thc tropical rd southern pans ol the Pa-
. i f i ,  , r s  r . ,  l l .  \ x11 i s -  p i onee le , l  t l r i {  , , ' n ,  ' l ' l  i r  J
long -ss1i65 ol impoltant papers (1959. 1968.
1969. l97l ,  1972, 197l1.I979. 198I). Xlolc rc-
.renllv the ocean-atmosphere interconneclions have
bccn treated in svnoptic cl imatologv through the
use of principal cornponent analysis (I 'CA)(S alsh
and Richmu. 198) ) and teleconnecl ion-. and in
dvnumic clirnatolog,v increasingl,v b_-v thc Lrsc of
Ceneral Circulation X'lodcls (CC\'ls) of the at-
rnosphele ancl occan-

Thc CCI\ls. b,"- definition. dcal rlith the at-
mospherc at thc global scale. P(lA and telccon-
nedive sllldie-e. on thc othcr hand. r'an be clesigned
to inrcstigatc parLicular parts ofthe wolld and thosc
slLrdies relevant for thc PNW are based on the
Southern Oscillation Jndex (SOI). the Pacilic-North
Arncrican Inclex (PNA) and thc Ccntral NorLh Pa-
ci l ic lndcr (CNP). These three incl iccs crhibit  a
ceftain de€gee of intcmrrrelation (Cayan and Peter-
son. 19f19). I t  should also bc rcmenbererl  thaL the
- l r eng l l r u f t l r ,  t . l . , , , n r r c '  l i ! c  p r l l c rn !  i -  no l  n , . ,  - -

sari lr  slable orer t ime. Ropclcwski and Halpert
(1986) havc shorn that clepending on the datr
uscrl .  thc PNS'is either in. or is on lhc southern
edge ol an arca having lower rainiills rthen El
Nii ios are in progless and in rnanv of the months
folloting the El Nino rnaximum. \\:rllucr: ancl (lut-

zler {1981) r 'clc the f irsL l t l  introduce the } 'NA in-
der. Holever. the l 'NA indcx designecl by
Leathers et al.  (1991) fol lowing Yarnal and l) iaz
(1986) is the one used in this studr. Thc P\A
describes thc ampli tucle of the 700 mb l lol  pat
tcrn ofer the II .S. lhich ha,. a brsic pattrrn ol
troughs oflorr pressure in the eastcrn l'acific and
the eastern L.S. and a r idge olhigh pressure over
thc Rocky NTountain cordillera. Thc mcriclional ex-
lfeme ol the patteln pr-oduccs posiLive PNA values
(and potcntial ly mole Ss winds ovcr thc HJA)
while the zon:r l  extremc producrrs negati , 'e P\A
vahrcs (and potential l ,v more W $' inds ovcr thc
HJA). Yarnal and l) iaz (1986) demon-rlrated ho\r
strongl,v posit ive l 'NA and ncgatirc (rererse) PN-A.
pattcrns are assorialed respectivell rvith t'arm anrJ
cold El \ i r ' io Southern Osci l lat ion (E\SO) events
and. in tuln. r ' i th precipitat ion aDd tempcraturc
anomalirs on the $'est coast of North Arrcrica.
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Cavan and I ' jeterson (I989) t lcsignerl the ONP in-

dcx as being the mean sca lcvcl pressure { l lSl l ' )
over lhe region 35-55" N and 170o I ' l  to 150"

S'. Thcv sho* that streamllot in t l re $'est have

cort: lat ions in the rangc 0.3 Lo 0.6 SLI '  l i th

anornal ies in the North Pacif ic. l )uring t irrcs ol a
l'eak CNP streamflots are high in Washington ancl

Oregon. f)uring t irncs of a strong C\1) thc polar

frontjet -ctrcam f lorrs norLh ofthe I 'NW ancl t i rne-"
ofbelo$ alcrage streamllol arc obserred. This is

tr lso often ohserlecl during El Ni iro events (Scc

Caran ancl Pctcrson. 19{19. l ' igurc 9). A11 of the

svnoptic studics;ndicate quite clctr l l  Lhe l inkages

lhich erist bctuecn -\STs r lnd parl iculaf pressule

and tclcconnecl i ,re pattelns in thc lJacif ic Ocean

and varioLrs aspeds ol cl imdtc on the West Coast

and  t hc  i n  t he  PNW.

Compilation of the Synthetic Record

Jt uas f irst neccssrrv lo e.\ trapolate thc HJA cl i-
nrate record brck$arcls in t ime. l 'he stat ions most

l ikely to givc informalion for extrapolat ion were

selected as bcing Corvallis. (iottage Clovc, ELrgene.

Lcaburg. \IcKetzie Bridgc. and Cascadia. Tire sta-

ti)n hist.,r! ol ench ofthcsc ras scrutinized for oon-
tilluit,v using informaLion for'Oregon lrorn Rcdrnond

{1985i. Fol loring analysis of pre and post rnove

oh -  r r r l i , , r r -  i t  " , ' -  J . c i , l . J  r r u t  t , ,  r r - e  t h -  E r rgen ,

recorcl.  N{ult iple regre-ssion analrsis was used to

f ind the rnonthlv valucs of rnean telnperaturc and

lotal pfecipitat ion at thc IIJA lrom val lrcs al lhe
-qlat ions rhich harl been selected lcsult ing from

thcsc screening procedurcs.

Prec pitation

I'recipitation daLa for the FIJA sitc $as obtained

i iom f ive slat ions; ( ion'al l is" T,cabrrrg. X{cKenzic

l lr iclgr. Cascadir.  and Cottagc Cror'e. ' l 'he rnult i-
ple regression anal,vsis identi l ied good corrclal ion
in monthlv and annual plecipitation values beLween

thc slal ions. Al l  regression cquations were signi l i -

cant at the 990[ level as asscsscd br their ]'valucs.

Rcgression equations wcrc comprrted 1br differcnt

scls of st:rt ions for thrcc scparate t ime periods
r hir:h were clctcrmined b-,- the length of rccrord ol

the stat ions. The t irne periocls vcrc 19i36-1972,
1919 -19 : : , : ) .  and  1910 - l 9 l f l .  T : rb l e  1  sho l s  t h t :
rnonthlv range of 12 and standard clr(tr ofestimate
(SEE) ralues lol these t imc pcriods. The sum of

the 12 rnonthl,v totds is used ft)f lhe annual total
\  elue.

T{lll.fl l StatrDS tsed. rrngf ol msfussrfi roefficients ond

srIrlail eror ofestinr.res {mr,) ftr n,u Lide regle!

s ion  ( r lua t ;o ts , ,sed  to  ob tanr  n ronr l r l r  lo la l t ,n , i f i

l r l i on  u l  lh .  H-  J .  Ardrers  [xper in rn tu l  fo rcsr .

Co is Conallis. l. is Leaburg. \l is \IcK ,zi. Ilrirlgr.

Ca i . .  Cas fs l iu .  CG i '  ( in tase  Crore .  A l l  i  u lu ,  s

signiii.ant at 9llolo krlfl.

I 9 : J 6  L 9 ? 2  i l o , l . . [ . C r . C G

\lonthh rl 0.89 ro 0.98

0.9iJ

o.Ui ro 0.91

0 .91

Sl lFi ; .4,  r , ,  16.{)

str.ta 12.1.1

st i t  [ ] l  i i

SEE i l . -1 1o 5l ' | .9

sEE rJ ,1 . r
-qEL 95.5

SEE 10.9 ro i l? .1

s E u  2 5 5 . 3

s E E  2 1 1 . 1

tr urYr rtr 0.9ii

1919 1935 C0.Ca.CC

S r tYr r '  0.96

1 9 1 0  1 9 l 8  C o

\ lonthl .  r '  0. { t  ro 0.116

ArnurLl r' 0.61

\ \ 'ur \  r  i  0.7?

A sinri lar arralrsis \ras pcrformsl lor prec\t i
tat ion v ues in thc form of $ater vear dita. Fol-

l o r ' i n g J " h r ' . , , n  r r r , l  D a r t  r l o 8 2 r l l , '  \ r r ' r \ . J f  i -

dcf incd as the period Octobcr I  to lhe ne\t Sep-

ternber 3O and the,vcur is nurnbered fbt thc lcrr
u'hich incluclcs lhc I month period. So thc 1940

n'ater vcar runs f l-om October I  .  1939 Lo Septem

ber:J0, 19.10. lhc analvsis uas :r1-.o pcribrmcd
1br thc $intcr paft oi the \Qtcr ycar (October to
April). The sclcction of seasons this rtav ltrllous
the apploach ofJohnson and Da (1982) and has

obvious praclicral and h,vdrological adrantages. As

nright be erpected the valcr vear and $' interwa-
tcr vear colrelations carry a higher degrcc of ac-
curtcv than those for the calcndar ,vear. The values
found in the prcscnt reporl are o{ the samc ordcr
and lre oonsisLent Nith the f indings oIJohnson and

Darr ( 1 9112 pp. 10,1-1 I l) rrho u'orled on the tfi olc

stale of OreEion.

Ternperature
' l 'hc 

same f ir ,e predictor stat ions ernployed ior es-
Limating precipitat ion values $,ere invcstigatcd us-
ing thcir arelage annual data lretr leen 1973 ancl

l99l lbr theil efficjcncv in simulating telnpelaturc
!alues. Colrclat ion coeff icient, Sl-E. and sig-
ni i lcancc r.alucs beL*een the l ivc slal ions and the

Climate at H. J. Andrcws Experimental l i rrcst 83



1 9 3 6  1 9 7 2  C o . t . . N l . C G

TABLI 2. Srations uscd. r.nge ,,l resfessioD (!ellicienrs an.l
sr!r,hrd eror oli,srimares (.C) fur muhitrtc rcgres
sion equarirrrs used ro obLuin near nnthl_r tem-
pefatu(i !L lhe H_ J. A,nirr:r's Expcrimental Focsr.
Co is O,nrllis. L is 1..!burg. l'l is )IcKenzn. Brnlge.
{iG is Conage Grove..{llr'rahies sigDifi(lnr ar 991/0
le re l  e \d t ) t  Nhere  no t i r l .

Simulated monthlv mean temperature and total
prccipitaLion data vcrified l,ell againsr an actual
observecl indepenclent data sct for the pcriod 1951
to 1972 liom Sratershed #2 in thc HJ,4. Forcst.
IL was concluded that the sinulated rernpcrarure
und precipitation series havc al accuracy le1.cl
which certainlv just i f ics further lcmporal and spa-
tial analysis of the data.

Analysis Of The Synthetic And Observed
Flecord

Prec pitation

Thc total tatervear prccipitation rccord liorn 19I I
to 1991 displa,vs considcrable interannuat vana-
biJitl (Figurcl). The trcnds reprcsented bv rhe fire
vear running rncan of the same data plainlv shol,".
t h ,  p ro lo r rg , . l : r n , l . e r ' r ,  ' l r o r r€ rh t  , , l  r hc  I q : t 0 - rnd
the iretLcr vears of the late I 940s and rhc 1950s
(Figure 2). The rer:ord cxhibits grr:ater variabi l i tv
i n  mor r  r " cen t  l ' . r r -  \ i l l r  t $1 ,  pe , r l -  ' , i p l ec ip i r u -
t ion centered on 1973 and 1984 r ' i th droughts
centered on the latc 1970s and one t'hich pcrsisted
thlrugh. at least. 1991. In the case ol both rhc
mosl rccent drought and that of Lhe 1970s. as
i r r d ; ,  ' l  b r  t l r .  \ Juc  o t  \ r l i  r  r . e r  p r '  c i l i r a r i , , n .
both rvere as selere as the drought of the lg30s

tr'lontllv I

l 9 t ;  l 9 i l 5  C o . C C

tr{orth r rr

1 1 1 9 0 - 1 9 1 6  c o

l) .6()  ro 0-92

0.5t)  (9; .0%l

0. ;7 to 0. tJ1

0.,1.9

0.56 r i ,  0.8,1

-sEl  0. .17 to 1.02

SEE 0.57

SEl l  0. .11 to l  00

SEL 0.53

S L E  0 . 5 9  r o  1 . 0 9

SLE 0.52

Antlrels data indicaLcd that the clata l iom Casca-
dia had a dct mental cffect on rhc strengrh ofthe
regrcs,.ion ecluations. Cascadia ras thcrefore omit-
ted for the rest of the analysis. The range ol in-
dividual rronthlv rcglessions (Table 2) displals
slightlv lorer correlalions than for prrcipitarion but
st i l l  shols -strong \.alues.
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but at Least thc 1970s droLrght dir l  n(rt  last -qo long.
The rariat ions of prccipitat ion at thc IIJA found

here nratch qLrite nell tlencls in the Willamcttc Val-
lcl  described bv lohnson and f)art (19{:}21. John'
son and l)an also note irigh intcrannual variabilitv

anrl correspondinglr" rclat irelv lew grouJrings of
se t  o l  J r r  ! ,  r r -  l , , r  \ . - 1 ,  n r  O" . J ro r .

Temperature

Thr obserred antl  svnlhcl ic annual mean lcrrrpet--
:r lrue lccord lor the HJA i iom l890-1991 also

shol 's consider:rble intcrunnual rariabi l i ty {Figure
. { r .  l - i r e  r ,  r r r  " r r , , i r r "  mp i rn -  ,  r l r i L i t  . r  s , r r n r i n3

trend bet\reen thc be'ginning oi the rccord and the

carly l94Os punctrurtccJ bv two coolperiods in tht:
earlr I 9l 0s arrd Lhe eallv I920s rcspectivelv {}'ig-
ure 4). ; \  cool period is scen irom the latc 19,tr0s
to thc mid l9i0s r i th the exccption of one \tarm
r car ( 1958). l  inal l l .  a t  arrning t lend is secn f lom
thc mir l  1970s to the prc-(cnt t ime. ITol iever, thc
rragnitude ofthis trcrrd. at least up to I991. is sirni-
laf Lo thrt of thc larming trend at the beginning
o f  t hc  ce r r t u r ! .

B rad le r  ( 19821  no t cs  t ha t  l 92 l - l l 5  - . t nnd  ou t
over thc N cstcrn f .S. as lnomdouslv r{,arm in the

conlc\ l  of the hst 100 \.cars. The HII data do

shol high Lernperaturcs during this t ime. 8 oi thc

15 _-vcars of this period at HJA have abovc
(1890-1991) mcan Lemperatures l i th i l  of the

vcars exceeding the mcan b,v I standard deli.rtion
(SD). A crrmparison of individual ycars of high and

low temperaturcs for Oregon as a whole idcnti f icd

b_,-- Bradle_v is not casil1- Jrossible in the absencc
, , t  B r . r , l l e r ' -  d r r r  i n  r r  r . r huL .  f , ' f n ' .  \  , , ,mpJ r i - on

of Lr* and high ternpcraturc winlcrs lor seleclecl

West Coasl stat ions (Roden. I9B9) shows that

more olten than not thc IIJA value-. paral lel  thc

coastal valLres.

Recent Warming

-\ incc lhere has been considr- 'ral i le evidence of a

trcnd for minirnurn tempcr-alurrs to incre:rse o!er '

lhe last t$o lo lhree decades (Karl et ol.  l9BB).

lhe obsen'ed HJA recrrrd r\ ,as e)iamincd lo sec ;f

i t  contained this signal. l \Taxirnurn. minirnurn. und
mcan seasonal and annual lemperatule-r $crc

rcglcssed against vcar nurnber for the pcriod
1973-t991. The pcriod at the HJA had not onlv
incrcasing minimum tcmpcratLrres but increasrl lg

rn.r-\ilnum and mean temperaturcs as well. The lact

Lhat the grcatcst increases occurrccl in the spring
(llarch. ,{pri1. \'llv) possibly- aliicting grorlth raLe's

Clirnttc at I I .  J. -{ndrel 's l i rpcrimental Forest 85
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al this l ime is ofecological irnportancc. The *urm-
ing i-. also seen at Corvallis and (iottage Orove :rl
though in not ( lui te a-q an intense forrn and nol
d , r r i r r g  t l r .  $ i r t r r  - - r s .n .  T l  i r  imp , , r l J ' , 1  l , '  r ,  i r ,  r -
ate thdt the mdgnitude of this recent t'arming trend
i-" -" irni lar to one thaL took place al HJA at lhe be-
ginning ol the century.

Step F-unctions

Several investigators have identiiied step lunctions
in certain of the rneteorologLal t ime series during
thc period ofthc modcrn rccord. Ebbcsmcvcr et
a / .  r  I qo  I r  l r r r e  i n re - t i g r t ed  c  - l ep  I un ,  t i nn  oc ,  u r -
ring in biogcophvsical timc scrics of the PNW and
the Pacif ic in 1 976. Leathels and Palecki (1 992)
havc idcntilicd a step lunction occurring in the
value oi the PNA incler cluring the latc 1950s and
centered approximatelv on 1957. Thc 1957 stcp
rtas dso noticccl in rccords of the mean height ol
sea level along the WesL CoasL (Narnias, 1972).
An analysis t'as perlbrmed to investigate irhether
such steps exist in lhe cl imatic r lata lor thc IIJA
! orest.

l'irst thc clillerence oi the means belbre ald
ai ier the stefs rvere tesled using a t$o-Lai led t test.
Lsing the means of the B vears bc{orc and aftcr
the 1976 step tirere tas a signiiicant diflerence
(991o lcvcl) in thc HJA Forcst annual mean tem-
peratures. A significant.lifference (99tlo level) was
also displavccl in annuul mcan temperatures t'hen
15 year means either side of 1976 lere taken. \o
signif icant di l lerence was sccn in lhc $,rnlcr vatcr
vcar prccipitation r.alucs at thc HJA !'orest when
8 vear means r\,ere taken either side of 1976 but
a significlnt diffcrcncc (95?o lcvcl) wus lound in
these  ra l ues  when  a  l 5  vea r  r nean  e iLhe r  s i de  o f
1976 t 'as selected.

\o signilicant dillerences lere ibund in HJA
F o r e - l  r h r | | ; r l  r n e i r r  l c n r l ' e f a l u f F \  o f  \ l i n l e f  $ a l e l

veal plecipitat ions bctwccn l l l  vcar mcans or B
vcar mcans either side of 1957. At lirst this result
seems hard lo crpiain sincc lhcrc is a $'cak rcla-
tionship betteen the PNA values and HJA precipi-
tat ion dnd tcmpcraturc lalucs (Tables 5 and 6).
Hose re r .  t l r i -  r e l c t i nn -h i1 ,  i -  - een  mnre  i n  r ' i r r t . r
\alues fathef tharr annual valLres. Perhaps mote
;mportanl ;s thc fact that l ,cathcrs and Palecl<i
r  l qq2 t -ho \ '  t h . r l  t he  l 9J7  P \  {  - t ep  i -  - ee r r  mo . r
cleal ly in the S.E. Un;lcd Statcs ccntcr of act ion
oi the PN,A. index raLher Lhan either o[ the trcr
ccntcN closcr to the I 'NS.

Thus it mav bc concluded that there is er.idence
in the HJA Forest retnrd lor the 1976 stcp but
not lbr the PNA-related 1957 step. However le
interfret the Andr-ervs record in ler-ms of pre and
post 1976 lalues. i t  is clear that the year 1976
was a rnarked tufning point at the HJA for both
temperature and precipitat ion. For approxirnatelv
15,vears prior to 1976 the annual temperature
trcnd had bccn domt'ard. Since that tirne the an-
nual temperalure trend has bcen upwarcls. In ab-
solutc tcrms thc 1977 lvltcr vear (rvhich includes
the winter of I976-77) had the lowest JrreciJri ta-
tion viilues in the entire record ldth generallv
higher lalues both bcforc 1977 and after i t .  The
five vear running mean ol Lhese data placcs thc
turning point two vears later. Clearlv the aL-
mosphere changed to a difierent mode of opera-
tion in thc mid 1970s and this change is t'ell
rcprcscnlcd in thc HIA data as r,cll as that of many
other parls of Lhe PNS.

The Tree R ng Record

The general temporal lar iat ion *hich Craumlich
(1987) reports in a study of lree r ing *idth data
for the present centura' in her del ined Westeln
T,orvlancls and Columbia Basin (but not the South'
ern Valle,vs) dir. isions is simii tr  to thc HJA precipi-
lati{rn record. Data from HJA arc gcncrally
consistcnl with thosc ofCraumlich and tend to sug-
gcst that hcr findings fcrr culicr yerus back to 1640
rvould also bc applicablc to the Andret's. More
srnfidrnce should be attr ibutccl to mns of dry. and
presumablv \ret,  vears rather than for individual
veals. One reason lbr this is the maskinpi oi eri-
trcme lalrres in thc simulatcd HIA data which i , .
related to thc least squarcs analvsis mcthodologr,,.
Craurnlich finds rnarked droughts or:curring in thc
Columbia Basin alorrnd 1680. and in Lhe 1750s.
l ?80s .  I 790s ,  lB40s .  1865 -1895 ,  and  i n  t he
1920s and 1930s. Wct pcrjods occurred i iom
1695 -1715 .  1740 - I76 ( ) .  and  L { l I 0 -1 [ ] 35 .  E ram i
nation of Craumlich's graphica-t data indicates that
in the 1750s there were individual ,vears of both
cxtrcmc lrctncss ancl drought. The wet and dr,v
periods tere similar in thc S'cstcrn Lol lands ex
cept lhal the duration of droughls was lcss. Hat-
t on  ( l qBOt  f o r rnd  - i r n i l a r  r e - r r l t .  f r on r  a  t r cF  r i r g
rccord at Lost Forcst located in the eastern end
oi the Fort Rock Basin in Lake CounLv in c,entral
Oregon.

( iraumlich and Brubaker (1986) analvzed a
tree r inEl record lbr Longmire. Washington, and

( ' l ime te  a t  H .  J .  \ r ' d r " " -  E rpe r imen t r l  Fu r r  - t  B7



commeDled that the tempcrdtl [cs bct$ccn 1900
:rnd 19,10 rere highcr lhan anv oLher e.\tended
,10 vcar pcrirxl. IIJA lemperature data for the pres-
enl centuN also displal high tcmpcraturr:s tJuring
thi,. timc and thus g;vc rise Lo the implication that
carl icr-"warm" periocls louncl in the \Vashinplon
rccord also occur al the HJA [ 'orest. lhese larm
p e r i o d  s  o c c u r r e d  b e t r t e e n  1 6 5 5 - 1 6 7 0 .
1690-169:). and lB25 1830. ' 'Cool ' '  pcriods in
the  LonpJm i re  r cco r - t l  occu r red  be t reen
t  6r  0-r  630.  1640-1650.  r695-1760.  I800-
1t ]0t t ,  IB40 I850.  and lB75-1895.

The Regional Context

C imate Div s onal Data
' l  

he svnthetic ancl obscr, 'cd precipi lat ion dala lbr
rhc IIJA siLe lor rhe period 1915 to I99l $crc
compared b_y corrchtion tcchniqucs on a month
bv month and annrral basis with prer: ipi tat ion dtrta
from thc Sri l larneLte Vallev (OR2) and the \orth-
crn Cascades (OR4) Oregon Climate Divisions.
There eri-rts a slight de€iree of autocorrclation sincc
data i iom some ofthe st l l t ions in thc divrsrons were
used to sinrulrtc part of the HJA data set. How
cver. lhe auLocorrelat ion is very,cmall  $ Casca-
dia. Oonallis. (iottage Crovc. rnd T,cabLrrg are just

4 of thc 33 stations in the Srillamette V:rllev Divi
sion and McKcnzie Bridge is just one of eiglrt
st i l l ions in lhe \orlhern Cascades Divisions. Con-
sequentlv i t  is reasonable to a-cslrme that thc small
arnount o{ autocolrelation clocs not rnarkecllv al-
l ict thc rcsults irom this anal;-sis.

!or plccipitat ion- lhe relerant r '? va.lues indi
cale a slrong relat ion heti leen the HIA sitc and
liotL the [.illamette \iallel- ancl thc Northcr-n Cas-
(ades .livisional data. Slonthly corr-clation coeffi-
cient \,alues lange frorn 0.60 to 0.92. lt is
rernarkablc that high values are found e\,en lbf the
summcr rnonlhs. (Jn Llre Lasis ofthese values thc
precipitation * the Andrors is slightl,v rnore rclated
to thc Nolthcrn Cascades r l ivision ( irr t 'hich i t  is
locatcd) but the high r ' ]  ralues indicate i t  is
r-cprcsenlal i \ 'e of the area covered b,v both di l i -
sions. The rnonlhlv c.'rrelation coellicients bchrccn
Lhe lernler:rture \.allres of thc climrtic divisions anrl
the FIJA !orest arc sl ightl l  lorvcr Lhan those for
prccipitat ion and range 1rom 0.59 to 0.87. ' l 'hc
Willamette \ialle,v division has thc higher correla-
t ion lalucs in rnosl cases. Tlr is mav be due to the
high dcgrcc of \ariat ion of lemperature lalues in
complcx tcr-rain associatcd t'ilir the r,".ide varietv
oi di i fcrent micfool imates.

General C rcu ation lnd ces

The observed and synthetic HJA data lere conr-
palcrl  r , i th general circulat ion indices designed to
relate to thc I 'NS' rcgion frr l lou' ing an approac
olWiglev et al.  (1990) and Joncs (1991) r 'ho ncrc
interestcd in thc qucstion of ho$ to esl imate
regional values ol projected cl imate change l iom
the projected vnlucs at gricl points on lhc roafse
network of points ased bv currenl ( lCNls. The in-
dices lcrc conslrLrclc( l  i rr l  Lrse r l i th a daLa se1 oi
recorstructed monthlv MSI,P clclclopcrl  bv Jonr:s
et al. \1987). The daLa lbr \orlh Amerrca rs on
a 5o lat i tude b1 10o longitudc grid. Fol lowing the
approach bl Jones (-t991) thlee general ci lcula
tion indices were developed. Thc fir'st las simpl_-v
d prcssure index. (SLP) at 15o\ I20oW. a loca-
t ion which happens to bc in thc ccntcl o[ Orcgorr
and not far fron the HJA.' fhe second was a zonal
indcr comJrr- isecl of the dif ference in SLP betteen
10 'N  120 "W and  50 'N  120 ' s .  Pos i t i v c  ra l ucs
of this indcx indicate the general st lengith ol
resterly winds. The third inder vas a mclidional
indcx compriscrJ of the dif ference in SLP betrreen
45oN l 20oV  and  15 ' \  I 30 'W.  I ' os i t i v c  va lL r cs
oI this incler indicate the €ieneral strength ol
southcr\ l'incls. Thcsc points dilfer somerhat from
those emploled in Joncs'original stud,v. Tn order
to clari [_-v thc rcgression analysis. the value of the
firsL index was modil ied b,v subtracting 101,1 mb
from each r.aluc.

The correlation coefficients for lhe temporallv
aggregated data {Table 3) indicatc a slight corrc-
lat ion bdrvccn thc Centfal Oregon SLP and r in-
ler waLer vear precipitation and betl,".een the
nerirlional index and annual mean tcmpcrdtur-c,
where southerlv \\,inds arc cxpcctcdly dssociatcd
ti th higher tempelaturcs. but no othcr lclat ion-
ships arc appiucnt. On thc montlt ly t imc scale there
is grcatcr correlaLion of HJA temperature and
plecipit:rtion values and thc circulation indiccs in

Januarv but no correlat ion in Jrr ly (Table,1). This
is to bc cxpected gi!en lhe more r igorous general
circulat ion in the NorLhern hemisphere t ' inter and
the lor absoltrte amount of precipitation at the HJA
in sumrner, In order to be rnorc consistcnt n' i th
Jones' analvsis. ul l  thrcc cirurlal iort indicator-s wcrr:
uscrJ togcther in a mulLiple regression {br J:rnu:rrv
and July. This anal-1sis ,-vicldcd corlclation cocffi-
cients ol 0.56 (Januar-v lemperaLLrle) and 0.52
(Januarl prccipitat ion) $hich is .omparable to

Joncs'f incl ings and 0.04 (Julr Lemper:r lure) and
0.l  9 (Julv precipiLaLion) l  hich is much lot 'er than

BB Crccnland



Vari!bl, Rfgfessed Asax,!t

TABI-I 3. Corrdatirrr r r ]]cierr ralues b.it\rrJ, an,ua medr
r p l  "  .  r '  r ,  , , r l  s , n  r  " i . r p r  \ c J  I  | , .  1 ,  |  , | | , ,  |  | u
ra ls  r t  t l i e  HJA an, l  { . . red  genera l  c ln :u la r ion

PNA and CNP nd ces

Corr-elalions *ere also madc bdlreer the HJA data
anrl thc l'NA and the CNI' indices lor the pcriocl
l948-87. The results (Figure 4. top, Figure 5. top.
Tables 5 and 6), in the conrext ofthis [ ind olsvn-
optic cJimatological analvsis, indicatc quite marked
corr-elat ions betleen IIJA winter r later rcar.
precipitation and both indices. Prec;pitation at the
HJA for January. representing the lr . inler rnonths.
also displavs a weak but signilicant correlation with
both indices. No relationships arc scen lbr Julv.
represcnting the surnmer months. or for thc

'IAlll.li 
5. Contlation ro,lli(nJ,r ralues bet$..h d,nnrl. J&nr

arr ard Julr rrcrn precipilation l()Lals ut lhe HJ.{
and selertcrl s.n(rdl ci.culatnr nrlnrr lor rhe
per iod  l91B- l . lB7 .

Ler.l (o/o )

V'ix(r noL.r ieut ptc.ipit.ltion 191:l-1980

QJ, l ra l  Oregon I ' ressL , r .  O.24

Zona l  Inder  0 .15

\ ' l c r id iona l  Inder  0 .0 :J

99

< 9 ;

<95

<95

AnnudL tnean t .nL teru tLue lu90 19U0

(icrtral Orgon Pre-.-rure 0.01

Zon l l  lnde \  0 .01

I'leridnDal li,lo 0.116

Variable Ilegrrssrrl Agrinst
Sigrificanl

1 .e re l  f x , )' l  
{ l l l . [  { .  Cone la to r r r r l l i chn t ra luesbet le t , '  J " , ' "a ' '  a ru

Julr Dria,i t, n,p{.rarue and trc.itiLarion lotuls ol
rhe  HJA ! rd  sc  ec ted  genera l  . i r ( r , ld t io f  in , l i ces
for  the  p t r iuJ  191.1  19{ }0 .

\  r r . ' l ' l e  I ' s r " . - ' l  \ g . r  n - t

PNA Win ter  \ la tc f  )e l r

t ,NA . l u l r

CNP S i r te r  Water  Yr :a r

C\P Januan

C\ f  JLr l r

c\P \nnud (1911 r9901

C\P Win ter  Wat . f  \ . ! r
( r  q r  l  r990)

CNt' . lanuaLr lL9l ,1 19901

CNP Juh al9 l ' l  19901

.hn

0.0{l

0.25

0 . 1 6

0.00

0.01

0 . l 7

0 . t  0

0.06

0.03

o .2 r

0 . l 1

0.0:]

<95

i)5

<95

<()5
1)r)

95

< 9 5

< 9 5

.)t)

<95

' ' q i6

Lerc l

(iennal 0rcgor t'ressure

Zora l  l r r I . r

i i i n t r r  0 feson Pressurc

lleridioial lnlcr

0.29

o .22

o .o t

0 .52

0.32

0.i12

0.2B

0.56

99

99

!)r)

99

0 .03  <95

0 .01  <95
0 .01  <95
0 .19  99

0.00 <!15

0.0,1 <95

0.00 <9;

0 .01  <95

TIBLE 6. (],rrclation coclficient rahes hctlrln {nnurLl. Janu-
! r \  lnd  . l r l r  mern  ten lua t ! ( .  u r  rhe  HJA a ,d
sele.t.,l s.ncral circulario! iNln!,s Ior the period
l 9 1 B - 1 q 8 7 .

Variahh Rrgrrssed Against Le!.] {oi)
Jones lound lor the general location of the HJA.
Tn summalv. the relai ionships in t inter arc much
slrongef than those in sumrrcr. The implication of
thcse results is thal outpllt r.alues plcdictccl bv
l , {  \ l -  t , , r  t h ,  gene r r l  a r ' - a  , , f  r h '  P \ \ \  ma r  1 , .
appl ir- ' r l  to the HJA with morc confidem:e in tht:
s i r r l e r '  - ea -n r r  t l r . r r r  i r r  - un rmer .  \ l n - t  \ ,  F ,  l J t i \ c
growlh Lakes placc in the spring and summer
months therelble prcrjcttions made from GCNIs for
the PNS for thc growing season should he treated
l,; i th some caution.

PNA JUU!r I '

P N A  J u l r

CNP J.nud,!

CNP Jul-r

cNP .{nn,,al i r  9r 0 19901
(lNt '  J{nuorv (19 10,1990)

C\P Jula (r910-1990)

o . 1 2

0.,10

0 . L l

0 .1 ;

0 .10

0 .01
(1.:l:l

0 .31

0.05

95

9.)

95

r).)

< 9 5

99

99

95
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a rd  the  l ' \A  u r le r  va lue  fo r  the  s rmf  pd iod .  l lo1r ,n , :  a  co ,nrTn, ,a l ;za t io .  a fu l lo r ing  Leathers  c t  a l .  l99 l )o f  rhc  chur rc

r . r  o i the  ;00  nb  i res te r ' l l  l l o r  o r . r r  th i i  t .n i t i  S ta t ( .s  ! ( !on t )en i ing  pos i t i re  and negat i re  ra lues  o l  thc  P \ ' \  indr :x .

t r  heD rhe  P\ , \  indr \  i '  rns i tn l  anr l  | i sh -  a  mer  nDa l  .ncu la r ion  in  the  $es ter l ies  * i rh  a  r idgc  o l  h igh  pr *surc  shurs

srorms ro  rh .  , r ,  h  o l  On,so , ,  la rd  rhe  HJAI  g i res  f i se  ro  re la r l le l r  dN i tn l i rn )ns .

calcndar- rear- totals ol precipitat ion. Annual and

Januarv mcan valucs oftcmpclaturc c\hibi l  a very
stf l)ng oorfelat iorr rvi th the ( lNP inder. fhe rela-

t ionship ofJanLrary mean temperaturcs to thc PNA
index is also vcn strong rvhile the relationships lbr
thc vr-'ar ancl lor Julv :rre not so strong but afe
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signi i icant. Redmonrl ancl Koch (1991) also ibunrl

signif icarrt reLationships betlrccn concurrcnt

precipitat ion end tempelaturc ralues in the PNW

and I 'NA valtrcs wiLh temperaturc having thc slron-

ge'st relation,.hip.

!
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Phvsical l- ,-  (Figs.5 and 6 bottom). nhen the

P\A indcx is posit ir .c uncl high. a meridional cir

culat ion in thc westerl ies l i th a r idge ofhigh pres-

surc shunts storms to thc north of Orcgon (and thc

HJ.{) giving r ise to rclat ivelv drv tcather. 
' l 'his
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f igure( r '1 . ( , | : l .here |a r io | l sh i IJ l ,eh !e{nd ,anJaDu! r \ ' | t j t l I l ] ra tu r .a t lhe
.a l i re  fo r  rh r . " " *  per io< I .  I loLrom:  a  concepLua l iz l r i { ' r  l fo l lo$ ins  l . , ,d thers  e r  d l .  t9 r ) l r  o f rhe  characrer  o l  th { i  ;011  nrb

*esterlr florv orcr rhe t nirdl Srrres accompunrins positire ond ncgrtirc valLres of thr: l'\A inder. \i lrtn th| l'\A inder

is  rDs i r i re .nd  h ish .  !  mern l iona l  rncnhr ion  in  t l r r :  $ .s te rL ies  $nh !  r  ge  o fh ish  p f . ,ssur .  g i tes  i se  a r  rh .  l l . lA  to  {a rm

r i r  bon the  $r rLh{cs t  N i lh  r l l t i l e l "_  h igh  lcml ) . ra tLues
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situat;on also brings in rrarm air frorn the soLrth-
wcst l i th rcl :r t ivelv high ternpcratures. Whcn the
PNd inclcx is negatir.c. the zonal circulat ion in the
lestcrl ies brings irr sLorrrs lrom thc Paci i ic Occan
giving r isc to ueltu weather and rather- lolyer air
tempcratures. ' l  hese interpretat ions are also con-
sistent rr i th the C\P values r lhich. rvhen lorv. in-
dioalc thal a rrcll devehpcd r\leuLian lo$, pressurc
zonc lill guitle storms norlhuards to British Colum-
bia but $hcn high r,;ill trllorv storms ro lrar.cl rnore
diret l l r  east*ards inro Washingron and Oregon.

' Ihc 
adv:rntagc of using the ( lNP is rhar i t  has

a long reu)rd dating bacl ro 1899. ( ionparison
o1 the rr:lationships between HJA data and the (INIJ
inrlcx 1br thc longer pcriods of 1910 or 1914 to
1990 (Tablcs 5 and 6) indi(,arcs l i t t le dif fcrcnce
in the correlation coefficicnts that werc found for
thc shor.ter l()48-1990 period. This is encourag-
ing liecau-se it suggests that the relationships arc
f:rirlv statrle or.er tirne and lhe limc series arc sorne-
rrhal slatronarv.

SO Index

D ircct com parison of wintcr l ater vcar HJA vuhres
and SOI values supiEiesls a rclationship in which
lor,SOI ralucs ($arm cvent. Fl l  Nir- io yeam) tenrl
to be associated nith low prccipitation values at rhc
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HJA and high SOT values (colcl erenr. La \ i i ia
years) tcnd to bc associatcd rdth high precipita-
t ion values at the HJA {l ig 7). Thc relarionship
is clear although it is not vcrv strong statisticallv
(r '=0.14. signi l icanr ar 990lo). 

' lhe 
t9B3 vear

thich had an ert laordinarv strong low SOI value
is a noterv{)rthv outl ier on the scattergfam. With-
out the l9B3 raluc the relarionship is stronger ( l :
0.2i3 significant at 990i). A similar. rhouglr srnrngcr
and rc\.erse. rclat ionship exists on an annual t i rne
scale betrvcen the SOI values and the annuai mean
tempclature at the HJA Foresr ( l , i th the inclrrsjon
of the l9B3 data poinr r '?=0.24. signif icanl ar
99' lo) (! ' igure B).

Further l ight;s given lo this i-qsuc bv examin-
i nE  HJ  A  c l i r n : r t .  r c l uc :  l , ' r . \ t r emF  \U l  i . " . - .  f * ,
scts of cxtreme SOI vears havc been provided
respecti \ .ely by Yumal and Diaz (1986) and IIal-
pcrt nnd Ropelewski (1992). Yarnal and Diaz iden-
t i f ied a numbcr of warm (El Ni i io) and cold (La
\i i ia) event winters ( l)cc. Jan and Feb). During
\a rm . \ cn t  u i r r t ,  r . .  HJ  \  I , r ' , r ' i p i r r r i , , r r  i -  n .a r . r r e r
ager at 0.0i3 S[) of the long tcrrn (t9l ztr- l991) mean
and the tcmperature' is lel l  aborc (0.77 SD) rhc
long term (1t190-199I) mean. During coJd evcnt
winters HJA precipiLation is u,el l  above (0.69 SD)
the long telm mcan and lcmperaturc is belo$ i t
(-0.33 SD). Halpert and flopelervski definccl larrn

I
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Winter Water Year Precipitation {mm)
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Annual Mean Temperature (Deg. Cl
Figur I l .  The re la r ionsh ip  b r : t rccn  ann, ra l  In . ian  tempera ture  ar  rhe  l l . . l .  Andr ( \s  Erp . r inenra l  Fores t  and thc  va lucs  o l  Lhr :  SOI

index  1or  thc  " r rn r :  oc r io r l .

elent,vears as lhosc in lhich the SOI index laluc
rcmained in the lower 25Yo of thc cl ist l ibution for
5 months or longer and similarly delined cold
events vcars bv using the upper 2570 o{ thc distr i-
bution. By these definit ions. at thc IIJA during
rrarm rvenL vears. the annual prccipi lat ion is near
t l r e  l , r ng  l e rm  rnc . r r  r - 0 .02  SD l .  t he  u in te r  r . . r t c r
year precipitat ion is sl ighLly above the long terrn
mean (0. 15 SD) but the follorving rtintcr f,iater r-ear
is rnarkedly below the long tclm rnean f0.32 SD).
Also during r,arm cvcnt tears. HJA tempcraturcs
are t'cll dboyc the long terrn mean (0.45 SD). Dur-
i ng  ,  u l , l  - r e r r t  \ - a r -  HJ  {  . r n r ru . r l  p r , .  i f  i t c t i , , n  i -
wcl l  above the long term rnean (0.48 SD) although
lhe winler water year prccipitat ion is near the lonfl
term medn (-0.05 SD). I l trst str iking holcvcr is
that during cold event years thc ftr l loning *inter
lrater vear is 0.BB SD abovc the long lerm mean.
Also during thc cold event years the annual mcan
tempclatulc is notablv belo\r (0.37 SD) thc long

Thus i t  seems thcrc are definite relat ionships
such that during rnany rvarm events (El Nifro ycars)
the \'!inter rvater year prccipitation at the HJA For-
est is rclativcl,v lo$ and the annual mean tcmpcra-
turcs arc relalivelv high. During colcl cvents (La
\ i i r u  r . . r r s t  l hc  r ! i n l c r  s f l l ,  f  r , . 11  1 ' 1 - ,  i l , i t o t i nn  a t
thc HJA Forest i-. relatir.cly high. especiall,y in the
rvinteli!'ater -ve:rr following a calendar ,year' irith

a cold event, and the annual mcan temperalures
r l  r ,  l u t i r . I  I ns .  The -e  l i nd ing -  . r r ,  , un - i s t . r r t
vi th thosc of Yarnal and Diaz (1986) and Rcd-
mond and Koch (1991). The lattcr nc.,ted for the
I 'NS' as a *hole that precipitat ion is lot 'and tcm-
perature is high during low SOT values rith the op-
positc also being true. Interestinglv they found that
the relationship tcncled b be strongesl in the moun-
ta;nous cl imate divisions. Thcv poinl oul that a
combination oI low precipitat ion and high tcrnper-
ature valucs implics a snlaller lhan avera€tc sno$-
pack cluring El Ni i io years.

Slith one exception. thcrc tcre no significant
correlations in cithcr p|ecipitation or telnperaturc
r,hen thr data were lagged at monthly intervals. The
exccption lras a ueak reltrtionship bctrtccn IIJA

Janua.ry' precipitation and thc SOI value of the preli-
ous }Ianh (f : 0.10 signficant at 959/o). The rela-
tionsh\r is interesting cnough to pursue at a later
timc using seasonal a-s opposed to rnonthl,v data.

Conclusions

The most imporlant f indings of this studv may be
su mmarized as fbl lows:

l) It is feasible to extend backwards in time.
recorcls of mcan rnonthl-"_ precipitation and medn
monthlY lemperatufe.

Climatc tt  H. J. Anclrews Erperimental lorcst 93



2) The svnLhetic record -qhows considerablc in,
tcrannual variabi l i tr ,  boLh in precipiLation and in
tempefature,

3) The warming of apJrroximatel l  the last two
decades is. so fnr. no gfc[ter thar] a sjmilar warrn-
ing rhich took place at the bcginning of thc cen-
tury. Thc recent warming is ibLrnd lor onrv rn
minimum lempcrntures bul also i l l  rnaxirnum and
mean temperatures. l t  is lbund in al l  seasons but
is most mar-ked in spl ing. For the most piut i t  is
1 ' . r r . rUe led  L r .  L l t  i -  g r - r l ,  r  t hcn .  r he  r r . r rm i r rg  a r
Con allis und (iottagr: Crove.

4) The drought of rhc lare 19{l0s and earlv
lA ' - , 0 .  \ ' . r -  - i r n i l r r  i n  mrgn i t r r l ,  t o  t l r a r  u t  r h '  m i i
1970s and similar in nagnitucle but not. so far,
dLrrat ion of that to the 1930s.

i>) Iloth the plecipitation and thc rerr4rerarurc
record at the HJA are in genetrl agreenrcnt t'ith
r,hat is knor,n from other studies of tcmporal
changcs in Oregon and the PNS.

6) Thc HJA retnrd agrees in gcneral r,iith lhc
t r - '  r i ng  r . , , , r J  r , l  t he  l a r y ,  r  " e . r l e  r . g i un .

7) 
' l 'here 

is evidence rhat a step fundion at
J976 nhich has been founcl in other biophvsical
time series in the PNW also ocr:urs in HJA precipi-
L r l i o r  r nJ  l cn r l ' F f r l r r r r .  \ a l uF - .  Thc re  ra -  nu  '  r i
dcnce found in these valucs 1or a slcp function
cenlercd on 1957.

ll) Thc climate r.ccord of Lhc HJA is closcly
r ' . l J t pd  t .  r h r l  u f  r l r e  t r  i l l amer re  \  r l l c r  . r nJ  \ o r rh -
em Cascades cl irnatic divisions of Oregol.

9) Local CCM-relatecl indices are quite r,ell
related to thc HJA climatc record in l.inter bur not
in sLrmmer, Hencc. l 'e can halc some confidcnce
that whatcvcr climatic change is projccted bv GCI\Is
l , , r  r he  P \S  s i l J  Le  a1 '1 , l i , . r b l e  i n  l a r i t .  m .n . r r ' ,
t o  l h .  IT I  {  I  o re - t  i n  s  i n te r  a r rd  [ , , r  r he  u  i n r r r  * . r -
Ler vcar. The irnplication ofthcsc results is that ou!
put values prcclicted bv CC!1s 1or rhc gcneral area
of the I 'NW may be appJied ro rhc HJA l, i rh more
trrnf idence in thc rvinter 'scason than
Ho$elcr', most !egctative growth ttkes placc in the
spring and summer months therelore project ions
mr ' l '  l r um ( lC \ l -  f u r  t he  P \ [  t , ' r  r l r e  g r ,m ing  -ea -
-on .hnu ld  l - ' ,  t r e . r r ed  r , i r h  - on re  cuL r l i un .

lO) By the slandalds usu:rllr applied ir svnop
tic cl imatologv thele are qLritc strong relat ionships
be t l ee r r  t h ,  HJ  \  r . i n t . r  \ \ J t e r  \Fa r  p rec ip i r a r i on
and annual and Janl lart mean temperalurcs and
both the PNA and the CNP indices. \o r.elarion-
ships are found for Julv. Thc CNP indcx rs.r par-

94 Grecnland

ticularlv well correlatetl with Januarv and annual
ternperatules at the HJA. This is indicative of the
jmpofiance of thc magniLuclc and posit ion of the
Alcutian low prcssure ceJJ to the HJA temperatures.

I 1) There is a t'eak but dcfinite signal betwecn
the SOI (ENS0) indcx and the cl imate of thc HJA
such that during many warm evenrs (El Niho years)
the winter water vcal precipitat ion at the HIA ! or-
cst is relativcly low and thc annual mcar ternferil-
tures arc relat ivelr high. During cold events (La
Niila) dre winter lrater vear prccipitation at the HJA
Forest is relat ivelv high, cspecial lv in the.i \ , intcr.
' l tater rcar lbl lowing a calendar vear i | i th a cold
cvent. and lhc annual rncan ternperalules are rcla-
tir'olv lot'.

Rcsearchers at most LTER sites. e\ccpt those
n'here long pcriod rectrds already cxist. would
benefit by har.ing a climate record at their sircs ex
tended back into thc lasl century. The frrrcgoing
discussions provide a model merhodologv l 'or lo-
,  r l  .  Lm. r l p  a r ra l r s i -  n r rd  . \  " t h ,  - i -  a t  T  TFR , i r e . .
t  h i l e  s r r r r he . i .  l , '  , . y r " . - i on  a r r l \ - i .  i -  r , , t  n ,  $ .
the placemenl of the site into i ts fegional conlexl
by using rclat ions with Climati t 'Division dara and
local and hemisphcric general circulat ion indices
docs provide a nelr' rnethod of vieuing the local
climatic enr.ironmenL. This merhodologv- l ill be-
comc increasinglv important as LTER sitcs begin
to scale up to landscape and r-egional lerels as is
thc case for thc HJA. Ir should be nored that ir
cannot bc assunled tt pioi that anv single T-TER
site n'ill relate wcll to the larger regional climarit:
cnvironment. This has bccn demonstrated. Ior cx-
ample. for the Niuot Ridge, Colorado. LTER site
(Crcenlancl and Srvi l i .  1991).

The original question of how reprcsentative is
the IIJA cl irnate of that of rhc PNW as a vhole
h r .  l a rg . l '  l , '  cn  an -s . r ,  , l  b \  t h -  i u r .Bo ing  rn r -
lvses. Comparisons ofthe HJA climate with r.alues
fron nearby Climatic Divisions. and local and
hemispheric general circulation indices all suggcst
that thc climate ofthc HJA Forcst is well rcpresen-
tative oI thc c]imate of the northern Cascades and
their foothi l ls in part icular and of rhc PNW in
general. Hotever as one mo\,es to the larger gco,
glaphic scale indices. the relationships bccome less
stlon€t and evcn nor-cxistent in thc sumrner
months. The reason for this is Lhat cluring thcse
months the HJA is usually dominated by a r idge
of high prcssure and thc processes of microclima
Lolog,"- tend Lo dominate thosc oi larger- scales. In
conlrast. i r l  r ' inter r l i th the erpansion of Lhc high



encrgn- circumpolar vortcx into micl latitudcs. rnd
with our growing anareness of the linkages betrreen
lrol) ical an(l  cxtra-lroJrical circulat ions. rt  rs nol sur--
p sing that thc HJA is lrcll couplcd tith thcsc
hernispheric scale l;atures. Although lbcused
mainlv on lhe $, inter monlhs this q)Lrpl ing has im-
portant implicaiions ibr the clirnate ol the HJA one
or tr,;o. or possibil morc. scasons drcacl and thus
al lo*ing a new dirnension in planning ecological
c\pcl- imcnts.
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