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Reconstructing Temperature from Tree Rings of Pacific Silver Fir in
Coastal Brit ish Columbia

Abstract
\Veusedr ing-$id l l r (Rw)t1ndD.rx imumla1cwooddent l t ! ' ( \ ' l l -D)chIon0l0giesl .1) |h ighclc\ . r t I ]P1
Dougl. er Forbcs) ii|)lr the Corstal wcstcm Henllock 70.e nca. Vlncouver. Bdrish Cdunbi.r to recon\riuct Apfil io Seprcmbcl
mean tenrpcrrluns lbr the 1770 1990 pci(xl. Tbe feronrrrucrion rirs based on a crlibrutid rnd lerjficrdon pfocedure. Th. best
feconstruclion rcsuh \"ls achiercd $hcr both R$ xnd \lt-D chmnologies $crc urilized The reconslruction rsreed silh lhat
pfoduccd 11rr  n ler ior  Br i t ish Columbia t io ln densi l ( r r rcr ic  drrrL.  \ t  suggcn rhr l  r ings ol  P3.r f ic  , r l rcr  t f .  prnrr  rn!  unr er  rhe
influence ol a pcfhumid Inufitjmc cool mesothenrnl a.d !ubllpire boreal clinarcs ir the Pacific Noih$est. crn serle is Drorv,

Introduction

In regions with discrete grovu,ing seasons. annual
gro$'th ings of trees can serve as unique proxy-
clinrate indicators plor iding yeal to yearclimatic
variations are great enough to aftect growth and
bc rellected in the characteristics of rings (Fritts
1970: Brif l 'a ct al. 1988). Trec ring analvsis of
high-elevation specics. in particular. can yield
inforntrtion ()n past tenperalure fluctuations bc-
cause at high-clcvations growing scason telnpera-
lurc can be the factor nrost l imiting cambial ac-
tivitv and ring tbrmarion (Frirts 1970. Graumlich
and Brubaker 1986. Luckrnan 1997)

Thc  melhodo iop)  r \ l  c l i r r . r t c  recon: l lu i l i i ,n
fronr tree-ring data anclthe problems encountered
were discussed by Fritts (1976. 1!.)!)l). Lofgren
and Hunt ( 1982). Gordon ( 1982), Pirrock ( 19E2).
and Meko et al. ( l9lJ0). In the Pacitic Norrh\\,esr,
several Lcmperature reconslruction u'ere nade with
va:1ing degree of success. For example, Graunrlich
and Brubaker (l986) rcconstructed annual tem-
perature ftoln trcc rings trees at tinbcrline in the
Cascade Range of Washinglon: however, Briffa
el al. (1992) was only prrtly successful when re-
constructing summer temperature patterns for
nofihenl Alaska and nofih$cstern Canada because
, r f  r r r r ie r lu in t i c r  in  thc  c \ l reme not lh r |n  f , , f l i o I
of their grid.

Most of the trec ring studies in the Pacil ic
Northwesl. however, were conducted outsidc the
coastal region in m()re continental clinates. Thc
dakr that do rot capture uDique feittures of dngs
of the trees that har,e grown under the inllucnce

of maritime clinrate rtray result in faulty climatic
reconstmction for thc coastal rcgion (Fritts l99l ).
This study represents the llrst attempt in the coastal
region of Brit ish Colunbia to reconstruct grow-
ing-serson temperature using ring-width and
nuxrnum laten'ood densiLy chronologies of Pa-
cific silver flr.

AJ though the , .on i [e r . , ,1 '  lh i .  mdr i l i rn .  r f ! i , ,n
show conplaccnt growth patterns u'ith weak cli-
malic signals. cot]lmon signals (markcr rings) have
been lbund in several trce species. such as Pa-
ciflc silver fir and westem redccdar ITltrla pllt ara
(Donn e-\.D. Don) Lanb.l (Dobf er ai. 1996).
Of the species investigated. thc ring-u,idrh rnd
maxinum-latewood-dcnsit1, chronologies 1br
Pacific silver fir from moltane and subalpine sitcs
in the North Shore Mountains (near Vancouver,
B.C.) had the sffongest clinate signals as deter
mlned by response functions. This finding sug
gests that these chronologics might hale poten-
tial as proxy climate data. Thus the objectives of
the present study wcre (1) to deternrine the uti l
i ty of Pacitic silver tree-rings for a local climatic
reconstruction and (2) to make comparison \l'ith
other tenlperature reconstructions doDe for the
Pacific Northwest (e.g.. Graumlich and Brubaker
19136. Schweingruber et al. ( 1991).

Materials and Methods

As proxy-clinate data. we used dng widrhs (RW)
and maximum latewoocl densities (MLD) chr.o
nologics that rvere devcloped fbl Pacific silver.
J l r  l rom t r t .e .  ! ro r r  inp  on  I  h iuh-e lev l r i , ' n  . i re  in
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the transition between the Coastal \4'estern rnd
Mounttin Hemlock biogcoclimatic zones (Klinka
et al. l99l ) within the Greater Vancouver Water-
shcd District (Dobri 1994, Dobrj ' et al. 1996).
Both  zone.  u re  in l luer r r 'e r l  h1  , r  re r r  ue l .  mr r i -
t ime climatc: thc Coastal Westem Hemlock zone
by a cool mesothermal climate, ard the Moun-
tain Hemlock zole by a subalpine boreal clinrate
(Klinka et a]. 1991). Thc study site was situated
in Eastcap Creek, Capilano Watershed (1000 m
as l .  49 '  31 '  N ,  123 '  04 '  W) .

R\\ .rnJ MLD measur<rnent rerie) \\ ere
crossdated by the COFECHA progranr and only
the best inter-correlated scrics wcrc selccted for
dcvelopingchronologiesusing theARSTAN stan-
dardization program (Grissino-Mayer et al. 199,11.
Standard chronologies rvere developed using de
fault detrending option (negative exponential curvc
or linear regression and cubic smoothing spline).
RW and MLD indices were computed b), divi-
sion and subtrirction. rcspcctively.

Residual chronologies wcrc modeled by
autorcgression to renove most of the low lie
quency trend and to enrphll.\ize the common high-
liequenc)' variation in the chronologies. The RW
chrono logy  (coded CAI ;  16  t recs .  32  cores)
spanned the period of 307 years, and the MLD
chronology (codedCA2;7 trees, T cores) 238 years.
Horvever, tbr reconstruction we uti l izcd only the
1769 l990and l?70 l99l period in the RW and
MLD chronologies, r-espectively. so that density
scrics frorr at least -5 trees could be included into
the MLD chronology in any particular ycar ol
the pedod used for reconstruction.

The climatic data for reconstruction came lioln
the Agassiz station. located approximately 100
km eas t  o fVancouver  (49 '  15  N,  121 ' ,16 'W.  l -5
m asl.). This station provided the longest con-
tinuous climi.rt ic data tbr thc study area. A few
missing records in the data were computed by
linear regressions using the clata fronl thc ncigh-
boring Chil l iwack station.

Sinrple corelations and response functions for
RW and MLD chronologies were computed by
the PRECON program (Fritts 1994.)to detennire
which of the 3,1 available climatic parameters
(monthly temperaturc and precipitation from the
previous May through Septeruber of the current
year) were to be selected and tested in transfcr
functions. Thc rcsults of sinple corelations and
response functions were integrated ir one figure

(see Figure | ). For teinperature reconltruction we
selected that chronology tiom amoog standard
and residual RW and MLD chronologies that had
the strongest correlation with climirtic clata. Lin-
ear regression was used to quantity cliorate
growth relationships.

\\ 'e used transter functions (Fritts 1976) to
descdbe the relationship between climate and tree
ring data. To select the most suitable climatic
parameter for a tlanslel function, rve matched both
chronologies and coresponding climatic data for
a calibratior period following the methodolog.v
dcscribed in Frins (1976). Lofgren and Hunt
(19E2). and Conkey (191t6). A two-step process
was applied tbr developing transter functions. In
the first step u,e developed transf-er functions fbr
each RW and MLD chlorology. When using the
RW chlonology, we examined relations of ring-
width indices in the current year to the mean
morlhly tenperature in (a) Jul"v, (b) July and
August, rnd (c) Junc through August of thc prc-
vious year. When using the MLD chronology. we
examiDed cunent year tenperature data fbr each
individual month liom March through Septenr-
ber, and lbr the period of April tluough Septem-
ber as it was done by Schu'eingruber et al. ( J99 | ).
In the second step. we developed the transler lunc
tions bascd on both the RW and the MLD chro-
nologles.

In dcvcloping transler functions, we follorved
the 2-step calibration-verif ication scheme applied
by Bliffa et al. (1988, 1992). In the l irst step. for
thc first calibration period of 1892 19,11 (early
calibration), the l irte period l iom l9:12 tu 1990
was uscd for verillcation. and inversely. for the
second calibration period of 19.+2 1990(latecali-
bration). the early period of 1982 to l94l \\ 'as
used 1br verit ication. In the second step. we ex-
amined the stabil ity of the developed linear re-
gression model using the procedure of Graumlich
( 1985) and used tive additional randornly selected
data sets. each with 50.vears fol the first part and
49 years fbr the second part.

We used several tests to vcrify thc rcliabil i ty
ofreconstruction (Gordon and LeDuc l9E I ; Fritts
er al. 1990:Fdtrs l99l). The tests were computed
using the 'vcrify' routine (VFY) of the Dendro-
chronology Progran Library (DPL) sottu,are
(Holmes 199;1.1. From all thc tests done, we se
lected only those used by Grissino-Ma,ver ( 1996)
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t i)r presentatjon: (l) couelatior coefficient. (2)
reduction of error (RE). (3) products-means test,
and (,1) sign-products test.

Cone l r t ion  eoc f f i  c rcn t  rc  l lec t '  the  en t i re .pec-
trum of variation that is comnon between two
data sets. RE statistics provides a sensitive mea
sure of leliabil i ty becausc iL cstirnates fairly ac-
curately the explained vadance. The products-
neans lestcalculatcs the products oftbe deyiations
and collects the positive and negati!e products in
trvo separate groupsbascd on theirsigns. The ralues
of the products in each group are sumned. Lhc
means are conrputed, and the di1I'erence between
the absolute \rlues of thc two means is tested fbr
signiticance. The sign products test is a less scn-
sit ivc nrcasure ofrelirbil i ty: it enumemtes the fre
quency of agreements and disagrccmcnts of the
signs ofdcpatures fiom the sample means. Ifthe
test is successll l. i t can be concluded that thc sign
of thc cstimrte is more ofien correct than would
be expected from random numbers.

\\'e tested tbr thc nonnality of differences be-
t$,een iictual and reconstlucted temperatures us-
ing the Kolmogorov-Smirnov goodness oftrt (Zar
19E.1). Following the verification of the transttr
functions developed following the calibration-
veritication procedure (i.e., the early and late cali-
bration-vcrification). u,e used the entire 1892 1990
period of climatic and fcc-ring data to develop a
new tra n sler luncti on tbr temperature reconstruc-
tion.

Tenporal pattems ofactual and reconstructed
tcnlpcraturcs in the 20'h century were examined
by pol.vnomial regressior (Luckman 1997). Corn-
parison between our reconstructed lemperatures
and thosc repofted by Schweingmber et al. (1991)
u'as done using a sign-products test ($,ith normal
approximation) that compared the agreement bc-
tween the positive and negative depaftures ofthe
reconstructed values fiom the mean \,alues.

Results

Response functions ti)r the residual RW- and the
standard MLD chronologies showcd which cli-
nlatic parameters were suitable tbr developing
tran ster fluctions. In both conelations and rcsponse
functions, therc was a signiticant response ofRW
to July temperature of the previous ycar and a
significant response of MLD to March. April, May.
and August tcmperature of the current year. The
response profrles for precipitation showed (i) sig-

nificant positive responses of RW to August pre-
cipitation of the prcvious year and to May pre-
e ip i t l t t i  n  r , l  the  (u r ren t  ) (a I .  f i i )  r  ncg : t t i re  re -
sponse to July precipitation ofthe cutentyear, and
(iii) signilicant nc-qative responses of MLD to No-
vember precipitation of the previous year and to
Septernber plecipitation of the currcnt year (Fig-
urc l).

The correlation coellicients between mean July-
August tcmperature of the previous yeal and the
RW chronolo-qy index in the curent year were
r = -0.33 and r = 0.44 tbr the standard and re-
sidual chronologies. respectiyely. The tran!fer
tunction model based on residual chronology
( T , ,  =  1 9 . 5 9 1  -  1 . 7 1 2 ( R w , ) :  n = 9 9 ;  R :  =  0 . 1 9 r
p c O 0 t ) l r  p r \ \ c d  b . l ' ,  o t  r h (  \ e r i f i ( l i o n  l u . r \
using thc tirllowing criteria: conelation coeflicicnt.
Ieduction ofeffot T-value ofproducts neans test.
and sign-products test (including additional fivc
randomly selected data sets, i.e., twclvc tests fbr
one cr-rtenon).

Wc used the standard MLD chronology tirr
temperature rcconstruction because it \r,as better
correlated with the nean growing-season tcmpera-
ture in the cunent year thaD residual MLD
chronology (mean sensitivitv = 0.06, and the tirst
order iiutoconelation = 0.15). Following Schq'ein-
gruber et al. ( 1991), u,e examined the current year
temperature data tbr each individual monLh from
March through September. and for the pcriod ol
April through September Since theApril through
September period gave the strongest corlelation
(r = 0.57), it was used in the MLD transf'er lunc-
tion model (T, = 8.316 + 6.561(MLD,): n = 99:
Rr = 0.32; p < 0.001). Simil to thc RW rnodel,
the MLD model passed all verification tests ex-
cept for one of the twelve sign-products tests. Tlte
calibration and verification statistics indicated a
considerably stronger climate-growth relationship
for thc MLD than RW chronology.

ln the second step. we developed thc transf'er
functions bascd on both the RW and the MLD
cbronologies. Corelation between these cluonolo
gies was not signiticant (r = 0.21; p = 0.40.). in-
dicating independence of predictor variables. In
(on\cquenfe. \\ 'e u'ed multiple l incirr rcErc\.i n
to analyze climate growth rclationship and both
chronologies to estimate the mean April - Sep-
tember tempcrature. Veritication tests showed an
inprovement in the performance ofthe climate
growth model as a result of con]bining the chro-
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nologies (Table l). Nolmality of dilTerences
bet$'een actual and estimated values \\"as sigDifi
cant at the 95c/:. confidence le\'el. The final trans-
lcr function rvas rccalibralcd as follows:

l l  l  T ,  r  =  9  697 +  5 .922(MLD,  r )  
-0742(Rw, )

Ad jus ted  Rr  =0 .37  p<0.001 n=99

rvhere I, , is the predicted ncan April-Septem-
ber temperature of the previous year, MLD,, is
th (  n l r \ imum Ia teuood den. i t )  in  the  prc r iou .
ycar. and RW, is the ring-width index in the cur-
rent year.
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The actual urd pledictedApril SepLcmbcr mean
tempcraturcs tbr the lE92- 1990 period are plot-
ted in Figure 2. Corrclation bet$een the actual
and prcdictcd temperatures was moderately strong
(r = 0.57). Extreme' years rvcrc more poorly pre-
dicted Lhan 'nroderate'1ears. For high pass fi l-
tered actual andprcdicted tempcratures. the short-
tcnn Variation of these two time series w:rs well
correiated (r = 0.68). The low-tiequency compo-
nent of the leconstructed tcmperatures 1or the
1710 1990 period had the same nean and thc
same Iou-frequenc5r variaLion as the original data,
rurd showed altcmating periods u,ith predominantly
higher or- lower reconstructed tcnlperatures, re-
spcctivelv (Figure 3). The sign products test (148
agreements. 62 disagreenrents. p < 0.001) showed
irireemenl belNecn rccon\lruatcLl tcmfer.rlure\ in
Lhis stucly ancl Sch$,eingruber et al. ( 1991).

Discussion

Thc si-qnificant negative conelation bctween July
- August tenperaturc of the previous year with
RW of thc current year \\"as consistent with the
results ofEtti and Peterson (1995) and Garfinkel
and Brubaker ( 1980) who also suggestcd a sig-
niltcant negative corclation of ring-width with
July temperature of the previous year. A possible
erp l l t ta t i , ' n  l i ' r  rhe  . i in i l l cance u i  thc  p rer i , ' us
Iate sunmer tenperalurc is that it reduces foli-
age loss during a late summer moisture strcss and
allocate stored assimilates fbr the use in the next
growiDg thus positively allecting ring width in
the next growing scason (cf. Larsen and
MacDonald, 1995).

Better corelation of standard than residual
MLD chronologies with the temperaturc data

Y

F t s
8- r+
E
o

t-
1750 1800 1850 1900 1950 2000

Figure 3.  RcconstrucLiur  o l  Apf i l  '  Septemhef mean !emperarLrcs o\cr  the 177(f1990 pefbd for  Vancou\cr .  Br i l ish Columhir .
1he s oorhcd linc is lbr rhe rrme datr D.rssed throush a 13 !r lo$ Dtrss liltef.
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appears to rcflect sonle lower tiequency tempen-
ture variations as suggested by D'Arrigo et al.
(1992). The veril lcation of transter functions in
dicated that the model based on the MLD chro-
nology *as superior than that based on the RW
chronologv. Using both RW and MLD chronolo-
gies as combined proxy-climate data resulted in
a lurther improvcment of the model. The stabil,
ity of the model was confirmed by vcrification
tests that gave vcry simil;rr results when usiDg
dit'ferent data sets.

A year-by-year comparison of reconstrucled
temperatures in this sLudy agreed with the tem
perature isolines maps for westem Nonh America
bl Schwcingruber et al. (1991), despite the fact
that the,v used tree-dng density data fiom mole
contincntal inland sites ofBritish Columbia. Thcre
was no signihcant relationship between our re-
consfuction ancl thrrt of Fritts ( 1991. and pelsonal
communication) who also used ring-width chro
nologies from inland sites. such as from the
Kamloops rcgion.

Somc of the difTerences between these recon-
structions might be a result of the diffcrences in
thc .trcngth of tumpul rlure :ignr l\ b(lu een Ina,\ i
mum latewood densities and ring-widths or the
differences in climatic patterns bet\\"een more
mritine and continental sites. The reconstructed
April through September mean temperaturc in this
study had sonle vcry similar features to the re
constructed mean anDLlal tenrpcrature fbr
Longmire. Washington (Graumlich and Brubaker
1986). ln both reconstrxctions, there was a greater
variation ofreconstructed temperatures in the 1i$t
decade ofthe lgth century. The cool episodes in
1860s. 1870s and I 890s in our reconstruction for
the coastal region correspond with the cool epi
socles trom 1860 to l890 for Longmire. Further-
more, the rise of tempcrature in the tlrst half of
thc 20th century detected in this study conesponds
to that repo ed for Longmire.

When comparing tenrportl patterns bet\\"een
actual and rcconsh'Lrcted temperatures in this studl
i ' r  rhe  ) l ) lh  ien tur l  h1  po l lnomi . r l  rcgr . : \ i . ' n .
the fitted lines ol the third older regression (p <
0.001) had the same shape. This indicates a gcn-
er r l  con lo r tn i tS  he luecr t  t rcc - r i r rs  t  h i r ra . Ie r i \ t i c .

and a rvan|ing trend in thc 20th century. The cunes
were similar to polynomial regressiols used by
Luckman ( 1997) to chiractcrize long-term trends
in the records ofmean annual temperature ofone
station in the Canadian Rocky Mountains. He
differentiated two general patterns in the polyno-
mial curve shape and suggested that the) ma)
ret'lect some influence of maritinre and continen
tal climates on the climate of the area. The shape
, ' l ' , ' u r  l i l l rd  po l lnomi r l  l i nes  hr t l  the  p , r . , i r ion  in
betwgen these two pattems.

OuI reconstruction also agreed $ith thal dc-
veloped for the Pacitic Northwest by Briffa et al.
(1992) .  A l l  o f  the i r  negat ive  (1810,  l l J76 ,  1880.
11399) and positive 11112, 1776 1796, l9l5.y ex
trcrne years cofesponded in the direction oftheir
departure from the mean value $'ith oul data. The
long-term variation in our reconstructed tempem
tures in both studies showcd several periods with
similar positive or negative depatures in thc
smoothcd data l iom the mean values: warmer
periods in 1790s. l850s. and during 1920-1950,
and a cool episode in 1890s. The longest warm
period in our reconstruction, which is outside the
climatic record. occur:red from l ll4U to I 858 AD
(Figure 3).

We concluded that the tee-rings ofPacific silver
fir grorving in the montane and subalpine coastal
fbrests of British Columbia under a strong infln
ence of a perhumid maritime cool mesothermal
or subalpine boreal climatc have a prornising
potential as local proxy-climate indicators.
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