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Abstract

The effect of gl obal warming on trees growth have got gr
orted the considerable @owewth heha®&rgers ciemtdiryer Her for avet
us waflrloint htihaen aKkar akoram regi on, northern Pakistan. The r
itude in Karakoram region are strongly associated with
h tempertalure 19t |déecead® of the 21st centur yl,L,85whiAD) duri
tree growth wappsepprasgedwthhefl ddhe trees still alive
er Pnmarsofwal ITihatsi aa ndi cates that increase of temperature
tone in the study area. However cliifmaaey asfsfocitati nnt he |
uld be the ifrcerspponglrieseht e§ @amboerg different altitudinal
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Introduction et al, 2015) Therefore, the growth dPinus wallichiana
species are essential to assess the significance of climate

Climate fundamentally controls a particular ecosystenextreme during the past.
functions, processing rate, and species rgbgroir et al, The objectives of this stly is b examine the major
2008. Recent w ayears) hag sighifican@y0 growth variations ofPinus wallichianaduring the past
influenced the species dynamics and density of treelew centuries. Tdink those major growth variability with
(Waltheret al, 2009. Research showed thamperatures ~ extreme events of the paleoclimate
the limiting climate factor for the growth of trees at upper
treeline/ high altitude (Ko'rner, 2003). Increasing inMaterials and Methods
temperature strongly affect forest productivity and the
competitive associations among tree species (Linetnai, Pi nus waild ircehtiiamea and ever gl
2010). Tree growth dtigh altitude are generally enhanceds peci e s over t he Karakoram &
due to global warming (Harsc#t al, 2009). Tree growth Pa ki st an. It is a dominated
responses to warming are crucial to assess forewh er e it i s growing at el eva
productivity, future vegetation dynamics, plant diversity,3 50m a. s. |ri fhesampkes were ¢
and species richnesBintgen et al, 2007). Whereas uyppetreel i ne at twEChaipffoer eamt
climate change can affect distribution, population structureH g r amos h val lhey i (hEirge.mend) . cdr
_and grovvth of tree speciéBevi et a_tl, 2008).Treesgrowth - g | | ected from health y trees
in mountainous ecotones was increased due to warmer T e |l imate data was obtai i
temperature and decrease may possibly follow at SOMR e at h e

. . . station t o s a Ilin
low-elevation sitegAlbrightet al, 2013) statio locat ed in th Tep | ?e
Several dendroclimatological studies documented th% Ii mat fecord since
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evidences of tree responses to climatic warmin ; .
(Schickhoffet al, 2015; Brinkmanret al, 2016; Ahmed * E KAE' v % tf ' _olm Off ¢ Paki .
et al, 2013; Asadet al, 2016, 2017) Earlier studies ( ) - etal 0 ree rings ¢

investigated the history of temperature variation and tgre pre (ST_Eamtl )MO bit il patcel di agr ar
influence on forest structure and their growtaridwide ¢ Ne Gilgit i nstr2@drBtAalD sthaotwie
described byGonzalezet al, (2010), Sasaki and Putz, i 9h preci pitation receives
(2009), and Xuet al, 2009). Treging based forest Whi Il e monthly mean precipita:
growth estimate in chinaby Heet al, (2005) and Faet trend of mean monthly temper:
al., (2009). Whereas in Karakoram, a few studies havé ndi cat es t hgtaduampgr ait ucreea
reported the impact of climate on tree growmtlespite January to July and then grac
high dendroclimatological potential (Espet al, 2002; The hi ghest mean temperature
Ahmedet al, 2011; Asackt al, 2016), whichisagreat 25° C, whil e the | owest mean t
threat to decline the tree growth and their mortdliimng January (15°C) (Fig. 2).
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Fig. 1. Treering sampling sites and Gilgit weather station of Karakoram region northern, Pakistan.

Table 1. Sites characteristics of two Pinus wallichiana forests.

Sampling site Latitude (N) Longitude (E) Elevation (m) Slope (°) Forest Exposure
1. Chapr 36. 26 74.25° 30383014 338 South
2. Har amo 35.90 74.93° 313830014 350 We s t
il e — — %0 growt h( GQooekn,doyl 985) ng ARSTAN p
35 —e—Tmin[_JPrecp  __"m - and rati o betwee® mernatw am d r
1 ] Sy L 25 exponenti al function wer e al
] — . \ , Kairiukstis, 1990).
25 TN s The availability of the sh
= A s ‘\\ £ recolrds5 (to 2013 A.D) are not
“‘5" 1 / A e T I s withritmngeerecords that contain
g 17 i 7 Tl T \\ "% related to growth variation:
2 10 « e \ h, # 2 sSimilarly, CRU climate data o
g1 A, - % N\, t®& (around one centariyf)y twhd cdb jc
[ P \ I of t his study. Comparatively
o [ o ] ™oy ks adjacent areas and northern
5 i extractedi hgem Theerefore, the
0] . sets were downs$obdldtif ooal NOAMt
T P W A W . 1 S O o Environfenmatibn and applied
M climates with our finding.
onth
Fig. 2. Gilgit weather station records from the period of Z%E3.  Result and Discussion

Al | samplprsepaeee in Labbwatoawi ngyewi dth (TRW) ch
following standard dendrodRvehobedinuasli ning triees € fa prno k
and Smiley, 1968; Fritts,ando78aramnem (H&S) riinmngd Kavi
were measured up to O0.O0OlmhakicztuamcChiagr o @) RIVMREEBTrE@ o
measuring system (RinnteclyeaHei2ddIBOADg, fGeormmadndy )t.r ere <= el

s
(

ro
es
alk
f
rings eeeietsabwd and thebdMeasrtsaz(@k3ITBR) I yrom 32 tree
confirmed by COFECH@KMobmé#H@wameopmckabbey. Both TRW

1983Gri sMayer, ). 20Ddtrendifilguctauadt i on around, twbhemeas
standardization were per f@armew oroowi @goweerage eshabed
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ntury, whi |l e HRS showe@OZX%lean rleastud t 4 8 6 h o weethftaudrtayt. t It é
mparatively, the reciprtorcad ggrroomthh narfphdsieot ogigchalhege
th TRW was 108b5s0e rtvoe d1 9fOr0oisuch as photosynthesis, or tr

higher TRW increasingin water upt ake and nut HR& n
g 3a and b). However, tmer i s(tBeomsd,. 2@I0i0Omati ¢ v areisalyirl
nd, the mean chronologenvironmendiatli nsgt rersd dontsibe
r e atsi gthtees t mean trees |l evel foftAmoredemll deds)

i ntgwetnhtei et h century of bbbobhtbéte fhem stphet i st uadnyd r
as (Fig. 4) . The | owecdti maté uda(tSao heneemngdaem? & dyeb to. wblh i
erved in ninetieth cenR0rnlB, aihé¢asle2alslett;h eA@iEné Wtela nr a r ie
teenth and seventeent hgrcewttugd s heer ep afsitu cctl u artagtde @
atively -hiigdtee e n thid mceemihtifugreye st gr owt h o f both sites w
creasing tree growth trdmdOokoerlvéeddd i AD,1swhidelt adbowé
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stent ur vy, whi ch reveal egadgtheclhimphest Themohgmpadrlat ur e
evious Thentgumiwé . magni tmidee of ndtoedntsh t decr eassea, wk
re different, whereas tdheecl i nees ngrtohvet hstaufdy CRATT ewa s T
wer than HRScantl ynsbgngd awted withrees!| may peri dad,
h@enerally, trees produglaciers expanded througéflout
vironmemtntamadti wwi de rinLittle | cé&mégeadhiemd)temperat u

i matic conditions ar e fmivairnaebtl eee nft chr ttolwelinstty gdlescwet che e ot
dicate that growth of isndni Miaduani tthr emesanmagy ofwt actuat

h changing climate. Somé hpt majhoer i ty of trees reboee
some degrees of climatdecline to present.GeinmeaboWwWen
ose pl ants gi (©' wdleleinwansr easspensée ood warming in Hum

16)Harsh <c¢limate for a ltdhreg ttwelas, dmestt oot hperennieaki
ants become unhealthy @redasehpwewhidec!| imaeg galosvd h,enh

ereas before death the prhaodioslynghewib. of sever al tr e
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Fig. 3. Treering chronologies of raw ring width of Chaprot (A) and Haram(@hregion of northern Pakistan. The thick blue lines
are the samples depths.
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Fig. 4. Comparison of Chaprot and Harmosh chronology (Above
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