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Figure 1. Location of decay monitoring sites and the nearest synoptic station in Chaharmahal- Bakhtiari
province

Ky smop Sl s ('5 Dl \GJT S el GJL‘T
sl Hlae 4w 3l ng‘J; C\y\ ol gam sbals
‘L«J.f C\y\ Loolan slays, Sl ‘Lejf c\y\ slas

sl 4 Lo lresls ) oo, i idsn o
LSL&O)‘.) 9 IR ClimPACT JJ.A A4 D99 LS‘J’ 45‘)'3)
69 u\:w\ J.JJA.‘ Y R S N YR LSJL“’)L b.,\.&[.;



A oor e SL1 L 0T S e saiS, Sl
5 s S boasls aibi bl e 4y b S
sty s esle el sl e 5l e
gl el ETCCDMI bS5 huy
Lisa ) sps 0 amlme 5 Lily, al » oLJS

.(Alexander, 2015

(Heat Wave Number) f’«‘? goe ol slaar ja3ls
asls 2ol 5y, aw Jolas fff T 2l L e J
22 @A ol Gl 48 258 e g 2l K sl
T A T T K B RV - W PP E J =
s gy Jlod o S b planl o S 5o dilate 4
Al s w8 8 50 i b e sle Sl e
Uil oo oS anse 55 o8 (5 20 slas,

sl Sl A gazma b o9 gme 4] 5 5,

HWN_TX90 > TXib90p
HWN_TN90 >TNib90p
EHF >0

TN , Slas oo TX Ly KL TM (bl ) s
omzad Cal J3las gles

Vool (Y- Al?‘b'j.\é'lfjm&uaj@.\»bw}ﬁ&LGQ.J‘:J

sbpasls Wla)lS o5 by &S o5l ool
A eslia) (s g sa Ly a 2aiS, 2
aselos CIMPACT Jae ) eslized | b, lae o
RCIMDEX /33l 5 e CHMPACT Jao .5ias
WMO/ CCl/ CLIVAR/ lolosle by a5 ol
sl ae); 53 jaak o5 5 JCOMM
el a4 (ETCCDD) Isy0] ois s asls
Ssde Ll R 210 S5k 5 Lame 5o 5500 5
e 51 a8 el o) 1l 5 ) bl ) (S
5 Cmydl S 5 s 1y Lesls S s la
S asla o] 5l e A e asie |y O sl
Gan Xgd e araloe s, slaesls Lolul il
2boasls 5l syl 4sseme s ETCCDMI
2 w8l i sla (Ss ol 5ol b olsn 45 el
45@.\-?'31)" 35 alie 5 s p L Gl gbl
slas 1) il o sl olg e boSile el
Al 555 48 Slem syluilial s pasle olll , ols
S b bl s 5 Sl eliales ol
. Kl 0 L;.H\.w(w\s.\ O seaesS  alas 3|
sl esls w5 e Al 5y wls)S

and EHlyer = (TMi + TMi—1 + TMi—2)/3 — (TMi—3 + ...+ TMi—32)/30
and EHlgg = (TMi + TMi~1 + TMi~2)/3 — TMij

W ) D oal eyes o s e A S
358 Al (V44 Y

55 (TXIFTNf2 i) 615, Jawsze slas TMij
o8 595 olsiea 1, TMIDOOP ozl J oy9 o3 i 55,
b sl ead Al gl Kby, 5Sike 2o 8-
D 4l e)s0 00 msB 555 A Cassme Liosss b Sl
e go dmaloe (VA=Y v e gl (6 5)

053 521 555 55 A3, sles i TXij o s oS
Qoo Ve Sao w5, olsea 1, TXIDI0P sl ]
ST o) b Gl p ead Al iy, les Sl
was 1) b oal o) o s 5o, p Copsme
Db o Al (VAANV=Y e
b ] oy 530 5a, o s, sles J8las TNij
axd Jilas aop A esE s, olsiea 1LTNIDOOP

Loosss g Sl ool 6ln e amle s, o)l ~



e S sl sl S, Kl

T L oolen 55, Slsl 3 Laslz P-value=0.05 | ol o5
Ls.ﬂ)j.g;‘.ﬂ\o)..;’;ubQ@Q\f;}&g”a@.\)gr;
.)‘.) OL..J eK’L....i\ O;‘ r; CjA Lg b\JAA )')) g_sj\ﬁ\J‘é UAS-L.H
Sy, panle ol plavads S Jss cale 53 0 S
el azzly o, 40 olibl CEW bbb sme 5 ool 8
o3> 5 08 e Lol 355 VY AAF L s s
PR RO U P EWRS PP U PSR TYCN W PR e
j)) \ )'\ ASL;J)LAJ .C,\.w\ M‘.} d)\-’@’“ 9 LJ’“"‘J.é‘ .o\sﬁj
¢S g belar 55, YA 4 Y0 Il 5o s S e Lol ar
L;Ue.»» YY) ba v IR o 6 ) Y-\4 JLw BY
Lol b 59, Slol 3 Lasle Ol i (ols gae 5 Ky, ot
ol 93 3 ols u\-“ Ja)\ A.Swjmw o\.<}’.“¢“\ By fJf e
Yood Sl 5o 28 mse bolen 5, ﬂjpﬁu 5 diw S
sdeey 55 YA & YOF Jl 5o ol 8l 5 as 55,0

Y JK2) el

Heat Wave ) pf g b ool 5o, Sl A pasle
(Frequency
5o ¥ Bl Lla 8 8 5 s b dal, el
Sl 5 plasss Gl 0 8 e K sl Gl
go Lol by, olsiea cul il s in 6l

Dy a8 s r;

Heat Wave ) r; e L ool 5o, ‘5“}“’5 o>l
(Duration

500 ¥ Jolas Ll e o8 8 ks LY sl Wl
ools C) c J,L Q,ij“uj\fjb ‘rjf e Y slas L5\)3
Ppdie b S s e » sl

o5 o Lol 5 ol 3 (abls sl gme 5 s, s
LS)"L;:""‘) K s iy, Lx ol ¥ Jg.ijg

station: ardal total [32, 56.65], index: EHF_HWF

30 35

25

(days)

20

EHF_HWF

15

10

7/
s
D, ;
,/
!
-
et —xxil\/

T T T
1995 2000 200

= locally weighted scatterplot smoothing
Linear trend slope= 1.264 S

— locally weighted scatterplot smoothing

(plamanls 5 Kz cule) 08 Ky s 8ol 2 S 5 b

Ye

T T T
5 2010 2015 2020

ar
lope error= 0.274 , p-value=0

T Year
Linear trend slope= 0.799 Slope error= 0.223 ,

p-value= 0.002

b‘Jo.bJ')Juﬁ‘j‘)gﬁ&ud‘)‘ég&A}Jﬁ)JQ‘M—*Jg.:

Figure 2. Trend changes and significance of the frequency index of the day along with the hot wave of Lordegan

synoptic station (Chigo

and Qala-e-Sama site)



(days)

EHF_HWF

35 40

30

ol

15 20 25
1l

1l

10

Vool (Y- %‘b‘j.‘d.‘fjw&uaj@.bbwwlﬁ‘\if::)

station: lordegan total [31.5, 50.83], index: EHF_HWF

aliny

aliy

7
7
7
7
e
o—po
, °
7
7
° o g
7
g
D/’-«; ____ o_ u\ 7//\/0\
T T T T T T
1995 2000 2005 2010 2015 2020
== locally weighted scatterplot smoothing Year

Linear trend slope= 0.799 Slope error= 0.223 , p-value= 0.002

(bLsz-?J 5 e I8 cule) Jo,) Ky s o o5 g Lol 555 Gl 3 pasla (ol gme 5 aip) Ol i Y S

Figure 3. Changes in trend and significance of day frequency index with hot wave of Ardal synoptic station
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Figure 4. Trend changes and significance of frequency index of number of hot wave events of Lordegan synoptic

station (Chigo and Qala-e-Sama site)
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Figure 5. Trend changes and significance of frequency index of number of hot wave events of Lordegan synoptic
station (Gelsefid and Rahimaabad sites)
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Figure 7. Trend changes and significance of the continuation of the hot wave occurrence of Lordegan Synoptic
Station (Gelsefid and Rahimaabad sites)
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Abstract

Today, oak decline is one of the most important challenges facing the Zagros forest
ecosystem. The phenomenon of decline is affected by various natural and human factors.
Among the natural factors, heat waves have emerged as a consequence of climate change during
the last two decades and have contributed to the decline of Zagros forests. In order to reveal the
effect of heat waves on the decline of Zagros forests in Chaharmahal and Bakhtiari province, the
most important characteristics of heat waves including frequency of day with hot wave, number
of hot wave events and continuity of hot waves in four Zagros decline monitoring sites were
studied. Daily data from the nearest synoptic stations to the decline sites were used for a
complete climatic period from1991 up to 2019. The wave features were calculated using
ClimPACT software in R 2.10 programming environment. The year of onset of heat wave at the
sites of decline and trend changes and trend slope error and significance of changes were
extracted with P-value= 0.05. The results showed that all heat wave indices in all decline
monitoring sites had an increasing and significant trend. The frequency index of the day with
hot wave in Chigo and Ghale Sama monitoring sites started from 7 days with hot wave and
reached 39 days in 2019. At Gel Sefid and Rahimaabad sites, 10 days with a hot wave in 2005
reached 38 days in 2014. The highest frequency of hot events at the sites of Chigo and Ghale
Sama was six events in 2015. In sites of Gel Sefid and Rahimaabad, the highest number of hot
wave events with seven events was in 2014. Examination of the frequency index of hot wave
occurrence in the two declined sites of Chigo and Ghale Sama showed that the highest
continuity of hot wave occurrence was for 32 days in 2018. In the two declined sites of the Gel
Sefid and Rahimaabad, the highest continuity of the hot wave occurred in 2018 and lasted for 14
days. Comparison of hot wave characteristics between declined monitoring sites showed that in
Chigo and Ghale Sama, located at a lower latitude, all heat wave characteristics were more
intensive. Considering the increasing trend of global warming and the location of Zagros forests
in Chaharmahal and Bakhtiari province, it is expected that in the future the number of hot wave
days, the number of hot wave events and the continuation of heat waves will continue with
greater intensity, therefore managers and decision makers must adopt strategies to these changes
in order to preserve the ecosystem.
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