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Table 1. Correlation Coefficients and equations of the relations between mean daily air and soil depth

temperatures in Kerman synoptic station.

() Soar o5 P) 035 13 gme Jlo| dales (e Sl) )5
Correlation coefficient Significant probability (p) Equation Depth (cm)

0.95%* <0.001 T, =0.572 +1.28T, 5

0.94** <0.001 T, =1.85+1.197, 10
0.92%* <0.001 T, =3.28+1.04T, 20
0.89%* <0.001 T, =4.54+0.973T, 30
0.83** <0.001 T, =7.69+0.817T, 50
0.68** <0.001 T, =11.5+0.584T, 100

ol P /00 Stsad i 0350 5 me sl Sl ™

** Indicates correlation coefficients that are highly significant (P<0.001).
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Figure 1. Regression line and relationship between air (T,) and soil (T,) temperatures at 5 and 100 cm soil depths.

3 el Bl gy b Lagae aan 3 SLs
edasOlss Laasly ol 5 A5l _ja (P<e/00) i sins
Ly il L fad ol s SUs gl il 53
LS Okl fad s St gles ul58l ax 5 LB
P I VYV TR PR SN { | IPC R Ve PR R WS
Slp g o S Ol 53 5 55, (b s S
Loty aod 3 Aoy s p bt Ol Joad
Or X (Y lages 5o S gley 5 ol LSS
(P<e/o)) Sl e g oals gy, lls Ve
2 Ll olg Jaad 5o amen (Y Jodr) AAL
SraSlw Vor 500 Slages (IS = a0 ga5
SAS0) Gl O Gas g als iy, S
S0 s Js cdadls (PSe/e0) Jls pme 5 ool 58l
o iz L (Y Joder) Al alis sl baes
gy oS Cll e OS5 oo el Cowsas glaanly
Voo 500 slag e pSL= by o alS
b s Sl ol s Sl s S e sl
o=l s b e RalS S sl 5 il Ol
los 3l 5 LS (gL L Rl5il s 2alS
il bl 5ol 5 s e sl 5 B s S
hls Lages aan 53 SLs gl 5 (Y Jos)

U_i\ 9 J.ZL:L;A (PS'/'O) )\J&M 9 ;5‘:‘{\)3\ LEJ".’))

Y4

53 s glas sl OLis O S5 L 3,
23 545y O Ol 5 Ol Gl (sla fuad
Db —mmn g Al Bl g, sl el b
el s Ol Gl sl fuad (gl ol (P<0/00)
=0 5 el et Sla s Sl eslial L
Lo odys (ol ome L) e sles (s O S
Lol s okl Ol gl ad gl (Y Jsur)
J—=5 5 ol S Sl i, Sl esle
Lo ods (ol ome Ly, e sles (s O S
(Y Jsa)
L Sls glab,f an s VL. S gles
5 il iy shls IS = e sy ) eslinud
5 3lam glaasl sl o P<e/0)) s sme
L olal gdoden o&aal gl (2011) 0L
Lolg, Llsa glos Laulssl Wy, alail V.AL: oslaul
4S Ad ldaly ann g 4 e Jae —S gles
Oly laes glos bl 1 S gles Laul58) Wy,
S slw Y 50 e p SLs gles 3yl o
S GO L LI R P
Sl glas ad vy p glaadl ol 50
sla fad b SLs les Ky, oz ls 0L

slos 5 (V Jsdmr) il e alie 50l 5 Ol



YA (£) o loud (YY) s SB 5 O Cblis gloing}s 4 puid

3l Jead 4 by e S gles 5o Slapme L,
S = omly slagas 3 5 Ll e Ol
o s SOl A eds Oltes) 5 5wl 3 L5l
V445-Y 10 A sladle b & ge 3l bl 3 (2013)
L}Qa_éﬁdLﬁ-L;LAsdg_éling@l:jwl«f
5 S5 5 sl e il 3l A, glls Olies
S sles &l i a5 (2001) 0,
Sl 5 Olieay b 43 55 1440 B IAGY JL
J@ﬁ:bfuzju a3 ¥ o= 5 S gles
sles Sl Juad 45.30) L355] s Oliesls
a3 Sl glos 545,08 Y sy 14
Of g3 5 G 3z o Conel Bl 2l 531 o S sl
Sles ulidl js age B Ll o bl pl s
e 5 S le S G b Sl el S
sl anils OF YU s ol S LUl bl
Sles (inyn b (2005) OLLSan 5 S5,
s 4 S Aol QLi.',V.:.WﬁQJé):\) LS 55 S
31,8 il am s /8 s WVl glos WSla o
5o sbafea 03 LAl a5 ol ed s
Laasl O3y Cosline s 5595 oo odalin Ol
Sl Llg o fags ol @L:jl_ga\.é_la;ﬂjajz
So o Sl dpb Lyl s o)
5 sde] Cwzass =5 29) ail Latags
Ay s 4SS sl Olis Ul Slex cpl S8
YO/A JICS = e 003l Ol5 olie ¢ Jad 5 VL
el e o sesl s 4 s S il o
s eVl glen los Slsges 31y Wy 25 ¥ ISSS
s e olis Colate slals, )y VL S gles
23 S los 5 15n Glos ke Sk g
Lad sl plosil | odal Cowdas = bl b
das o QLY Jade lae dlale Ly, o S

eb)_z MLL_A u..u)L_Aj 4.»)}3 ‘4'1)"\).. 6LAeL¢ @L“u LY

VYo

la fad ol s S gles il 3l siasOLLS Laasly
et 3 S gl ol sl ax g LB Xy, ool
e S cslilas asl ol e s olnts
Ol 53 5 50, b 2 S b gladY
o @S Sl Joad gl Ligd S
S gl 5 el DL s B9y ann 53 Ly,
3 oeals gy lls Ver 500 X (Ve glates
03 Hemamad (Y Jgds) AL o (P<e/0)) Sls pas
500 Slages JILS = s 05051 55 S Gl Jud
0 s 5 oals gdis, S (g2 gl Voo
(P<e/00) s mnn 5 il (sd g, (6 e sl
Lo ey gdgy Lagas ;—<i-’ 05 s ekxdls
Ol stal Comzay glaaly 4 a5 L (Y Jsa)
s SLs gl oals g,y aS cslKl e
s sl 53 Sl s mla v 500 slages
S sl S o tll Bli) b 43 oS ol
St G o RaLS ol 5 A e Rl
Sl e Loys s S glas sl 5 Lo S g5V
D5
s et sskea (2010) Sbe s 5 Ol ygd
ez 0T 51 5 010l 5l ible 3 St o e
e Sl esliad L VAVS=Y 400 oy b 0l S
Joom sl (St 8 IS = n s
G ol & O St a2 5 O S
3l &_LCA_Aﬁ&.;_,\J.el A, S el cws
OUT . zs sdaline Olo S ahax 5l 528 (slaolKas]
aasY Job s S gl S, gbay a5 sl Ol
o=l slaasl ol will (ols pre usd ardS
23 Ol j3eds clq;,l slaasl ;—<-L-’ L Q\Jij..a)};
Sz s (10, 14) 55005 Sl sean (81,55 L dlasl
—on b el S e 55 (2013) O

ol P e oS s DL S sles b g,



Ol)SKed g (ol yew

Olss el dawloes paldeayao g L o oman
O S5 el ot el (IS = e sla0 55
St s dea s o=l e 03 O
b sla i 5 Ol o S e SIS =
o orl Pl Al el sl 5 O S
lale Slay g w L) oy Sl JAS =0
SV o gl riomes ol 5335 5 nlia
o3l el JIUS = e 05030 51 SU s SLL L,
S Sls e o alS L5J._§J)J.<}L:.3 c;l:; S LS
mmean 5 (P</v e\ 5= =0 /FF) LY SU
als g, L;\)br_a«jYLm SO Sl
laasly ol deil o (P<A/0Y 7= =+ /TN i3 jme
St s SU L uSs; fals b aS das e ol
i) 3 03, Mg Rl s (8L 53 GG Ol
adleo cpl jalga glos 3 St glos b8l Comge
S gy aS b 8 et Ols5 o 5 Sl ol
Bl d ooy 7585 5l AL Al e 0 e dalile

sl el ol s

19
—35 —o— Il Ta
‘]‘ 18 1 ey gam)S ) b Regression line
j 17 1
%
v 161
i
N
15
-
©
=)
N
« 14
o
13 T T T
1940 1960 1980 2000 2020
Year Jl
(<

Ts (%) G5 sl SLs sl

tl?;,\l_“\}:s Sles a4 ysd sle 3 &S ol ul b Js
s SIS O 5 el 2 Sl
Ly ol oobe 5 4 sll slaele j5 &S ol 2158l
Ll 2l
oy shls S gles C,LU el Aoy
SO0 X Y Glesl ps Wiy ol &S wil e L2aS
slaole 53 (P<e/e V) ol Jls pme (30 Sl Vo
gy Lol 5 0 53 5 o35 alis LS Usy
(sl laels 5o ls 525 (g ols e o2l 58l
sl Sbs ol slagas Glod & 55 5 (o0
sdal S BB g Lol als gy,
Llos gy ul bl Kgy glls dlale (5w @L:.} 5o
ol sy sla i, 5 ol pan 53 4 S
S CdS Ol o J5 Noss Sls pxe s, oyl
gy sl Laels dm s Ar s 1sa sl wilale
loa glas )fbgpd - S les 5 o3y ool
4S 035 omlshl Wy slls Lacle 5 iy 53 g e g

B Gt 43 S5 slod T (5 cm)

1+ Gmos 43w S 5Ld Ts (10 cm)

257 e Yo Gmod 4l S so  Ts (20 cm)
24 —rmrmrs P Gt 4l S god Ts (30 cm)

—— — B Gmee ¥l S koS T (50 cm)
2311 PR e Yoo oot 4i¥lmw S slod T (100 cm)
ol
21 A
20 A
19 A
18
17 T T " '

1940 1960 1980 2000 2020
Year Jlu
(<l

5l = T AVlu glos 5 Kile Sl pis Kig; 5 (W) S Cilisus e 5o AVl gl 5Kl Sl s Ly, Y K

Ol S shder oyl 140V -Y4 04 ladle

Figure 2. Trends of annual mean soil temperature depths (a), and annual mean air temperatures for 1951-2009

interval, Kerman synoptic station.
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Table 2. Annual and seasonal temperature trends in the Mann-Kendall test, Spearman coefficient, regression

analysis and Pearson coefficient for air and soil depths temperatures during 1951-2009 interval in Kerman
synoptic station.
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** and * indicate statistics significance at P<0.001 and P<0.05 levels, repectively. A: positive trend; B: negative
trend; C: no trend.
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Abstract

Background and Objectives: Global warming, due to greenhouse gas increase in the earth
atmosphere, caused an increase of about 0.8 °C in global mean air temperature since the early
20™ century. The long-term heat energy deposition, both in atmosphere and in soil depths, affect
physical and biological processes. Climate change detection statistically is a process which
could reveal significant changes that might not be related to natural variations. Long-term
thermal energy deposition in soil depths could play an important role in detecting climate
change. Thus, the aims of this study were to fill the gaps in soil temperature data and
determination of the effect of global warming on long term soil temperature trend.

Materials and Methods: Kerman synoptic station was chosen to collect data for 1951-2009
interval. This station is located at 30° 15 north latitude and 56°58 east longitude with 1754 m
above Sea level. The long-term annual mean temperature and mean annual total precipitation
are 15.8 °C and 150 mm, respectively. For detection of climate change the long-term annual
rainfall and cloudiness, daily air temperatures for 1951-2009 interval and daily soil temperatures
at 3, 9 and 15 GMT at different depths (5, 10, 20, 30, 50 and 100 cm) for 1992-2009 interval
were collected. The parametric methods of Pearson and regression techniques, along with
nonparametric techniques of Spearman and Mann-Kendall were employed to detect temperature
trends.

Results: The results of these study indicated that Mann-Kendall test could reveal soil and air
temperature trends more accurately. The mean annual, spring and summer air temperature
trends significantly increased (P<0.01). The mean annual, summer and autumn soil temperatures
also had increasing and significant trends (P<0.01). These findings also show significant
negative trends in both cloudiness and rainfall (P<0.05).

Conclusion: It is concluded that there is a pronounced similarity in Kerman air and soil
temperature trends with global temperature trend and soil temperature could be used to detect
climate change.

Keywords: Non-Parametric and Parametric Tests, Climate change, Mann-Kendall, Kerman
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