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Figure 1. Location (geographical coordinates) of
the studied stations in Fars province
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Figure 2. Monthly changes of soil temperature (in terms of Celsius) in the statistical period (2007-2017) at
the studied depths. Abadeh (A) and Darab (B) Stations
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Figure 3. Monthly changes of soil temperature (in terms of Celsius) in the statistical period (2007-2017) at
the studied depths. Jahrom (A) and Shiraz (B) Stations
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Figure 4. Monthly changes of soil temperature (in terms of Celsius) in the statistical period (2007-2017) at
(Zarghan Station)the studied depths.

Slesl o S les g wlidler gl e
5looolaul b oasdllae 8y90 syl 0,90 ,o calisw
Sy @l 4 4293 L g 0 jiite wizr (oS (9 S
2w bgye Gsew S, @S 5 calye Jeur e
el sl g Al Glesl j5 25 Laily) (ol 0
Llg, conl 0ol @3] Iy &0 4y dalllas 0,50 slo
ool oold Lis (B B V) Jglam ;0 sl Cewas ¥olas 4

ol
Cowdy ull g 00l 43,8 O g0 Slwlxe 4 a5 b
i 93 (6 e Sl B Gas yo 0ol oyl yos 0 ool
Grosdls Vo o ;o dso sles jiSlas g lgn Lud
Gos 50 oo Jllas 5 Leo iSlas den ,lid sla o
Gos 50 oo Sl e b g gl Y g Ve
Sy ¢ s Casby (Slo i (6 e Bl V0t Bes
56 i SB sles 5 L 2STas 5 lga jLid wly

Wyl 1y

AR

TRV RN & TR VS SN I JS TP JUUVIP- T-YYL GOWE| R
2S5 Sl (5 yeniile B os 4y by e (Kines
5,00 slo,elS jo e @l bl ,o Ko alin
OB 5 jon S el 48S Sjge olpl e
Gy » Slaslles L (Sabziparvar et al., 2010)
M g Sy Lbgy ol eoliiwl L S sles 84l 5
WdieS glod sl il )b Clucsl b csols alowl o s
a Joe 63955 sl el plyie 4 ST el 5 oL
e a4 b ppe s e eSS
ois) jo sy il -+ glosl j00/AF Sivion
sl o] o (6 0 il B Bos jo +/FY g laal;
N PO DN S U 1 v-E S S Lt | FRRIOWAY
b s olod )0 g bgas olod o Sison
YU jlws (Ko 3929 5l lias a5 o0gy +/ 51 5YL
sdal Cwd an Sod bl @ oaxg Loyl



VEe e ol F o)let A al>

S 60,5 wlabss

00T ¢yl et (5152 okl sy (2,285 bailgy =) Jgur
Table 1. Experimental relations obtained for Abadeh city

Modified  Standard Experimental Equation

Depth
R? Error
5 0.989 1.0952 ST = —0.115 x (P) + 0.105 x (TMax) + 145.176
10 0.987 1.1861 ST = —0.101 x (P) + 1.123 x (TMax) + 95.315
20 0.984 1.2201 ST = 1.130 x (TMax)
30 0.981 1.2971 ST = 1.118 x (TMax)
50 0.960 1.7234 ST = —0.732 x (W) + 1.062 x (TMax)
0.914 2.0864 ST = 0.066 x (RH) — 0.053 x (W) + 0.297 x (P) + 0.977 x (TMax)
100
—295.321

Total 0.950 2.0800 ST = —0.404 x (W) + 0.016 x (R) + 1.086 x (TMax)

ST: Soil Temperature, P: Air Pressure, Tyax: Maximum Temperature, Tyin: Minimum Temperature, W: Wind Speed, Ry: Relative

Humidity, R: Rainfall, S: Sunshine Hours
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Table 2. Experimental relations obtained for Darab city

Modified  Standard Experimental Equation
Depth
R? Error

5 0.990 0.9922 ST = 0.007 x (R) + 1.030 X (TMax) + 0.092 x (TMin)

10 0.988 1.0544 ST = —0.730 X (W) + 0.008 x (R) + 1.025 x (TMax) + 0.115 x (TMin)

20 0.984 1.1864 ST = 0.051 x (RH) — 1.043 x (W) — 0.009 x (R) + 1.051 x (TMax)
+ 0.134 x (TMin)

20 0.979 1.2869 ST = 0.06 x (RH) — 1.3 x (W) + 0.01 x (R) + 1.029 x (TMax) + 0.161
x (TMin)

50 0.967 1.5088 ST = 0073 x (RH) — 1.855 X (W) + 0.142 x (P) + 0.01 x (R) + 0.0995
X (TMax) + 0.198 x (TMin ) — 154.361

100 0.922 2.0113 ST = 0.087 x (RH) — 2.962 x (W) + 0.264 x (P) + 0.011 x (R) + 0.912
X (TMax ) + 0.294 x (TMin) — 277.791

Total 0.956 1.8685 ST = 0.056 x (RH) — 1.38 x (W) + 0.085 x (P) + 0.009 x (R) + 1.007

ota

x (TMax) + 0.166 X (TMin) — 95.529

ST: Soil Temperature, P: Air Pressure, Tmax: Maximum Temperature, Twmin: Minimum Temperature, W: Wind Speed,

Ru: Relative Humidity, R: Rainfall, S: Sunshine Hours
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Table 3. Experimental relations obtained for Jahrom city

Depth Modified  Standard Experimental Equation
R2 Error
5 0.989 1.1362 ST = —0.265 X (P) + 1.005 x (TMax ) + 253.529
10 0.987 1.1232 ST = —0.182 x (P) 4+ 0.977 x (TMax ) + 177.074
20 0.980 1.2583 ST = —1.436 X (W) + 0.942 x (TMax )
30 0.972 1.4294 ST = —2.083 x (W) + 0.900 x (TMax )
50 0.954 1.7323 ST = —2.891 X (W) + 0.861 x (TMax )
100 0.875 2.4335 ST = —3.836 X (W) + 0.519 x (TMax ) + 0.324 x (TMin) + 253.529
Total 0.934 1.2914 ST = —1.877 x (W) — 0.099 x (P) + 0.867 X (TMax ) + 0.098 x (TMin)

+ 96.309

ST: Soil Temperature, P: Air Pressure, Tua: Maximum Temperature, Twi: Minimum Temperature, W: Wind Speed, Ry: Relative

Humidity, R: Rainfall, S: Sunshine Hours
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Table 4. Experimental relations obtained for Shiraz city

Modified  Standard Experimental Equation
Depth
R? Error

5 0.990 1.0306 ST = 0.017 x (R) + 1.082 x (TMax)

10 0.988 1.0499 ST = 0.019 X (R) + 1.083 X (TMax)

20 0.986 1.0647 ST = —0.011 x (S) — 1.172 X (W) + 0.109 x (P) 4+ 0.019 x (R) + 1.062
x (TMax) + 0.106 x (TMin) — 115.047

30 0.980 1.1768 ST = —0.014 X (S) — 1.744 x (W) + 0.149 x (P) + 0.019 x (R) + 1.048
x (TMax) + 0.125 x (TMin) — 153.577

£n 0.967 1.3826 ST = —0.017 x (S) — 2.320 X (W) + 0.236 x (P) + 0.021 x (R) + +0.997
x (TMax) + 0.186 x (TMin) — 238.865

100 0.917 1.7788 ST = —0.048 x (RH) — 3.781 x (W) + 0.343 x (P) + 0.026 x (R) + 0.869
x (TMax) + 0.238 x (TMin) — 239.259

Total 0.938 2.1369 ST = —0.012 X (S) — 1.617 X (W) + 0.143 x (P) + 0.020 x (R) + 1.023

x (TMax) + 0.133 X (TMin) — 146.717

ST: Soil Temperature, P: Air Pressure, Tmax: Maximum Temperature, Tyin: Minimum Temperature, W: Wind Speed, Ry: Relative

Humidity, R: Rainfall, S: Sunshine Hours
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Table 5. Experimental relations obtained for Zarghan city

Modified  Standard ) )
Depth Experimental Equation
R? Error
5 0.987 1.0645 ST = —0.803 x (W) + 0.023 x (R) + 1.082 x (TMax)
ST = —0.993 X (W) + 0.111 x (P) + 0.026 x (R) + 1.089 x (TMax)
10 0.984 1.1076
—118.903
ST = —1.083 X (W) + 0.137 x (P) + 0.027 x (R) + 1.080 x (TMax)
20 0.982 1.1358
— 145.515
ST = —1.377 X (W) + 0.175 x (P) + 0.030 x (R) + 1.070 X (TMax)
30 0.978 1.2305
—182.380
ST = —1.988 x (W) + 0.287 x (P) + 0.038 x (R) + 1.066 x (TMax)
50 0.960 1.5327
—293.683
100 0.890 > 0472 ST = —3.001 X (W) + 0.474 x (P) + 0.048 x (R) + 0.958 X (TMax)
' ' +0.182 x (TMin) — 477.583
ST = —0.010 X (S) + 1.541 x (W) + 0.205 x (P) + 0.032 x (R) + 1.058
Total 0.941 1.9848

X (TMax) + 0.080 x (TMin) — 211.786

ST: Soil Temperature, P: Air Pressure, Tya: Maximum Temperature, Tyin: Minimum Temperature, W: Wind Speed, Ry: Relative

Humidity, R: Rainfall, S: Sunshine Hours

5 SS9k sloysie [ b e el
Bos 5 oo gSlos
sl Ve Bes )0 iz g Lo JBlas g Les iSTos
Oty S slos p oo PBlas 5 Les yiSTas o Sw5)L
sl pxie lud ol ed o adlazsls 1,00
losgy NS 56 S sles p Les JBla> g Les piSTos

Sreils B+ 5 Yo Y

Oty e Bl O Ges )0 0By L el o
5o oo yiSTas g Syl ol ceyu s pis 1) 50
o Srahle Verg B0 e Ve gla Gee
5 oo yiSham o S5k dgn ,Lid ol ey (slo picie
Ol g 5 .l 00y e S sles p Loy JSlas
ol s e8] Slels wlislgn ol e (36
sbo ples Jilas g Lo wSlas ( Sail g Lasd
ond a8 5 I Jelse o 5l il oogr IS 56 S
(ol Ll )3 (s 9j50 @alll 90 5o oulidlse
5 SIS SE cntien llo 9o slos STa il
33915 53 NS 36 (5 55eS (sl o LT el 12l

\YY

P E PV P EVEL bl yliw g 5o S ek a
S 5L S gl ples iSTas g Sk ol e
Srossle O Geas jo wolle Hliw gl jo alosy
Gos o oo JBlas g Les wSTas  SW)L sle s
(et Sasby Glysie gy gle Yo Ve )
Oezeed g los JBlas g Les S Tas  Sai )l ol ey
(o Sughy S yesie g e Bl Ve 9 00 Bas o
Loo J8las g Leo iSTas ¢ Sail dgn Liad ol ce pus
2 IS jebay il ansls | 5t o e S sles
(o Cagby cwliiles slayurie (Ol liw ol
Lo Plax g Leo iSlas o Saijl dea [Lid ol ce pu
30 el ooly las S gles 1y LSE o i
Ot Sl Vo g O Bes )0 p e Gl
Yo Gee o bes 2STas g len jlad gla i |, 56
Loo iSTas 5 0k cas s (slo puiin (5 0 sl B+ 5 ¥
S Sl e (il Vot Bas 50 (izmed 4
oaly ylid |, fub Oty oo JBlaz g oo iSTas ol
ey oolidlyn o psie o Ol el 50 ol
S slo plos Plas g Lo iSlas dea Lid b

Vo g0 Gas o oled ol gl o ooy 105,50



iz slages 10 S sles SlKe il 5,91

S sles 0,91 5 g Bles! asn yo Slyls oKl jo
b Sk g Blas slos 2STas gles sl yal)ly @
Voo 900 Glael jo .l 5l alizen (6,108,350 ax o
(s Sagby a4y ysS e la el egdle (g Hle
sobar Lol el 5hs 58 lga lad g ol awgte Cac
2ol i Sle gles (o)I8,50 az s IS
sloo 2yl ez oz oSl o aile bzl
S S slaylly 4 calize glosl o IS jsbay S
Sz el Vo5 0 Glasl jo a5y 5b ar el LS
5 ol Lo lon JLid 5 iSTas glos (S5 (glos 5,51
slrosls oolaiwl b (g0 il B¢ g Vo (Ve locl o
S glos olio Blsics b Lausgio Cut s g 5 (slod
Vo g0 Gleel jo 5 5l oKl 4o 0ges 0910 1,
—ools 4y 5L hasd S sles o5l C (5 e il
o bl asle Swl 5 55T cles wlidlsn ol
Lol o 38 5l 5 bayall plo S Glae!
Ot SYolee Glps 4wz L L5 jsba
FSlas sles @ by e S glod 045l y0 (5,135,530
B! wlive x5 B, oiusl .all o lso
Srehle Vo9 O Glesl jo (S ysbas o)ls i
Sl i Bl (555 sloyiall b S sles 051
2 ebdles e sl alily (oe Rl L L
s pizen widlbioe oo S sled (eSS
S a8 el om Gl b LaolSil plas o
399> B (s o p2 1 Goe Gl L 4S5 b 4 il oo
Geios opl s 4 ar g babge pals ss e )
OYolee 5 (owlbillgn slaosls 51 colaiwl b lgs o0
o bl o (o8l Ll ully osel conny
Lo .0y5] Gy (e O jge0 a0 1y ST sloo oyl
3oz 50 Gl paas 5 EYolae a5 el S5 LB 4S5 ol
onl 5 g el Cosay by (e S Lyl el
G55 Beios 5hioe ol I el ptas byl
390 5 Lpaldl plo 6l g (2l idg Ll b e

255 )R

VYO

OLan g 555 (6w Dlddon (o .Cawl 009y S glos
aS Wy 4ol opl @ 55 (Sabziparvar et al., 2010)
2 SB o gbes p wliilen sloyiie 236 ol
o olii |y slite DlS yolie calise slag.Lil
Ol a8l gdan o 4z, JISG Julse o 5l ams
Ol 5 Ko iy shls alys) Glse sles
S Gleo bl San (3 S ol e s g 4l
Oezmed Sl 0ols lis axdllas 90 sloap 8l o
OBes 5 plo)ly @i @bl b yol> G bl
o gy s peas o (Barman et al., 2017)
S gl ) setle D Ger 5 (Sieren
i e S G Gl b5 ol sk

Abor 2ol (Ko

Kot 9 Lally) (o) 9090 @ pol GBS )0
i o S sles g wliblon cilies gl 2ol o)l
it glaglo el 53 55)5lES Sysis ol
a3 (p ez 5 OB, wolylo w0l 5l i) Lo, 6 !
Cuz 605 ldolae 0,8 o o] Gos g b
oolislon slo el 5l ooliil b S glos peas
Ll gyt 530 sl (sl oSyl 55 Sy
Loo oy Ols ol onsl iy ;2 0 S ol
0318 75 (5 yontilis O 3as ;3 5004 JUIY olo 4y Lgy o
S8 Geee 4y (5 el B0 Bos b Wy, cnl cul
Loo iSTas (6 eniils Voo 50 Goe o3l L Lol o]
5 ol s ol ol &, anle g0 b Sy 56 L
5 Vo Glasl jo 0ol o] jo cams oo las &Yolee
g 039 Fga o glos yiell Ladd (%o (Lo Y0
S sl e lyfsn saabl ol 58,5 S 5
35810 Cazr el Ve e e o Lol ogai o sl
sl el 4 Slas sles 5 oode (S leo
el 35 5 g 5Lid g ok Lawsgie Cas pn ¢ g Cugho,
il el o 51 i ST sles b Ll



VP e oF o)let A al> SB g,)l5 Slidiss

References

Alizadeh A. 2011. The Relationship between water, soil and plants. 13" Ed. Astan Quds Razavi
Publications, Imam Reza University, 616 P. (In Persian)

Barman D., Kundu D.K., Pal S., Chakraborty A.K., Jha A.K., Mazumdar S.P., Saha R., and
Bhattacharyya P. 2017. Soil temperature prediction from air temperature for alluvial soils in lower
Indo-Gangetic plain. International Agrophysics. 31: 9-22.

Buring P. 1984. The role of terrestrial vegetation in the global carbon cycle measurement by remote
sensing, John Wiley and Sons edition, Massachusetts, USA. Pp: 91-109.

Ghuman B.S., and Lal R. 1981. Predicting diurnal temperature regimes of the central appalachians.
Soil Science.132:247-252.

Kaykhosravi M., Hajmohammadi M.S., Normandipour R., and Tajabadi M. 2016. Estimation of soil
temperature based on meteorological data using data mining methods in Arsanjan station.
International Conference on Engineering Sciences. (In Persian)

Mazidi A., and Falahzadeh F. 2011. Analysis of annual soil temperature trend in Yazd station.
Journal of Geography and Development, 9(24): 39-50. (In Persian)

Maclean S.F., and Ayres M.P. 1985. Estimation of soil temperature from climatic variables at
Barrow, Alaska, USA. Arctic & Alpine Research. 17: 425-432.

Mount H., and Hernandez L. 2001. Soil temperature and anthropogenic soils. Soil temperature study
for New York City. Staten Island. New York City. NSSC — USDA, NRCS, 16p.

Qian B., Gregoric E.G., Gameda S., Hopkins D.W., and Wang X.L. 2011. Observed soil temperature
trends associated with climate change in Canada. Journal of Geophysical Research. 116(D2): 1-16.

Sabziparvar A.A., Tabari H., and Aeini A. 2010. Estimation of mean daily soil temperature by means
of meteorological data in some selected climates of Iran. Journal of Water and Soil Science,
14(52):125-138. (In Persian)

Shamsnia S.A. 2019. Mapping of heat stress using Geographic Information Systems (Case study:
Effective thermal thresholds of Wheat in Fars Province). Quarterly of Geography (Regional
Planning), 9(1): 429-444. (In Persian)

Tretkoff E. 2011. Soil temperature trends in Canada. Journal of Geophysical Research. 90:17

Trumbore S.E., Chadwick Q.A., and Amundson R. 1996. Rapid exchange between soil carbon and
atmospheric carbon dioxide driven by temperature change. Science. 272: 393-395.

\Y#



iz slages 10 S sles SlKe il 5,91

Estimation of Soil Temperature Spatial Average at Different Depths
Using Meteorological Data in Agricultural Stations of Fars Province
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Abstract

Soil temperature is one of the important parameters in meteorological agriculture and affects many
soil biological processes. Unfortunately, due to the lack of soil temperature data in many regions of
the country, this issue has always been discussed in agricultural projects. In the present study,
practical equations were created to estimate the monthly soil temperature using the correlations
between different meteorological parameters and soil temperature in five agricultural stations in
different cities of Fars province (Shiraz, Abadeh, Darab, Zarghan, and Jahrom) at depths of 5, 10,
20, 30, 50, and 100 cm. In this regard, multivariate linear regression equations have been used.
According to the results, the following parameters affected soil temperature: in Abadeh,
meteorological variables of wind speed, rainfall, and maximum temperature; in Darab, relative
humidity, wind speed, air pressure, rainfall, maximum temperature, and minimum temperature; in
Jahrom, variables of wind speed, air pressure, maximum temperature, and minimum temperature; in
Shiraz, the variables of sunshine hours, wind speed, air pressure, rainfall, maximum temperature, and
minimum temperature and in Zarghan city, the variables of sunshine hours, wind speed, air pressure,
rainfall, maximum temperature, and minimum temperature. In general, fewer parameters are needed
in all stations to estimate soil temperature at depths of 5 and 10 cm, and the importance of
meteorological parameters and their effective role in estimating soil temperature increases with
increasing depth. Also, the effect of meteorological variables on soil temperature is not the same in
different climates. According to the coefficients related to the equations, the highest and the lowest
effect on soil temperature at different depths, are the maximum temperature and sunshine hours. With
increasing depth, regression coefficients decrease as well. In all stations, regression coefficient at
depths of 5 and 10 cm has been calculated between 0.98-0.99, and at depth of 100 cm has been
calculated between 0.87-0.92, shows decreased about 10% of this coefficient with increasing the
depth. According to the results and equations obtained for each station and different climates in Fars
Province, this equation can be used to estimate soil temperature in areas without data.

Keywords: Meteorological Parameters, Soil Temperature, Multivariate Linear Regression,
Correlation
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