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Characteristics of Ground Temperature Variation in the Northern Suburb of Nanjing
HUANG Ming-yang, LI Yuan, YONG Jia et al
gy, Nanjing, Jiangsu 210044 )

Abstract By using ground temperature data of each layer(0, 5, 10, 15, 20, 40, 80, 160, 320 cm) in 2010 observed by Nanjing University of

Information Science and Technology located in northern suburb, the variation characteristics of ground temperature were analyzed by statistical a-

(College of Atmospheric Physics, Nanjing University of Information Science and Technolo-

nalysis method, the variation of ground temperature with time and depth in Pukou Region, Nanjing City was revealed. The results showed that,
there were obvious seasonal and diurnal variations of surface temperature and shallow ground temperature in northern suburb of Nanjing, the
change trend was similar to the sine curve. From land surface to 20 ¢cm depth, the daily change of ground temperature decreased gradually; from
40 -320 cm, the daily variation of ground temperature was not obvious. In vertical direction, the diurnal variation of ground temperature in each

layer decreased with the increase of depth, the appearance of peaks gradually delayed with depth increasing.

Key words Ground temperature; Change characteristics; Differential evolution algorithm; Vertical structure

i I B SR B R R B 2 A SRR
WU 32 R PR ST R SAEER K S5 B A, SRR AT
RERO2CHe, JE AL T MR 1) B A (L A5 s fe ™ L BF
FE TR S AR A B T4 % X R b A P R AR A B
S, TRIR, Bl A 0 1 Pt 2 5 R S s A T A
Tz P, 0 IR A 1 B A SR KA M R
SRR

RIA X b 36 8 HE AT T K 8 0F 5%, OF B — 5 19 R
SRE 1 Zhang 255 ST 20 {22 gk IR E L B, +
R B X R A S 20 P W 37 3o P 2 o S A A £ 7 2 TR
B, S aE s FIH] 1951—1980 4EFk [ 672 %
it 25,40 180 cm 4F 2 SRR FERCHE , LA 90 RE N AR A
T XY S0 em R AYAEY T EE DR , I T
THERG AN FOR, AT R SRR R T (&4
FE EFIR ) BORE G 2R, BT £t U 7 BT B AT TR
W, FIRT, 06T HuE B BIF 28 Bk i 22, (5L o i 53¢ s X F
FRAERZL . EHFH E TG REEA R TRM I (B 50)
UL £ M IEL PR , SR F G40 7 12 06 T 5 R0 b £ 2
PCHHAEREAT 1200, 39 7% B T IR 11 3t X b 9 5 0 i) %
7S A0 2R, SR 10l X A TR A B Al 5 A
PILE T HEIEMEREI T & ORISR S
1 #R5HE

Hh SRR A R I 1T 52 > 5 FRTPR WL 32 3 ) £

HETH &wFLIBRPRFAE LRIV % %R\ (201510
300224) ,

EEBN ®AM1994—), %, b WA, AHAE, F L. RAHFXA
AR

I B BMHATRREAEIRRXFRAHEFRIRSLITi L0
ZIF 48 F AR B,

K EE 2016 -11 -09

TR R H X AR 50 (5 S TR A Ut ALE A, o 3
1.3 73 m® L7y K HL R BRI A5 B SR o 15 Al
FiZmsG 2010 45 1 H 1 H—I12 F 31 H&%E R 0.5.10.15,
20,4080, 160,320 cm /N IF 0 45 1 b 3R (. EiHl b A
147 YL S (BRI KA B BRI BT A1), AT S B i
WKk 8 613 IR,

ZWFFE A 22 13k 38 ( Differential Evolution ) #2010
AEHIR BT

y=u+ Ej!:]ajsin(bjx+cj) (1)
A,y ME—ZHIRAE (C) 500 IR Ch) su S 3 8 R
a; b, I e, 53 RFIIR Lo AR I A3 5 AR AL, Horb il
B b, AR IR AEIL R T, = 176, Fe4lA RIERE I, n]
TG I S LRt L MAOC R B (B L) o J kR
TR BB R A B BT = 1, AGHAT 1AM
IR s I T =2, W [R) I 64T 2 AME B B 70 BT o
2 BRE5ZWH
2.1 MIBMZETEUSME SMARE(E L), FREZH
TRIA AR i A4k, R R W 5 T AR, Bk
Sy EIH(ECR ) B, X R E T IRE A TR R, K
FRARST4 KR5S KR, SRR 2 A8 1k, A TR
B, bR A 2 AR B WV, 2R IR MR 52 b K 5 )
Wi/ . 0 ~80 cm My ,2 H oy K o 9 B A7 2 B Y
TEGE JLR W ARAR DI, A2 A B2 550/, VA B e i H 284k
X TR Z = RAE N ;6—7 HAFTE By “v”
RUIX, (M R T TR A TV WA B 22 == % 22 B W R AU ]
SUAWAL, H AW %%:9 AW — B i s X,
I R BT AL T B R KA, Z ST R, il A a3
Wk T B



45 53 4

FHAME BRI T 223

0 cm #i
0 cm ground

temperature /| C

5 cm HE
5 cm ground

temperature /| C

-3 1 2 3 4 5 6 7 8 9
A4 Month

10 11 12

40

30

20

40 cm iR
40 cm ground
temperature /| C

10

1 2 3 4 5 6 7 8 9
A4 Month

10 11 12

160 cm i
160 cm ground

temperature /| C

9 10 1 12

1 2 3 4 5 6 7 8
A4 Month

A4 Month

47
37
27
17

10 cm i
10 cm ground
temperature J| C

SU1 2 3 4 5 6 7 8 9
A4 Month

10 11 12

30

20

80 cm HiE
80 cm ground
temperature /| C

10

1 2 3 4 5 6 7 8 9
A4 Month

10 11 12

320 cm iR
320 cm ground
temperature Ji C

1 2 3 4 5 6 7 8 9
A4 Month

10 11 12

E1 2010 £ERAFIBR EEiEATH

Fig.1 Monthly variation of ground temperature in each layer in northern suburbs in Nanjing in 2010

2.2 HURAIBIAFAE R 2 AT b R H AR AR
JEIRR AR T H S (bR /N B b 4T (0.5
10,15 em) AHBIEA W H 2SR, 1 K HA 1 ANME(E AT A4
Z3H ;T 20,40 .80.160.320 cm iR H AL AN R, HbFE
) HiL 3 A5 Ak — R 7E 12:00—13 .00 3k B W5, bl % + 300K
JEE PRI, 5 1) 06 L ) Bof T 0 32 407 B, LA IRF R )
P b SR BT ) R P 3 3K 00RO (AN A s TR AR Ti] 33X
JERT—RKH KRS S EO IR B Z A, B
FME B ARV B feK 34 16. 85 °C 3 &b R I H ARk
MR fe /N, R 10,13 °C,
2.3 HRMEESNHT AR I TEH,J=10f,a:sin(bx+
¢y ) WP 2T AR AR, 2R AR Ak SR A SR AR FE I, N2 365 d,
1M J2: 360 ~375 d, 33X A REE FH T 58 (U 2010 47554 ) b
MG . J =2 B, 7E a;sin(byx + ¢, ) BYFERT B IMATT
aysin(byx +¢,) KN HAEfb . H BRI R 24 h, ik 5530
—H

MHBRFINRZAHDC R B r, R, ARG, B A1
285 50 B il 2 A AR B, T LA 2 M L A7 2R AR ALY
Wi, I HL AR T2 2 5 H AR L sl Al R 25 i R R A/, )

W)= MR AR IR AR XA, i BT H AR fE 2,0 cm b
AU 25 SEBR 2R AR OC SR 500 i s, BER 1= B 28
AR5 O cem b 0 U5 ROR AR G, 3¢ W1 M 2 1 28 Bl AT 2= 19 A8
b, A —ER HARALRE . J =2 BFAHDC R B J =1
AU R, M — LA B b, T =3 0, BI7E
a,;sin(b,x +c¢,) +a,sin(b,x +c,) IR FL,IMAT aysin(byx
+ey) PRI AFTESS 3 i E S 1 722 Ak AL 52 ) b T A2 Ak
IF, AN BEAS B — DA E R b, , RN ry 3R R AR, BT LA
WFERIN J =3 BFALA S5 R . i T, g s JE X8 b i
F I 2 PR TT 2 el ARy 2= 1 AR AR H ARk
REE <10 cm I, b IR A B (5 S W 00 215 A8 1
HAME . TiBE A TR BE A 350, AH G R EE (ry — 1)) TETBUNN,
aysin(byx + ¢, ) WM 15 i IR i 9005 it 26 5 S Bt 42 119
ARRLBEA i s, AR BT BEAE TR B B AN, a4y sin (byx + ¢, ) T
Y SHELEN S, MU A H S A FEAE DN, TETREE =15 em
J&  RIE I T HETFARE ATt — A [T AR, T LATERR 1
FANHEZI S . AL 2 FTLAEE HY 15 R0 20 em (IR A H 22 1k
N HI T =2 MELIAS BIBASE R b, ,ry WA, X
AIRESE T 15 F120 em iR B ASfLRR EE X 2 1 AR fL



224

BAR AL F

2017 &£

JESA A /I, P IR A A e s LA Z= 1 AR Al R X )
Ko N TUEMTX—FEAR P E T 145 R il AL
TAACTEE RIS L, G5 R A BL (K 2) , & R iR i H R 22
AR 22 2 LU BEE TR EE A HE g drsi/ I, B 1S F120 em H i H

—-—0cmn —+5cm -+10cm
——40cm =80 cm ——160 cm
4]
E
2
o &
E
3
S 5
00: 00 05: 00 10: 00 15: 00 20: 00
B8] Time
35

BN
Ground temperature J| C

00: 00

05: 00 10: 00

B8] Time

15: 00 20: 00

AR ST FREAR R T A AR A AN, S EA R
th Xt H AR R ME SR T T LI BF R PLG R Hh AT U
A 15 em LU IR B 284k

=15 cm -=20 cm
—— 320 cm
O 45
®
=
" 35
E-I e
8 ks Z A W AR
5= S S S S S S S —
3 PP,
S 15
00: 00 05: 00 10: 00 15:00 20: 00
B8] Time
o 18
E d
. g 12 —— —/\ ——t
B =
8
8 6% ' ’ . g
T ] 2
3 :
00: 00 05: 00 10: 00 15:00 20: 00
B8] Time

2 2010 FERALBESE(a) EE(b) MFE()MEE(A)MERATN
Fig.2 Daily variation of ground temperature in spring(a), summer(b), autumn(c) and winter(d) in northern suburbs in Nanjing in 2010
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Table 1 Fitting results of first and second harmonic data in each depth in northern suburbs in Nanjing during Jan. — Dec. 2010
TREE u+asin(bx+c) u+asin(bx+c,) +a,sin(bx+c,)
Depth // cm b, T, //d r b, T,//d 7, //h r
0 0.002 750 363.7 0.80 0.002 750 1.000 065 363.6 24 0.90
5 0.002 775 360.3 0.90 0.002 777 1.000 069 360.2 24 0.94
10 0.002 760 362.3 0.94 0.002 762 1.000 088 362.1 24 0.95
15 0.002 747 364.0 0.96 - B B -
20 0.002 772 360.8 0.97 - - - -
40 0.002 699 370.5 0.99 - - - -
80 0.002 677 373.6 0.99 - - - -
160 0.002 667 374.9 1.00 - - - -
320 0.002 674 374.0 1.00 - - - -

CE: T, AT, A HSASASANT, r A0 r, UG HEE5 SEPR I 2R A RS R 5

Note: T, and T, are curve change cycle, r, and r, are correlation coefficients of fitting curve and actual curve

®2 2010 FERILPHIBIL

Table 2 Change of ground temperature in northern suburb of Nanjing

in 2010

IR AERE HK 22

Soil depth//cm Annual range // °C Diurnal range // °C
0 68.7 17.9

5 52.5 11.0

10 4.0 6.4

15 39.6 3.9

20 36.1 2.5

2.4 MUREVEELEM K 2 AT LIE Y BEE R R RN,
ANTRIR E A S A TR AR 0 f HE B A I ()7 S R o K
2010 4F 1 H 2 H A Bl 0 (D) #EA T LA SR AR B (36
3) AN SEBRI A JE AP AR, MR G (L B A ) B
TREE 34 TIN5 B8 5 AR RLAEAZ /DN, X8 07 A T 2 e o
Ja% . TR, SEIMAE VA 55 A =2 22 (RIR AR 22 ) TR P 3

Tt e ek, 2 I M I 52 R BH 68 55 7 A 1) 8 T ek JRE A ik
N WIS AR AT LU OGS B e B g i , ih T 4
RS2 3 O B 6 2 2 A ) PR35 W A ek /S, IE 5%08 B 08
P,
%3 2000 £1 A2 AERIHHBRERES
Table 3 Vertical structure of soil temperature in northern suburbs in
Nanjing on Jan. 2, 2010

S (e PEEER
_Actual measured value Fitting results
37N
Sol de- g wpgpem (P g i
pth// em Amplitude  Peaks E.Xtremum Peaks Initial r
C position dlffe;éence position phase
0 15.7 13:30 17.9 14:00 3.24379 0.93
5 11.4 15:00 11.0 16:00 3.064 95 0.95
10 8.6 16:00 6.4 17:00 2.768 52 0.97
15 7.3 17:30 3.9 19:00 2.57178 0.98
20 6.7 20:00 2.5 21:00 2.533 63 0.97
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