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Abstract: To investigate the impact of increased greenhouse gas (GHG) concentration and land use and
land cover change (LULCC) on diurnal temperature range (DTR), several numerical experiments were
performed using the fully coupled Community Earth System Model (CESM). The results of the model
simulation show that the increased GHG concentration has led to significant decrease in DTR over mid- and
high-latitudes of the Northern Hemisphere. However, GHG-induced changes in DTR have the significant
differences in different seasons. During the warm and cold seasons, there is an opposite change character in
the North America and the Siberia Region. The reduction of annual DTR induced by the increased GHG
over mid-high-latitudes is mainly contributed by the cold season. LULCC caused a weakening of the DTR
in Eastern Asia, Southern Asia, Europe, and Eastern North America. We visualize the LULCC- and
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GHG-induced changes to the DTR in both magnitude and sign by the aid of coordinate axis. GHG plays a

more important role in changing DTR in Southern Asia and Europe and in high-latitudes of the Northern

Hemisphere. In contrast, LULCC plays a dominant role in determining changes in DTR in the mid-latitudes of

the Northern Hemisphere and Southern Asia, whether in the magnitude or value of the changes in DTR.

Key words: climate modeling, anthropogenic forcing, diurnal temperature range, land use and land cover

change (LULCC)
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b T S A AR 24 A A AR R A B — A
B T 7E AR 4 SR A3 A AU g 52 4
AR H AR AR Z 58 (IPCC,2013), {HJ&, 52k I
by AR AR AR IR AN B 4 1A AR AR H R R
Tk o AR AR DA KB AT B Bk E B H B 2% (diurnal
temperature range, DTR) W J&dE % T2 1S5, M
BT R DTR B8 058 Ul A2 AL 3R I 38 245
B (TEPLRE 20105 42 SCEURIBR 1L, 2013) .

DAE 9 WL 0 A A 400 F 58 & B 52 i) DTR 22 4k
MRRARZEZ . AN, 2 B 5 i 5 B AR H ) )
5 b TET P R T 68 S AR 3 ) ) R AR A (T SF
%5, 2004; Lewis and Karoly, 2013) M 1fij [& 1
DTR; RAKIR A B 093 s 2 § 8 DTR FEAR A
A BE S PR O S RN R, 1997 5 TERILAE , 2010) 5 it
% S 4K (greenhouse gas, GHG) 4 Jil 58 8 Jin K /<
WA A s R H SRR TS (AT
S5, 2016) , B H S AR AT A9 B ok T H B s AR
(Lewis and Karoly,2013), KEMIEHE R~ .DTR [
AR ARy — > H 2 S PR 2 H e Uk 114 496 i R 2 K
T e AR A A 0 B OFF 21K 5§, 20053 Vose et
al,2005; Wild,2009),

HAR TR, LA U4 . CMIPS £
AR, 5 R %R GHG 3230 /Y 42 3K Bl 3 - 1
DTR ZEALHH L, 5 R IR 3 ) DTR 22 LA
FfR /Iy (Lewis and Karoly,2013) , 3 H S & B % T
DTR #4952 i £E FI AT A7 76 A 8 5 M G 8% 5% FT: 4
L1997, 5 Z A L Sl AL/ HI X DTR /9 52 i
FEE ] S i A5 48 T A R EAE O &
L DTR Wi/ CHETN BH 55 2006 5 4% 18 45 . 2013 5 X1
ARAE, 20145 A AESF 2015 B 22645 ,2016) . SR
+H A /%8 % 4% {k (land use and land cover
change, LULCC) W 4E FHanf? WF 5548 H . LULCC
B3 VT 2% 12 0 2 5 DTR., 4o M T fz BER ] DA

S B B U 2> K OBH B A ROk % o DTR,
LULCC % DTR #5255 [< dol 5% %5 A5G, 7 b 45 )%
Mo X LULCC 512 DTR /N i B 3 22 H e
ARG AEED R &  DTR Wo/NEH F 22l T
AR W T R SCEI R 1L, 2013 5 R 1L
%,2015;Xu et al,2015) , WA W54 HAE R E L7
FF R X LULCC F 80 H & ik /D, i 15
DTR 3 K CEB R4 ,2016) ,

I & &1 % GHG #1 LULCC X Hi 1 < i . H
o R AR AN H B AR AR Y R VR BB R 28T 5T
IR TR Z EE K K (Cai and Kalnay, 2004
Lewis and Karoly,2013;Xu et al,2015), {H HRi7E
PEAG T % DTR A8 4k ) A8 X 57 ik O 1 i T AF 5%
s G3 b P E R DTR 52 i 78 A [6) 2% 95 47 ] 22
S IXTE LA 5 P i Rt g b X S (] AR A A
Tt — 20 VAL 43 o AR SCKE BE X B R [n] A8 S
58, UIREAS 8] — 247 3 X458 .

1 BRACRBERE

1.1 #®KANE

A SCHIE ST i PR R # 3K R 4845 2 (Com-
munity Earth System Model, CESM) (Gent et al,
2011) . CESM 55 dy O A~ 57 i 58 X 20 i o3l o2
RARGERL Bl 1B 2 A RN DR . K
Ay CAM # 2 (Community Atmosphere
ModeD) , Z3 [] 73 #E R g 2. 5° > 1. 87575 fili T 52 X%
B CLM 4. 0 £ (Community Land Model) , if; fi
ARBEE 7S 15 Fof 2 AU CR AR B A A | B 4l |k H
AR - S A0 53 28 R L g b 26 B HS AT 55 X 4
T AR K0 5 16 v 3 7 A DG A 20 i) e 9B R S X
(Parallel Ocean Program version2) Fl ¥ pK #5 =
(Community Sea Ice Code) #Ef7#i4)l, CESM 1 H
A& il A R 488 20 (Community Climate Sys-
tem Model, CCSM) , & #¢)" 12 F T #F 58 T fok R i %t
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FAER R E (He i GHG # LULCC) f9mi i (Li and
Molder,2008; Marsh et al, 2013; Xu et al, 2015),
WF5E B CESM #55 2X n] LA 45 4 i A% 480 v 445 3 0 4
b XM AU Y H A AR FEAE (Lindvall et al,
2013) . L ] CESM 848 DTR 245 3. A/f AWt
FEARLIESZ A X F T & CCSM, CESM i &k 2 93 />
DTR BP0 25 o TAT EG A o o i A 481 DTR (1 48
1k (Subin et al,2012),

1.2 RI&igit

N THEFE GHG Ml LULCC e bF 2k DTR 1
SR S 9 A R R R SRR R B T R JL
P56 U5 %2 . (1) W AEAE #% (potential land cover, B
5 NI Bl W 2ZHiE R A BRSO #2000 4E GHG
e K CLU R T FR S P2) 5 (2) 4 HiT A #% (current
land cover) fil 1850 4= GHG ¥ BF /K CLL T fa Fx Ry
C1);(3) YR #% (current land cover) il 2000 4F
GHG W EEIKF- (LA R PR C2) o JLRREEAE J7 58 1
B3 140 4, BUHT 50 4F 2y spin-up #]. H] C2 A4
J5 g2 C1ARAL 7 98 (C2 — C I C2 #4405 52 s
2 P2 J5 % (C2 — P2) 43 4l £ 7x GHG ¥ & #l
LULCC Ry5838 ;3% . B AR C2 07 o 2 Bk
0 5 A 7 3 6 O 8 R AT X B g A T R 5
GHG At LULCC 43 5] 72 47 F- 35 B2 7= (5—9 A) Al
B2 (11 HZWAE 3 A)DTR A il A X 51wk 75 .
7 E AR A X TR Z RS 250 42/ spin-up
B DLk s B S IR 25 AH X T il A 2
VR . O 2 08 3K B — A B 1 F #i IR 3
(Xu et al,2015),

1.3 HIEAH

SCE T A R K TR R BT AR A IR
2 (University of East Anglia) 5% #F 3¢ ¥ .0 (Cli-
mate Research Unit, CRU), H. i} 8] 28 %5 1901—

90°N

60

30

180 1200W 60 0 60 120°E 180

—~= ] [ I I I
-1.5-1-0.5-0.20.2 0.5 1 1.5

2009 4F (Harris et al,2014), % ] CRU [ /K % ¥},
E AR K 0~200 mm « a ' T RRIX L AR [ OK
200~500 mm + a2 B AR FE K B 500~800
mm + a HRERIE X AR K S AE 800 mm o+ a ! LA
FomiR i X, K58 B GHG % kB iR & GHG
( well-mixed greenhouse gases), H — & fb ik
(CO A (CH L — A = R/ (N, O) L U ke
(CFC-11 A1 CFC-12) #4 5L, #H X} F 1850 4., 2000
&K GHG W EKFERA B &M T, )™ %
RAEM) CO, e BE/KF-H1 1850 4E 11 2y 287 ppmv (1
ppm=10"") EF+ & 2000 4EHY % 375 ppmv, CH, ¥
K 1850 494 791 ppbv(1 ppb=10"%) k- J+
F 2000 4EHY 2y 1755 ppbv, N,O ¥ K F i 1850
AR 275 ppbv EFFE 2000 494 319 ppbv(ht-
tp: // www. cesm. ucar. edu/CMIP5/forcing_infor-
mation/) . 4 /i AH 8% & 35 7% LR JE T 2000 4
MODIS TLE GERE, 1 78 A 950k 78 22 i AE 9 988}
B Al b B N Ry T 3l 5% i BT 7% (Ramankutty and
Foley,1999; Lawrence and Chase, 2010), A%} F
TETEAE BCR OO o 22 R B IR 0 T i T R s 5O b 1D
IR B 1 pros . e ] 0, i v R S 4k
P /0N B DX 3R 2 A I b DXL R I DX DR b X
USRI, 5 bl R, b AR DX e T S %
HLFf Z 35 m

2 HE A5 R e A

2.1 BESEMLTHAB/ BETUTEHRENZ
]

A SCER 4B GHG (C2—C1) F1 LULCC(C2 —
P2) X 4E 73 DTR By 520 25 5% . 3P4k T DTR 7
M2 (5—9 AOANAZ (11 H BEIRAE 3 ADAEtk . A
El2am] B, % F 4R F ¥ DTRIM & . GHGHE In 5 34
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Fig.1 Changes in annual leaf area index (a) and surface albedo (b) between experiments

with potential and current vegetation
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K2 GHG(C2—Cl; a, ¢, e Ml LULCC(C2—P2; b, dy DXHEFEH (2, b) BEFG—9 A ¢, D
A (11 A BWAE 3 A e DEBAEFH DTR B0 CRAL: C)
CiH 2R A 3R 7R 28 LB A 0. 05 1 3 MK A )
Fig. 2 GHG-induced (C2—C1; a, c, e) and LULCC-induced (C2—P2; b, d, {) changes in DTR (unit; C)

in annual (a, b), warm (May— September; c, d) and cold seasons (November— March; e, )

(Areas with slashes are where GHG and LULCC-induced changes have passed the significance test at 0. 05 level)

Je2l sk o e Ak o X DTR 2 B A%, 1 78 b
LU X T2 DTR . XA 458 Fl (Lindvall
et al,2013) AL, HAEFS 1T =AY 4% DTR 7E B2 7=
¥ R I 3R B RS A [ T 3 A A AR 1) AR 5 o A 2
P . I 2¢ F1 2e ATLAE H, fEBE 2, DTR #£
1R 26 B R O ARG o 3 FLAE b SE M X R Bk B
EWEIN WAV BRAR B 22 B 2 Ah bk ER b A
JE b DX (A 55 R0 AR b RK X 38k /N i s 1°C L ED AN
JEAEHL X (0. 2~0. 6 C) R B R 1 25 K AR 19 R 1E .
25 Enl . GHG B4 hn S Sorb & 4 B 47 2 DTR 1
PR F 2R e S 8. fkEH LULCC
XA 45 DTR 520 (] 2b) 7 46 55 Hi X A | Ik
Y 7R S0 e I XA P 2 DTR 25 50 98/ i
ik ® 1C L . 5 GHG ) 3 w4 [6] 1 .
LULCC X} F4EF- 1 DTR 5 i 1E F 16 18 2= fis 2
22 34/ (B 2d Fi 26) . B4 . GHG il LULCC
X DTR 52 B ] 4 e o S 8 58 3% A [m] A 1 3k
— 53T

2.2 HEREZUREALSH

B GHG $3 DTR 22 4b iy JE A A4
W AR M B R IR T W (B 3a A 3b) s T Al
T i BB 52 52 257 18 1001 1HLFE B KL AR R P A

s DA B AL AR 1K, H 5 AR A il B 38 i i B2 R T H A
BRI R F R X DTR Wb i R . T
FEWE 25 A5 00 AR 2 o b 55 Hin DX 3 L AR BR DA B P AT
FINE o H e e A0 09 3 i B R T H S AR (& 3¢
F3d) ., R AE 8 78 . DTR AE i 26 B2 52 LA i
F,DTR fEJb M X R IR B34 (&l 20, A%
Z, AT LIS R B AR BR AR B 22 8 R LA SR Y b
BiorbE 4 B b X AN G AR X, H S %A TR A 5 iR
B E KT H B R (A 3e A1 3D, X ELAER
o 2B B L X RN L AR s X DTR 768 2 B 2% R

LULCC M DTR f#L# F1 GHG KA A,
L4 ] DLE W Toie R AT B R R 2 H e <
T8 AE 9 TR 23350 L I L AR IV R ALY X 2 e = kD
4 5 T H SR (IR AR AE B X3 o e . %
P14 5 e = T R e K A e A 28 R A A8 Ak SRR AE  {H 7
KRN b 5 1l DX A AL AS 8 2 (& 4e 4D, LULCC
5 B 1T 2 R SR o R v RRE B0 H g R
T AR AL B ML e T« 4 3 25 R B AR AR )5 L bS58 K
YIS0 DX T R IR B R (] 1b) X
KoL R 05 5 B 1) S S A T 3 K e T WO e ) oK I
SEPUR/D o DT 3 S80I B2 A AT o PRI bt e T Sz R 3R 3 o
SO BE RG2S SR B R RO AR A S A X
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(@) Ty, C2—C1 annual (b) T, C2—C1
80° N 80° N1 e
40 0 1
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3 GHG(C2—CDRAEFH (a, b) [ BEF(c. DAL FE (e, DHEMAH(as ¢ ) F
H AR by dy DEYEE I LA, C)
CE R A 7R AR f T T 0. 05 1 3 MK R 35D
Fig. 3 GHG-induced (C2—C1) changes in T,.«(a, c, € and T, (unit; C) in annual (a, b),

warm (May— September; ¢, d) and cold seasons (November— March; e, D)

(Areas with slashes are where GHG-induced changes have passed the significance test at 0. 05 level)
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Fig. 4 Same as Fig. 3, but for LULCC-induced (C2—P2)
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W AE 855 TS BOR FE T . (B2, i AR 4k
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KM REEAE R . PR, SOk U H e AR R RIS
M, 4 SCEI IR HE 1L (2013) 8 3iF 52, LULCC §:3%
iy % S IR SR Jin A 1 AR B0 D L AR BARER L o

T AR BT R 1) 28 HIOR A TR T 7E Hh o 46
THT 2 JE R 5 R A e T A R L H e R TR L R
M IX T S DXL BRI K il % 2 I i X 2 2D Y
MEAT B 5 M X R B A B 3 (0. 01°CH . 7R
T 10 P L 3% s DX i AR A0/ B 2 A 2
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(Emg) . A4, LULCC S 301k 8] #i 26 #4
T 5 Ik ph HE TS 1) T K X T B0 BE T
EHA IR (Xu et al,2015),

2.3 BESEKMLMAA/BESTHHEXTEE
A

A AR ST RS GHG fit LULCC % F DTR
8RR XS BT R I K 22 AR T 5 TR A 45t X
B A 45 SR L 33 Xk T U M B g 7 A R G 5T kAT
EAEB . FIL. 8 T IE % MM GHG Al
LULCC (¥ AHX 57 iR A A o 45 SCBR 45t & 19 X L
GERZ AN AN T —FoR R B L H R Y
W77 S HEAT FAE A SO LULCC %380 DTR 28 4k
EAE RSN X /& (AR AR % GHG $30
) DTR AL EHAE A R B Y 405 CH B b
Canl&l 5 Jrm) o Qi 3k b F A8 5 — 2 BR, T 3% B
FATF DTR #8009 7E s i Sk 258 — %
FE LN ER W GHG M fE F 2 DTR 35, ifif LULCC
e &M DTR >, ¥ @dk #£/R7E DTR 1
AL LULCC RS2 7 32 38 J 5 1 21 68 7 Sk )
FR1E DTR 2484k GHG (9 4E T 5 3= S .
XFE Ll AE S AL B A9 1 67 2F -5 AR /N B TR
X} GHG il LULCC [ AHX 5Tk AE FH 2R 4T 42 1 P Al

M 5 A LE L 7E 60°N LG ) 25 26 i Hb X,
TCVETEMEAS 25797, e Bl 2 47 7 ¥ five 2= 1 DTR 742
fb . #8H GHG &2 £ 3EH, IF H LULCC S 4 %) 5%
(H A DTHRYE T o R A2 ) KA v 26 B2 b IX.
(30°~60°N) , i 47 B . H X F1 o g 2F 5, LULCC
BERENFFER EAY N FH DTR AL,
FRlJE g 2 (& 5b) . 1] LLE Y BR 76 i 58 K i
B2t B2 4h, AR By LULCC B2 & FEH. X
T LULCC fl GHG ¥y & 2 75 46 iy DX 3 18] ook &
KRR AR DTR filE 2= DTR [ A8 {6 B A |y
LULCC £&8. MR Z . DTR 72k E% i GHG
F T TR AR ER AR BRI AR X

PR WX 48 (20° ~45°N . 105°~125°E) \ {5 T
Xk (10°~25°N,70°~ 90°E) , K ¥ X 5§ (40° ~
55°N,0° ~ 50" E) . db & X 4 (30° ~ 50° N, 75° ~
100°W) L L Ko b2 3k (0°~90°N,180°W ~ 180°E) ik
A7 X 1 53 A o el R AT BE — 2B A5 L 2R O AR

annual
80° N+
40
180 1200W 60 0 60 1200E 180
5
(b) warm season
80°N7
40
EQ - . : :
180 60 1200E 180
5
cold season
80° N+ S
40
EQ

180 120°W 60 0 6‘0*)12‘0“12 180
5 GHG i1l LULCC %} DTR #4520 (Bfsi . C)
(D ZEFH, (DEZE. (OB ZE
L5 Hi sk Fn e DTR 19254k H , LULCC 15 1R
A PR AL (0 8 Sk M R R 2 DTR Y2546,
GHG #1532 07 [ P {4 il LULCC Fn/ sk
GHG 33078 16k 1 25 X IR 5 3k G2 0. 05 3%
PRI EE) , I 7 3k LULCC 1 GHG ¥ 53
AL X GE A 0. 05 B E M KKK ]
Changes of the DTR in response to LULCC

and increased GHG concentrations (unit; C)

Fig. 5

(a) annual mean, (b) warm season, (c¢) cold season
[Blue (red) arrows denote the LULCC-induced change is
larger (smaller) than GHG-induced change in the DTR,

vectors are shown in the areas where LULCC-induced
or/and GHG-induced changes have passed the significance
test at 0. 05 level, and the thicker vectors are shown only

in the areas where LULCC-induced and GHG-induced

changes have passed the significance test at 0. 05 level]

R1 EFHBEFMALZFEDIRWEL(HM.C)

Table 1 Changes of DTR in annual mean, warm season, and cold season
T e S S A R
LULCC GHG LULCC GHG LULCC GHG LULCC GHG LULCC GHG
EFHDTR - —0.83  —o0.11 —1.3  —0.09 —0.79 0.02 —0.61 0.01 —0.16  —0.24
% DTR  —0.82  —0.05 —0.67  —0.04 —1.21 0.12 —0.81 0.24 —0.21  —o0.01
% Z DTR —0. 86 —0.16 —1.84 —0.06 —0.36 —0.06 —0.38 —0.18 —0.20 —0.13

e FRIRFRIZ A 0. 05 83 MK A5

Note: The underlined number indicates that the difference has passed the significance test at 0. 05 level.



5% 12

AR 45 G BROR 3 AR R 3 AT/ B 55 8 A 0 b TR H AR R e 1459

M X, T I AR P L R R Y =) DTR A2
fb. GHG #ii LULCC #f{#i 13 DTR [& ik, {H 3
LULCC (54 7T 3 A4E . 1 A6 BRI A1k 55 X 3,
LULCC W /48 7 FAERDIEMHS DTR B %W,
A GHG Wy 520 L 3852 2% 4 FAE 3 DTR i &
GHG myfE AR /I A 23 Sy 2 2= Mve 220k B . GHG
TEBEZ(E DTR ¥ /42 2l DTR /b, %4
IR S A HIE S DTR 320,

JefER 10°~60°N & ER A M 3 ZF A X
WoR EEW AT S K., AR 1901—
2009 ZAEF-1) CRU FEK B RL, 4% [ K B 23 A1 % A
ER 10°~60°N J) 43St X, #8F DTR TE G X 3 1)
AACFRAE . T LLE TR R BRTE T Rk TR XA
2 4, LULCC #2 3 W B A% DTR, i GHG
JZE 400~1100 mm XA DTR B0, £ AR 2246 AT)
SR A AEBUE E 5 LULCC W 1E A L
(K 6a), TEXRZE, BT 1200~1500 mm X1 ,GHG
fff DTR & 2 FAIG; i LULCC ) & 2 B AIRBR T 58
TRXZANX 5 DTRE 6b)

3 gEwRiTie
AR il CESM # 3, 4+ T GHG #l

LULCC ¥fJt2f-Ek DTR 8952 W Sz AH %) STk /6 /1 . 15
B LT 458

DTRAE{L/C
s
38
\

—C2 - P2
—0.6 c2 - cl
08— T
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S O O O O O O o o o o o o o
— NN N O~ 0N —~ AN N
??ZZZJ((ZT ~~~~~
coocoocooco o oo vttt
S OO0 o oo oo Qoo o oo
—TaeseFTrArTExnSoSs3S 33
NS —~ AN " =
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sk & /mm - a!

(1) GHG 33 H f5c & AR A H e IR0 2 7
s B4 8 8% DTR (1 7428 £k 35k B ke F fie e /< i F e
AR EWET SR E £, GHG 5/ DTR 48
AR B ZE 1y 25 5 AE R T FNYe 2, L 36 b X
VG A1) 0 1 X 522 0 o AH B i A2 AR R AE . GHG Xt F
H O 2 B M X A2 DTR MR /EF 2B 2 h %
ZE TRk 11 LULCC X F DTR 52 M £ F i 22797 22
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Fig. 6 Changes in DTR in response to LULCC (C2—P2) and increased GHG (C2—C1)
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(Open circles indicate changes that have passed the significance test at 0. 05 level)
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