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Abstract:

Climate feedbacks of human activities of water utilization and their impacts on the
terrestrial water cycle over China. Human activities of water utilization including
water transfer for irrigation, crop planting and harvesting, development and utilization
of water resources, causing changes in the spatial and temporal distributions of soil
moisture, groundwater level, surface evapotranspiration, surface albedo, as well as
changes in water and energy exchanges between the land surface and the atmosphere, will
have an important feedback on the climate, and significantly alter the terrestrial water
cycle. This project intends to construct a large scale land hydrological process model
and a regional climate model over China, considering anthropogenic water withdrawal and
consumption, irrigation and crop planting, groundwater lateral flow, and quantitatively
assess how the utilization of water for human activities can affect the regional climate
and the terrestrial water cycle under the closely coupled system among atmosphere, soil
moisture, surface water and groundwater with the effects of water utilization, and
explore the mechanism simultaneously. Also the project will distinguish the impact of
human activities and climate change on China' s terrestrial water cycle, estimate the
future characteristics and changes of China’s terrestrial water cycle, and assess water
shortage in China under the water consumption and future climate scenarios. This is
cutting—edge scientific issues and urgently needed by our country. The project is of
significance in science and application for strengthening the understanding of climate
change and the water cycle, and improving the hydro—meteorological simulations and
projections using earth system models. This project will also provide a scientific basis
for adaption to climate change and management of sustainable development of water
resources.

XgE (ASSHIF) « Ml BESHl, B KO8R AR

Keywords (separated by;): Parameterization of land surface process;
Exchanges between land surface and atmosphere; Water cycle; Regional

climate model:
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SN S L o WA A o T I R AR SCCAS-LSM, - Dy PP AN HR AT /KT shonf Bk i K I A L R 2 . T
fliARRATERAR AT 5 vb [ B AR JEPRFAE S ARA L I /KRE L 55 90 T AR S 8 M T 7K B A%
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Abstract (Brief description of research background, main methods,
contributions, and research data):

Human water use activities such as water diversion irrigation and groundwater
exploitation and utilization cause changes in the spatiotemporal distribution of soil
moisture, groundwater level, surface evapotranspiration, and surface albedo, as well as
changes in water and energy exchange between land and atmosphere, which have important
feedback on climate and significantly affect land water cycle processes. This project
focuses on the development and application of land surface process models and climate
system models that consider various processes and human activities in the Chinese
region. From the perspective of a complete coupled system of atmospheric, soil water,
surface water, and groundwater interactions, it studies and quantitatively evaluates the
climate feedback of human water use activities and their impact on land water cycle
processes, and explores their mechanisms. The main achievements since the implementation
of the project include: (1) constructing a land surface process model CAS-LSM that takes
into account human water intake activities, lateral groundwater flow, dynamic changes in
soil freeze—thaw interfaces, nitrogen transport in rivers, and the impact of urban
planning implementation; (2) The coupling of land surface process model CAS-LSM and
climate system model CAS-FGOALS—g3 has been achieved, thus developing a climate system
model that considers human water use activities and lateral groundwater flow. The impact
of human water use activities and lateral groundwater flow on land water cycle and
climate has been studied and revealed; (3) We constructed a dataset of human water use
in future scenarios and studied and revealed the impact of human water use activities on
land water cycle and climate in different future scenarios; (4) Revealed the impact of
climate change and human disturbance on river temperature and nitrogen transport,
quantified the contribution of different environmental factors to changes in river
nitrogen transport; (5) The spatiotemporal variation characteristics of soil freeze—thaw
interface under the background of climate warming were elucidated, and the impact and
mechanism of urban planning implementation on urban regional climate were revealed. The
developed land surface process model CAS-LSM provides an important land surface process
model simulation platform for evaluating the impact of human water intake activities on
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land water cycle processes, estimating the characteristics and changes of land water
cycle in China under the background of future global changes, implementing effects of
water diversion irrigation and urban planning, and monitoring river water environment.
The climate system model developed considers the impact of human water use activities
and lateral groundwater flow, providing a climate system model platform for evaluating
the impact of human water use activities on land water cycle and climate

X (S0 o R R, RS K RERIEIAACHL;
ARG ASRAKE3)

Keywords (separated by;): Land Surface Model; Exchanges between Land
Surface and Atmosphere; Water and Energy Exchanges; Climate System Model:

Human Water Use Activites and Impacts
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1) 192 TEEAXRNAKER. TR, HIEFRREHESE
. AREE, HHHLISEERmRIFEEEEE CAS-LSM;

HOTEAE FH T R A0 v 32 30 SR R KA, B AT R AR X 1) 35K 4y
SRR, A RS S VIR ORI N SRR ZKIE Bl 5 AR R K 3 RN
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ZHHHAE TR, PR T HEABHAKES) . HF KM L geRm S
AN AR 3T RIS A B R R TS AR CAS-LSM, ZEE 1.
XL R R R A R E R B ER R Gi# a JAMES, JGR-Atmosphere, JGR-
Ocean 4% %5 The Chinese Academy of Sciences Climate and Earth System Models
(CAS-FGOALS and CAS-ESM) and Applications(Xie et al., JAMES, 2020; Li et al.,
JAMES, 2021; Wang et al., JAMES, 2020). #%Z51b 7 ZUWF -
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A
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https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2169-8996.CASFGOALSESM1
https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2169-8996.CASFGOALSESM1
https://agupubs.onlinelibrary.wiley.com/journal/19422466
https://agupubs.onlinelibrary.wiley.com/journal/19422466
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e 8 AT M R A KBRS e, 5 B U = 4R RSP R K R TR, T
SRR 5 L 8 > DA% FR 00 [ a7 30 o s P T SR AR 0 e A 7K 348 i T T A
BTSN 7KK AL AN S /K Z K i, 3 17 5 M H At ol A 257K SCAR & (Wang
et al., JGR-Atmosphere, 2020), . 3.

Quasi-3d groundwater
Vs lateral flow scheme

Surface fﬁ f

Water table
M A

Y~

VA A RN S
‘Datum plane,~ |~
‘ AR A A

B 3 ol =4 F KM T

(c)iTiR AL ST

CAS-LSM T fIC A A (River Routine Model, RTM)¥ 4737 M Fili i izt 3]
WPEBUA LRI, RTM SR 27K BE 7 S8 7K ANEEAS A% BT IR 7K A i 3 T
W AHAR I Wb BT o (EICTRMESL A FERE b, K Bl T AR -5 HE A - B A R AR
SRS PR N RTM BEAY, 25 FRIRTIAE AR U A B A0 DL K b T 20 LA
WSCRI TR i 46 T R Jl i 5 2k, R 3 1 VRT L U % 5 7 (Wang et al., JAMEES,
2020):

dth = Fyuin —Fuou + RUnoffy + Leaching,, + Pollution, + Deposition, —Loss,  (2)

e 85 5 T 2R 7R A% B Ak BB IS TR AR AR IR S (kg 5715 Fy i 8075 IR 8] P JA)

LA A 1) 224 T PR A ) v N i = (kg s 7)) Runoﬁ’N?‘%/ﬁifﬁﬁﬂL [E] A XX 5 T AR
ROURBEHLR =3 A R R &2 (kg sT); LeachingNﬁﬁﬁﬁ%Eﬁi@?ﬁﬁﬁiE"J
MIE T (kg s); DepositionyZR 7~ BITE B EIE NIRRT R (kg s1); Pollutiony 37
FURTS YRR E B NI IE (kg sTY)s  LossyACR B AL et #2 H B T 7K A
U A 2 IR E R B AR @ E (kg s ), LA 4.
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Soil column —

First layer
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JGR-Atmosphere, JGR-Ocean B & %% The Chinese Academy of Sciences Climate
and Earth System Models (CAS-FGOALS and CAS-ESM) and Applications(Xie et al.,
JAMES, 2021; Wang et al., JGR-Atmosphere, 2020).


https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2169-8996.CASFGOALSESM1
https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)2169-8996.CASFGOALSESM1
https://agupubs.onlinelibrary.wiley.com/journal/19422466
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Quasi-3d groundwater
¥4 lateral flow scheme
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P A FE SRR A ™ B R X R /KR R B 4 m DAL, Bl b K i 5 52 3™ E Y
Wi o 3 KA i R R oK BT 24 em/m2. FEARE . T K AL K, H
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MEFNIE T A S 7K o T R A X 8y Bl AR B K B s I B AR o = 2Tl T
Adbm. e AXE. REWAERENINEEEE 32 2K FEBRAKRAE
(Wang et al., JH, 2020), LK 8.

Groundwater table depth m Terrestrial water storage cm
43°N
42°N H 24
18
41°N A 12
40°N 4 6
= (o]
39°N &
38°N -12
o 18
37°N A 24
36°N T T T T T T T T T T
114°E  116°E 118°E 120°E 114°E  116°E 118°E 120°E
2cm soil moisture  10? m® m™® 100cm soil moisture 10 m® m™?
43°N
42°N 5
4.8
41°N A 3.6
40°N 24
(o]
39°N A 2.4
38°N - -3.6
. -4.8
37°N A 6
36°N T ¥ f T T T 36°N T f T T T
114°E  116°E 118°E 120°E 114°E1 116°E 118°E 120°E
Runoff mm yr

43°N
42°N 32
24
41°N - 12
40°N 6
- (o]
39°N 4 4 6
38°N -12
. -24
37°N a2

36°N

B 8 Hh N /KIFE SIS K ()M F/AKAEE . (D)l /KE. ()2 cm 13K, (d)
100 cm H3E/K 5 Fl(e) R IR H AR I 2 18] 40 A o (B 5 s 2@ Tt K3
95% BEf5/KF.

() SUEZALFIA XBUK AR ik o #E B R Rk

NFEEUK KB DTk B R A e AR ARdb P R R 25 [ . AZRIUK K
X3 2 I R b R S B (TR, mik-62.39 %, THIR, 77.74 %),
ENFEALER(THE, Eik-13.56 %; JEIE, 72.1%), VAR SEE T8, -57.42 %,
T, 38.51%). AZRHUKH AKX R E LR E K oTikan R A0 PR (P,
1512 %; JHiE, -18.16 %), ENFEILEB(T R, 56.54 %; JHIE, 2.07%), LAAFEE
(T4, 23.8%: IR, -20%). AZRIUKHZKAT DA I = L3 i) &k &, A
17175 O A R X K 0. g5 BRI, AR KO L3I i 3 )
DURREE K, SRS R X LA N RBUK AKX 22 . [R5 7+
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B R a S, M X SR M AN SRBUK B /K &3 R T BRI, Rl e N RBUK
75 [ X (Wang et al., ESD, 2019), LK 9.

GW extraction contribution (%)
90° N !

Eeo
60° N —| ¢

30°N —

30°S

60°S T T T T T T T T T T T

180 150°W  120°W  90°'W 60°W 30°'W 0° 30°E 60°E 90°E 120°E 150°E 180°
-90 -70 -50 -30 lU 0 10 70 90

GWext action contribution (%)
1 1 i 1

T T T
180 150°W  120°W  90°W  60°W  30°W 0 30°E 60°E 90°E  120°E  150°E 180

---l:‘-

-30 -10 0 10 30 50 70 90

B9 K 7J<?F§T6Xi(a)f@i§$ﬂ(b)Yéﬁ}%'ii%%ﬂ(ﬁj\%% (AT DT R (%) o

(d)ZK XSRSt TR MR R

T KA AT 5k T A it T K HRIR B0 3 R AR S o B SE AR A AN R S P 2R R
R KA ETE T4 1-5 2K, T BRI R A R R ER 70 L X, 722 &b T 7K
MRS, 3 KSR AN AR B AR o T 7K AR M A KR 2 b~ 3R
ALK, HEnl et . X FER BT+ R X2 A B D, T
KA [ B B R o £E T SR OS2 M IX, Hb T KRR B 22 R AE eI R I T 95%
B G ACF(RURIX ) o H R /KL IR B2 AR A 25 51 kS 3K 7 A AR 4K . 7Eb
SE AR AR SN BB EH N T 29 0.01-0. 1mm™, MR /KA IR FE G, I8
IKIME 29 0.005 mPm?, FERGRIYEL, 225 REH T KM P, R KRG
Jin(wWang et al., JGR-Atmosphere, 2020), . 10.
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3 =
=t =
| s
i [ .
D i o
S . = 1
> « o s
: 2 &% 1 "
1 (a) Groundwater table depth (m) N s 2T =
608 T T T T T T T T
180 150w 120w 0w 60w 30w o 30E 60E 90E 120E 150E 180

1 (b) Surface SM (m® m™®) 3 =

T T T T T T T T T T T
180 150W  120W 90w 60w 30w o 30E 60E 90E 120E 150E 180

30S -

‘(c) Latent heat flux (W m™)

8as T T T T T T T T T T T
180  150W  120W  SOW  60W  SOW o 30E 80E 90E  120E  1SOE 180

DPRUNTSN] NN (O N SN O NS VSN N O O S O S O O O . | ™ o e Y o N Y SO O
3 Water table depth (m)

{ @

g E
Al ss
== = F
= {5 2 FE
T 7 15 E
b - -
= 40 10 =3
= 0 2 =
L :<| 2 =
o o5 =

=]
o
|

SHEETET P PP ETPF ISR & PP PTG

K10 H /KM IR 51 R R) 1976-2010 SRR /KAZARFE . =38 0 P B Gl &

SFIMERIAE (@ b FT ¢)o (d) 28 Pl AR - 55 H5 A fi S 2 Hhod S 2 [a] 1 22

o XTTEMABR, FHGIER R T KAIRE. BSRRZEEE t RKH
W T 95% KIBEKF.

3)ARHIER T REARBR T AXBAKENX FEbK EA AR SIRBIFZIRN ;

(a)FREER T AXKEUK Kbtk EIRAI 200

S5 ARKN A GDP Hidfs LK AR K A CMIP6 155, fliHA R4 25
s AL, TV AR AR W6 FH K B 23 0 A, R 8 NSRRI K R R 4
WFFEARARANFE 35 NSRBI 7K Bl Bt K AR 34 RS Ui 52 o T T8 AR
KT R T, WRKIFRA TR E LR R R A2 Se [ s, At
S BRANEN AL AL IX, A P TR B HE TR KT RAE SSP460 15 5t B3 T
B, HRE, PhREFLEIZMIX K SRR . RE LR IKES N 0.03
mm’mm? 247, (HX AL JFONEN LA X, H 8RR RN T 29 40%. Xf T
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S b, R R I AR BT AL SR AT B R M X AN L, HH G T
5-10%/ A7 {EFRPHE X, FEAPE. E0EE AL EAT AR BT L X L K A2 Ji
X, HFEARFBE N7 AKHE 10-20 mm year!, %t SSP370. SSP585 155, HT
N EFIEN A e, T AT FKIG 2, bR AR SOk B T Tl A AR & K
MIHER, BEARCRE, XHAME S T KTF RN TR AR 5 B 3% . 7E M
KT RN LI, ZEEOR B RGN, SR E 28 0.1-0.3 mm day !,

It HiE 7 EAGRN 95% 0 W M t k. 28 HIUR (38 0 3 B R X T 5 T
Fi3GIn F 80 . T SSPS8s 1, tFMEMAH/KEZ, ik, HuR/KIFRNF
ZEHUR S0 BE SR Z, S e R AR X, ZE BOR N T 20 30% A0 4« LK 11 .

Surface runoff Relative difference
™ N

E830c0zBE

83000388

8300038

§83000388

n3 88

58300

K11 NEEUKHIKR 2015-2100 SRS PR FHERZRE WG, ¢ e g 1)
KMAAXSZ (b, d, £, h, j), BHSZXIARRIE BAE N 95%H 25 t 156

(b)RFIER T TR SRR R
M3 SR ST R AR SAB A R, AT LA I FEERT EEL 5 iy T 4t X3 7K
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TER AT K B B R BN B B . o 5 RS T b R KRG, AT LUK I #A(2015-2040 4F)
HO R 7K SR SR B # FN R RN ATI AR 0 3, (RIS Hh &5 508 15 54 (SSP245 . SSP460)
Je R R IR 1 5H(SSP370. SSP585) T Bt (M B2 22 7 HE AN BH 2, IX 2 R FEIX
SefE S N ED L X M R KR E M E R A R . SR, 75 H1(2041-2066 4F)
K ARBI2067-2100 4F), FEE5RIE K FH(SSP245. SSP460) I Hb T 7K TSR A B& iR 2%
OEEHS, XA RE L R A A RRE I 3R 21 Tl bR SR T AR D (5 4
VMK S TAE, ShfmEBE IR RN RS, WA 12,

2015-2040 2041-2066 2067-2100
850hPa temperature (°C) 850hPa temperature (°C) 850hPa temperature (°C)
3
7 28
24
2
7 0
-2
] "tH24
N : () i [ 2.8
(a) SSP126 - (b) SSP126 - (c) SSP126 -3

70E 80E  90E 70E SOE 90E 70E 80E  90E

30N 0.8 30N 0.8 30N 0.8

3 i 0.7 0.7

20N 0 20N 065 20N 065
1l

-0.5 0.5

R dOORR ™ (s}
(d) SSP245 - (e) SSP245 (f) SSP245

70E  80E  90E 70E  80E  90E 70E  80E  90E

30N
20N

10N o:-0e00 H
(9) SSP370 i1 (h)SSP37O el

(l) SSP370 -l HM -1

70E 80E 90E 7OE 80E 90E 70E BOE 90E

30N 0.8 30N 0.8
----- 0.7 0.7
0.5 0.5
20N o 20N .
-0.5 -0.5
10N 0.7 10N hE
N -0.8 ‘e ™ 0.8
(k) SSP460 -1 () SSP460 -1
0 T . v 0 r r -
70E  80E  90E 70E  80E  90E

30N RIS 0 30N o e lalele
20N

10N

N
(n) SSP585

T T T
70E  80E  90E

B 12 NREUKHZKXA 2015-2100 S5 A1 850hPa i EE IS, FHRZIX
AT B BEE N 95%H) B t 1656 .
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DRARFHER T SURZS AN HENRS SEKTHRIRE R Tk 2 iamE =R ;

()i T A HE TR E AR

P E il 2 B IRV H R G HERR B PR 2 B I B I KR 51 AR AR A IR ]
A B BKIR = S EOK S RG22 g 2R H AT UR RGO % &
B LR HE TR IR E 565 AN A IR T R AR
WIS, AT RHE] XIS B 13 45t T AN AHEEGE I T AR
EER R IR SRS AT . G5 REW, JEPERIEE AE0 . BRI S [ 2R 350 45 T i
ZEBONH R RATGGs, IREETT EE R TA 2°C AL, XA K A A R B
s TR EER A ERTRE H I 7R IR . 1Ak, HREE LT E
e~ [ SRV AL AR P A A5 G B 8 T A8 DL B o W R o IR KSR AE Liu
et al.(Global Planetary Change, 2020). %45 % # Nature Climate Change - 2020 4
VENHIE A # S 3E47 51 H -5 (Langenbrunner, Nat. Clim. Chang, 2020).

Increased RT (°C)
GON e L v U e e e
BoN o T Mg PN W n
W\( R SR LESP s NIl IR N
] AN e AL o s > I
- ,_ NI:,} .‘-"- 'J‘ ) ‘. b < -
30N — i t e »
] ‘ (oo o I
i s
0 - —
30S — l“r ) -
e ——_——
180 150W  120W  90W  60W  30W 0 30E  60E  90E  120E  150E 180

B 13 1981-2010 = A A #HE O AT LR BE 5 080 F A5 25 23 ) 23 A o

(b)BE LT A BB TR S amiERIRZ I

RARTUE HAE F5GeHEm AR 55 N izl 51 i b b S0 A AI7K SC
RGN, SURELE LR IO A iE s, A m k. K 14
JEoR T N NPESh (4G N U N AN /K R =75 ) f - 398 000 2k FHIRT I Ut R 45 &
. — S, ARSI TR L XK 2 B X ¢ 3 DIN $3%, RE
FETEH E AL X . PERCRIRE, AHRIHE, ST ¥ DIN f A A . AH
B BT KT HIREME AR At s B2 CRy ) 2 s AN By 1 DO IR, DIN
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W N, R I DON U RGN, ElhFKRWIER, 2K
Z 0 DON S /D . S RKUL, AP T, JEFERIR AT AR Y
DN & i F W, 1 HoAth 24 5 5 DN i@ &> (Liu et al.,, GCB, 2019), LK 14.

DIN Runoff+Leaching kg N km™® yr”’ Riverine DIN loads
90N 1 1 1 1 L 1 1 1 1 il 90N 1 1 1
son o L —1 son L5 B ;
30N 1% h , - s0n § h

- . ~ .
2
0 - . . - o .

308 4 - 308 +

. " v "

(a) Baseline-CTLZ - . (b) Baseline-CTLZ - .
808 T T T T T T T T T T T 60S T T T T T T T T T T T

180 150W 120W 90W 60W 30W 0 30E 60E 90E 120E 1S0E 180 180 150W 120W S0W 60W 30W 0 30E GOE 90E 120E 150E 180

-1000 500 -300 -100 <20 © 20 100 300 500 1000 300 150 0 10 -1 0 1 10 S0 150 300

DON Runofi+Leaching kg N km2 yr” Riverine DON loads
1 1 1 1 1 1 1 1

90N 90N
on 5 G L 0N 4
. Py e i
30N g B h L 30n 4
> o
04 . 0
308 I 30s £
{(c) Baseline-CTLiZ - . (d) Baseline-CTLRZ - .
608 T T T T T T T T T 60S T T T T T T T T T T
180 150W 120W 90W 60W 30W 0 30E 60E O0E 120E 150E 180 180 150W 120W 90W 6OW 30W O 30E 60E 90E 120E 150E 180
-500 250 -150 50 10 o 10 50 150 250 500 -100 80 80 10 -1 0 1 10 30 50 100
DN Runoff+Leaching kg N km2 yr” Riverine DN loads
0N ! ) ) L L . 1 1 1 L 1 90N | H 1
soN o e - oon
30N Y B L 30N
04 . 0
308 I 30s
(e) Baseline-CTLZ - (f) Baseline-CTL & - .
60S T T T T T T T T T T T 60S T T T T T T T T T T T

180 150W 120W 90W 60W 30W 0 30E 6GOE O90E 120E 150E 180 180 150W 120W 8S0W 6OW 30W 0 30E 60E 90E 120E 150E 180

1006 500 -300 -100 -20 0 20 100 300 500 1000 300 150 B0 -0 4 0 1 10 50 150 300

Bl 14 1981-2013 F A A#sh 5 i 35 2 2k Ko i it Z0m & AR b 1 2 47
By a4t (a)k 3 DIN i Z%: (b)iliii DIN dfl 5 ; (c)1:4% DON Jik; (d)ilii
DON j#&; (e) 13 DN JiZk; (O DN &, FIiln it BIEE 95% %
HE ¢ R0 X I

()BT ARSIRZEAS A KBENEFI iR R RIS

N T R R A 2 2R AN AR AR A AT R 23 B SR A R, BT AT
AR CO2WEE . RARDIRE. MALCEHLENEAEHUEED . mUETS QK i
AL XS 1981-2013 4RI EU IS B AL I DTRR (B 15). BARRE, 132 33 4F
ARV DIN ik & R AR A 3 252 SR AL A - CO2 Y B2 T e At A 14 A 52 i
TR SEDTPE s T5 GeATZKR 5 HSE B/, HAEAS R 3) 32 SLAR 5 R 1A [F]
FE 1981-1994 4F, BRIV DIN fiik & TR, FERHARZL. Co2 kT
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R AR B> IE s 1994-2013 4F, R CO2 ¥ T imn ) 5 sk S AN B 44
B, AR DIN ¥k 8 bAHES, 3B TTEk R =2 U5 A A R T IR & 1)
am, ELAE A ok S, M 1994 FE1F) 0.18 Tg N yr! BAINE 2013 4E 11 2.65
TgNyr'e mEG G R INEA DT, (HAEXTEN . B 18(b)ATELE H, 125 33
FEABRIR DON & AR T 2 U ], [ a2 3] Co2 WETH =
DR, R RUETG O, AR CNES) JLF- 4 DON #rik AR A A DUk, X4
IINFZH P8I G G AT (1 SR 6 0 B A 5 R SR PR, AN R T
ST IR GRS AN, U5 R 3R SR U S S A /T AR
M 4 S5 PR 5% 1) R () 7K R A B R s 0 LA I S AR K R BB 7 (Wang et al.,
JAMES, 2019).

6.0 | [ Water regulation

[ Point source pollution _ -
4.0 _| E Fertilizer and manure L -H HL
. | I N deposition I L e L
4 [1C0; L |
7 [ Climate

DIN export (Tg N yr")
n
(=]
|
o |
T
[
I —— ]
-
- — |
—
 —
1!
—
1
1
[
[
T

0.0 HEDD

-4.0 71 (@

1981 1986 1991 1996 2001 2006 2011

2.0

1.0 -

1.0

DON export (Tg N yr')

1 (b) o
-3.0 = T | T T T T
1981 1986 1991 1996 2001 2006 2011

B 15 1981-2013 FE4ANIREE K T X 4 BRIEI DIN A1 DON #iiz 2B oiik: (a)
VAT DIN i (b)i[ i DON i & .
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5)@ Y SRR E = T LIEAR R ERREEWISIFHER 7 ikhiRkl
SERERHE T R SRR B EL AN E.

()R T ARKXSRE(EA TREEREN cAs-L1sv SEATRRIRERE

5Kz

M 0, 098 R 5 R A B T 3D A8 AR A I Bl T AR A L CAS-LSM, R H
0.9°x1.25°7r #¢ 3, 456 DU R K< 9 £ 45 (GSWP3 . CRUNCEP. Princeton. WFDEI)
BEXF 1960 4F 2 2009 FFREAT RERIEL, BFFA R smalE M T 2485 LiEsE
JEEEAR A s R AN eV . 5 IR R ANFIRARBRIEVER N g3 2 5 R R
By, HTaRia%dE WFDEL S0 1S 32 R B ia R ok . A FIRR
S L HE ALK B J2 B B AN AR AL & A G 43 08 1.1m-1.25m 1 0.27 cm/year—
0.51 cm/year, AHXT R0 AN & PG FEA 11.2%-23.5%. HoHp i e 5 X .
5T DA B RN AG 38 5 R0 I 52 K b [X (43 20 J2 & P52 A0 38 1 s 343 Bl 9 il
2.26m-2.81m, 1.07m-1.31m. 1.32m-1.48m F1 0.47cm/year-1.04cm/year, 0.29cm/year-
0.48cm/year, 0.25cm/year-0.55cm/year(Z=8i#E%E, 2021), WK 16.

-02 001 0 001 02 03 04 05 06

A 16 1960-2009 FEi55) 2 JE A% (a) CRU-NCEP (b)GSWP3 (c) Princeton
(d) WFDEI.
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(b)i5E ¥ SEFLIENEEREITSURZ(C RN

AR L XS B) 2 B R o R s 128 e, R PR SCE F2  JEIX TR
A AR A I SR AR B o ) FH o [ R B it T B 20 C A S-LSM) A b [ s 25 e < A
YA (CAS-FGOALS-g3), AL IFoMT 1% 3 2 J5 B AR AL 35 AR XS 224K, o
RN, 552 EE RPN . 19792014 4, ZAEG L XCOPREENE
JERE R 1.08 m, iESNZEEEAEA 0.33 em/year. T53H)E LA X AR AL
N 1% ~ 58%, AHXAE N 10.9%. &3 EBEERALES S 2 m TRMZLE
PILAR B, 7F 4 FhSAEE 5 N (SSP-2.6. SSP2-4.5. SSP3-7.0 Al SSP5-8.5), i
ME 2100 FHES)Z E AR B2 54 10.3% 14.6%. 30.1%F1 51% (Li et
al., AOSL, 2021), WK 17.

Vi [ wcl 1}
i o e b
y 4% JeAr )y
5. P Rl S
at ; g b
CETr T 7T ™ CIET T T e LT
W m o6 & o s @ B oo e

(a) SSP1-2.6: ALT Relative Change{%) (b) SSP2-4.5: ALT Relative Change(%)

SRR 0 ) RN AR T RN ¢
o 37 bR ST R AT A
Wik N Al i fI P D Al
OO T T O T 7 O T 1
o 0z 04 0% 07 0% o1 5 04 05 07 08 o1 025 04 0s 07 08 w1 oz 04 om 07 0m

(e} SSP1-2.6: ALT Trends (cv/ysar) (f) SSP2-4.5: ALT Trends {cm/year) (g) SSP3-7.0: ALT Trends (cmryear) (h) SSP5-8.5: ALT Trends (cm/year)

B 17 2100 “EAHXS T 2015 SE 3G 30 = B IR AR 4L, P ssp2.6. SSP2-
4.5, SSP3-7.0 Al SSP5-8.5 AN 5t T iE 802 B KR H (cm/4F).
(cFIRFHER 7 LIEAR R A= SHEN
R FH BT 2 Ji 2% VR Rl S T Zh A8 AL R B T I 2450 CAS-LSM. B Je s} B
S R GRS AT T SR A R A S A ARG . FEZ R LI, F
RUE LT taaE, IR S . B2k B s KRR E, TR LI UG VR4,
HIRSE T, AR LIRSS, VRELAIH . R LIX, KR
GRVRZS, ORGSR, AFERBKREIRE, FRELIFGRL, HIETL
Fm, HESEAm, B R . BRE RSN, S R RERE A R 5
/N . 1979-2016 -1 1901-1979 44 L IX P 393E5) )2 R FE 43 9 1.25 m
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1.55m. BEESIET & 2m, WE31ZEE R 0.001 cm/yr (1901-1979)F1 0.003 cm/yr
(1979-2016) KA A . FEZVIVEVR LIX, B RVR S5 1R 15 B 45 15 e 18 i i 8
B KV G5 VR P AE 22 R0 = X RN 210 30 Bl VR o e KA S5 IR FE 4 71 1.95
m 1 1.65 m. FEESETHE 2 m, f REESSEEE 2R/NEH . 1901-1979 FHk
VR G IR FEAR AL a5 R- 0.000.01 cm/yr,  1979-2016 4F i Kk 45 IR FE AR AL #a 34 -

0.000.05 cm/yr (Li et al., JAMES, 2021), W.I4 18.

(a) Maximum freeze depth (m}) {b) Maximum fresze depth (m)

an

¥ OE

{f) TG trands L ) { G."ysar)
_,7 :;;rc-
ECE | w ™ / ?. ?
] ] \1, %%*7%\«“% o
. i *?K“ A

B 18 1901 - 1979 %E(a, ¢, e)F1 1979 - 2016 (b, d, H)Z 5% - X i KIEL5IRE (a,
b). B KIEEEIR A (e, DA 2 m I H e, HFIZS TR/ .
(d) A JTIRHERRZImiRE Th IR BRI B o4

NAPIIBGERAE S 7 ia R E RS it e . ARSI & T
DN FASEAD) AR B R 2H 0 AR 22 S I S () A LB 18 U St E i E(PBLH)Z A
tmmﬁmmiﬂﬁhaww)wzﬁﬁiwﬁ 7100 K. HiZ& 10 K XUH A
R HR(E 18(g)-(1), 2 N AHRGENA 2 S A X B A R R 21 s 2 K<, n
5 Y I B AR R ACH LA, B e 30 S v R R B iR I AU AR I R KRR E
e BRI 1R A AR R 1) i 2 KR PR A S, BT RIS R, 7
A BT VA E RN o AN R Bl I R B 5 e A 2 AR HE B e L, A7
SRARIL R IR E R o NN BRI i B R R R —, &
B FE R IR T 8 8 28R 5 TR B A7 AE Wb ) AL o PRI, 22 s i 38— R e K
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VN 5% [ SRR v BT 1 25 0 R

SIS, N R AR AR %, AR B 1) O AR S R T AR HOR B SR
Hh R E R T BOE 2 AR S, X ELAE R, B T R
(B 19(d)-(f)), BNy PHE i I BB # e H 52 me Ak il B2 2541 (Liu et al., A
AS, 2021), LK 19,

41°N 4

40°40'N -+

40°20'N A

40°N +

39°40'N
39°20'N - (a)PBLHA,. (umt m) 4 (b)PBLH,\,,A,. (unlt m) 4 (c)APBLH (unit:m)

|16E II7E 116E 117E 116E 117°E

300 420 540 660 780 300 420 540 660 780 0 30 60 90 120

41°N A
40°40'N
40°20'N -

40°N - 48

39°40'N 4 & Y
39°20'N -~ (d) QZ,\,.(unl 103"9 kg

1©Q2,.unit10°kgkg™]| (0 402 Uk 10%g kg )

T T T T T
|16|Z II7E 116°E 117°E 1165 ll7[

44 47 5 53 56 44 47 5 53 56 -1.2 0 1.2 24 36
41°N

40°40'N

40°20'N
40°N

39°40'N A . ]

39°20'N - (g)Wmd,m (umtms') 4 (h)WmdMH(umtms') 4 (I)AWmd' (unltms’)

Il()l' lI7C IlfJF ll7E ll()r ||7F
04 1.2 2 28 36 04 12 2 28 36 0.01 0.04 007 0.1 0.13 0.16

B 19 NPT L o N RS DA 1R 9 2 1 A i 22 e 1 2% )
Ai, IXECAZEAP RN (@)(c): TRILTHETE (PBLH); (d)~(N2 m i E LR
(Q2): M(g)-(i)10 XiE =5[] 7341 (U10).
(e}pkE K SRR M Z ERYXR
X3 AT DX 3A 5] K B 5 R T P AT — IR R LA (18] 20), AT 2]
ANTRL A TIT DX 3T S 7K 5 9 i VR VB P K 5 Pl 2 TR PR O 2R B R AR B /K R
G bRuEA, IRTTHOL . UERB RIS B AR K B 0.528%10%. 0.039x10°F
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1.72x10%m?/monthGE B 7K); 0.2868x10%, 0.81x10%. 4.45x10®m?/month(¥; 17 j#
o SEFRKE x HALTREE SinaE ALK E RN . BFFURBIFEI T ) =4
DX 42k, TS PG 7K ol 5 R B, i TR P82 B3 K228 0.55°C, T AE X X AR AT Hh X,
A6 8 KL G K B 2 (R R AR o A T AR X S R R DX, 3 117 o fRD 3 376 7K
BB LI 5O i DXL, AR ¥ R A0 IR IR T A /K R 1 2R Ot B
REFRAERI K, 3T o B BRI KK R AR AT X 2 £, RAMHLIXH 10 5, H
AR T R PS8 e T AR T P T K P PR SR A B AN L X N . TR
JEDZ, ST O E R K SR R TEAR/NX IS, T XU I PR S BRSO IR TS
TBETHT 3 BRI AR (R TS o SR THT VR I Pl AR LG T B K SER, I HAE AR
ATl DX B IR o SR, AROAST b X388 T R 1 PR e AN TR X BT v o R
PRI R = 3 E B R AAE 25 1 DXIEAT 1 I3 — Ak 5 AR AE B 7K &, (B A i [X
AREARHFERL, LhRKEARN I OH 56, ABXE 2 5. HEEERIEE
T OO FIRE X A 1.5 fif e BRI, 37T VR P Pl Sk e PE I Tl rpo i v o 5 T
T 7K ) R R AT AN [R] R A 3T HpoCo RIS XY o2 3 250 SR i o FH 7K 2 P 189 m 38
(Liu et al., HESS, 2021).
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