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Figure 1 The relationship diagram between cryosphere and anthroposphere

[ AORECKI. HL. RSB, BK F) J

7
I |
(oane] (v
@I |
[ | |
VB 5B EEEEH, F

HETHRE BHIEE Wik IhEE REIEE SHETOEE
V4 7 J 4 L
BUSIES B IS BB R8s
2 %L a2 V4 ¥4
cpxmme || - smsvEs || - 2ems . RHSEEER ||  CRSHEE
R - ERiETNRS « RIS * - HIREERES
CRERSEE | L sxwvms || cumemems || OPRE | pepeses
FREMEE | L pamass || - orssems .

— s BESRERS
« X SHEMRS

B2 VKRR 5 B8 e 7 B FE A 26 1A &

Figure 2 The formation processes of cryospheric services and their classification system

1976



VR P8 11 B 78 Al R 5 A P 22 Ay AR AR Y. o o P i
DIRERBUARER T . W ROCHR K BOMF ST . &
FEREk . RIRVE BEREAF SR, LA Dl 2 42 foh a1 45 55 N
2. XSRS AAAE T AR SR, B kR B A AR R
P UKUR B IR 55 48 N JE MUK U5 R L4 ol I 122 345 14 2% 7o 2
5, KRB NSRRI AR Z 7 . vk B D 1 K
Rl i 55 ASEUZAIFFE AR 9284k, T ELBTE TS0 St N AR 5
e ) 5 N At 2x 2 U Y STy T, X — B U M AR KR
R REo R Rt b th Z . BARTAT S, KR I8 i 55 2 A VKR
R hRE LA b, KT AN SRR R AN (G, Rk R e
AN T OS82 S N AR AL A8 A 45 B STRR,
A T o R 52 1 SO T . DR R R DR - DR TR IR 5
ZIEWA R — 1R, HEREX—, EE—Xf
EALPS

R I VR B A 55 9 B aed i B L N A8 Ak ) 525,
VKERPELIR 55 AT 20 A2 I 55 PRI IR S5 . SCARR 55 R EI
%5 MRS RSB K T, ik, 5455 268
FHBE F S e A 1o 1] 40 73 o (325 D RE I DI RE L SCAE I RE
IREINBERSZRF I RELL B T IIRENEE, anfal 2 Fii.

VKR B 3k 25 i 55 S 4 DK O BB A B RS 25 N DS $ ALY
B A E S, AT RO BEIRAE S R 55 . RARVS REME
25 M 55 AN UK (TR PELR AR 555 UK UR B 38149 R 55 48 A
VIR P Ao 5 A D BE B 9 5 A R AR A A S . AT Aok
VRPERIR T ARy L ARSI Y LRl 2 R i 1y e
AW Z W) B S AR B I i oK VR B SR e 55 18 A\ 2K fiE
% DK R B AR A IR i AL L A B L TR
R AR Y BvE AR . AT RURE vk ok B S AR iR 55 ik — 2
Ir RS . RIS REE R MISS IR SHE
M2 g5 . iF 8 SR AR 55 LSOO Z RS T2 KRR R
I 55 2 A8 E — I 30T B0 It B 1 2 U Y UKk R LA
RIRVEURIEZS A BT, AT RABE N ZEITE . BSRT3E GBTIA)
A7 BE SRR IR 2l A SONATT I i B4 90 50 i A A s 4
PEHE g 34 UK R B SRR IR 55 48 N 2R MUK R 8 S5 =
FHYRFIR I R AR TR — 2 AR =26 —
I Ry JE DCAE W) A A BRI R B AR B ST, T — O A
AT ARAFIREGBE | O | K RO 5T 55 A W) B IR A B W 2
VAR 358 SCRF R 555 R d O O — SE BT IR Y AR AR e A
DR ERELAAE, T AR BEAGE . RIRUK G W45
GEUR, BIBT IR A R 55, =R O H XN R B
B2 0 A A 4R I TR SR R A R R PR B SR, T
2 DX BN 2 LE A7 V22 Al R — g AR Ak, BRI 3l 2% B 22
HR 55

Wt K R Bl A2 Ak, oK O B D RE I ™ A o 55 B T A
55 NS B2 ELAE I ™ A IR 55 RE T O M o | 055 B 2 0.
TE 54 MUARK ARG 5T, vk VR B S AR i) A B
Fl A S B DR R THRR L DK AR /0N, B AR JE T A oK R
S5 RN XA B s 10 07 T, ERINE, EEBRIE RS

R IR 583 5 vy, AT T 2 N S S TR AR X 4 AT R
BRI 2 — . DL D) 5 B X D v P 25 4 i Sl ) D) E R
e 55 AR 5 XURSE, LA R KU 14 5 6 55N A LA T

2 Shie B HR 55 e IR Ay B AR

VKR P DR 5 R 55 AR b A AR B L R AN RER 3 A
T, ASCEEN 4 AN MR Pk 7R B Th g SO RSy, R
HoaraR K il 051 & A RIBRL R (cascading effect), {HPH itk
FERNE Z g fE, FRATT 1] T A R — R B G XU

(cascading risks).

2.1k BEdAkEs Dhie e R 55

i IR 2 AT 4 3% 7K W IR B L kR PR S A, TR vk
PR B A R R K SRR T RE. (HR, HA M A2
PEOCHELE A 7= A IR 55, B A DK s A B >4 VK 56 L SR K At o
B, (B Rm g NREF X, alabEmRAL, Brl A28%
ANRE RIS W g . Rl ARz, Ll KR B T Rl
[CLY IR PO A DD/ T R (EP N ) O 1| Wik -pA E S S U
P gt MoK ANAKE RS TR, EZEUK)INE . Ran-
dolph 4=BRVK 4 H 30k 4s5Rvk 1143 R 19 AKX, 4331
WA 4% K DX A UK B ek A2 4610 Huss F1 Hock! ik —
kg AR UK T KSR X K43 56 iR, 4 BIRF o
Tt EMARE 2100 FrKERUKA. 2558 % Y 5
LA 3 — 2P SR T3, T A H B A ) T A
B KUKV B 35 X206 ol i AR 37 A 205 SR e I
F 2100 4F 56 AV EAE R FEAS FE 5 R 290 i
(43%14)%(RCP2.6), (58+13)%(RCP4.5) 1 (74+11)%(RCPS.5);
HH H AR HE O 56 (RCP2.6), KZH KR RAET . &
HERLIE 5 (RCP4.5 F RCP8.5) ¥ H BL 47 5 4 W, 12 B e
rh i HE O BT R 1Y) AR 92 R 6% 7 A B K vk )1 Rl Ak
T R T A 45 /N B VKON TR, DA T HE R AR D A
RCP2.6, RCP4.5 FRCP8.5F, 56 AN bl vk )1 42 i 24 {4 b7
1 AL BE o BB TN 26%, 28%F 36%. TEH 2 RCP4.5
SR, XTI KN 43 A s ok B o 5 s i I, an
Jt.3% Susitna. g3 Santa Cruz F1vK 5 Jokulsd, vKJIAR 7
1 21 AR A B A RN S AR, dnn
SERVGH . PECHEEE, BAGPSAET A 10 4F5E 2 B
T AE o I K 2 B0 sk, aloitg . EpREYAT . RS HUR A
AT VLR AR PSR R S, AR VKR A 21
T B L B, 20 22 vk Rl K 7R ST 9 I b
[J-l [Z:[13~16] . [X,KYJ'I‘I FI_I%E[17~19] . T'ﬁ%%‘iﬂ‘l‘l[14’20~22]$ﬂ:l[’3§‘y‘|‘| [23,24]
BB SN S, H A T R R K B 2 U U AR b R 2 SR 4
Hu X, o E SR N R ISR 2B, A034 L R I A= SR A
Ly b DX ) K A28 R R S BT 93 a5, O K R TR A 45 T g
4 R T B X

TE VB Bl RMNA B X, RS TG s e T A,

1977



a3 8 B 201956 7H $eits FI0H

T B, 34 o1 T H0 0 5 TR, [T S
fF 525261 50t ok BV UK i KL 43 T 3 )
PR LK . 7 S L K PR T L X, UM 9 B 2
i BRI S AL 0 B B2 M I | 7 SR . B B
JUAU X, TR, LA AL, S A KR
R, OCHREEAL . FEREEIE . B IR LM X LR AR
9 K BT 35 127,

TE R BR AN UKV T K VRN X, 5250 4
K BT T 02 BN LRI 1, kR B K S 1 x4
M 2 25 60 0 T B TSR R L A T UK R R
PR 55 T IR, TR RO Hi.

2.2 AN ohig IR S5

A R Y R VKR P Y R S5 o W R T S AR
FLA o S R s AR R A PR . T vk SR E T R B
AR R EFE— Rk, TR, i, — S
BT S R MR AT A 86 % ~95%; i A FLER AN
B RN R R4S i, WA S 2Lk, ok
— RN E 30% 22 4. Bl vk )1 B9 i IR 2R 5 5 T ARG,
UK FE T 2 IR AR A 1E 40% ~65% . 5 VKB A A AR, [ -
Wi A1 15 334x10° J/kg, [H-52 810012 3 2830x 10° J/kg™.
M Bk E A RTE AR S E 5, SEObhEk AFE Rk
b TR 1 A B4 ) BE 2045 309 I 4L T oKk Bl b, vk S 8s
RN I AL ) AR T TR, VK AR AR U T AR R
S T AR P I SRR, R S S AR R A
T 90 38 e AT 5 HAth T S AT R AR TR), T Rl T SR T
PR fe ot AR Wb BRI S m b i g, H—nt
B4 BR it i 1) S PR R A 2R G P R R, X
SR TR R RO T E . oK R B gl v
PRI 55 e ARG T WM, vk Pl A3 1 A T S i)
— A, IO T UK N T B R A AR B
KA 4 B BRI 22—, 55— d 3 1) D 2 A A A vk
1o 388 AH OGO ZR 58 M B IR A B 1 R AR, BB IR S
JEE e 3ty R A AR e L L 4R

Coumou 25 A PHA 4% Hi 25 9% (1145 b 25 1 3 2= 3R 3 0k
55, EfRE S T A E R I . Pistone S AL R,
T 1979~2011 4FAUH I Zeig vkl /Nt AT 2 2 R RAIR,
Y TN T (6.4£0.9) W/m® YR STsRIE, %W Tid 2 30
SRR E SO 25%. SR, Bl b vk g i ) B
TERE 222 40 F BT — 1%,

A Z M 0 U AE 2, AR I DK DR/ N B in T R i 4
ZM o R . AR, 3B T LA
6 S VK AU /D, VAR Y i RS 5, SRR L B 2E
%, FESFIRR SR FERTMX. JH AR
BEACPE T, 7R i SE W R AR 3G . FRATT Ao R
O 3 25 40 45 JE 6 R I/ P48 S0 (B-K IR )IRE VK 800 4F LA
K B IRARAE, AR A [ e Ty S = d R Y B A

1978

Bilhn, 2008 AF Ry & AT R B AR TR I S VKR K E
2008/2009 1 2010/2011 £ 35 Z 22 FEAFII £ 4, 2012
A1 A BAGRE RRTE 700 AZEABETS, 2012 4F 12 AGER
I THRY I A 1938 FLOREA AL, HEILFNEZ
HIE 27 K%, 2016 4F 1 7 BUHGEE 1 B 7 VR Y k8
G, 40T B-K MUK TAERIH AR Ak 5 Py sl i s iy 5 €
TR, B 2R UK AR /NI, A AR R
V] i 1% 5 8 Y 2 1 A A AR, 9 U 9 R R A e B
STl “Boss 44 FE] /b, 2 Z JE30 i 451 & b >k % 2 Wi 4 1) b
AR, JEAR KR B AR A R BOY M S s 5, 0
BN B A AN [) 21 2 R NS A M B2 L

[EIAE, B AR I VK e 25 A 2 P ok S s, ok
Hu IR AR OJC IR R R

TET M I, A 2R RV S 5 T R R R IR
It ¥ 2 () A R 22 SR lE T R e T R R R S, SR
Dhheth AR T,

KR A, VKR I (1 U 559 B A T 20 RUBE b i ] 4 R 1
BRIRIE, Se2evkey Hosrde e T HuBR A EBLIH AT 88, VA
P B S 19 IR S5 fi 0 I A ST s A 2 KRB =2 —

2.3 kbPREROEE R R S5

VKR B L HOR R+ B B A K AR R (AT FR IR ik
P DIRE, SRR S ERAREE, TR A E AR &R
00 BT ARl v 3, 3 of A5 b 3 A IR K 9 R 1) XU 18 K
X — KUK B 2 AU T R AR Bl it 25 e 2 ok o
DB R X RIS A, VIRt JE A F T R AR BE, I
VR R R Rk, ORTET R A A B 8 A A B0 B, DA S 3L
T E IR, R JE AR K A 3 e A A X2 4 1 o KR
32 e BRI 178 ANk X T I VA A5 ol g XL 33341
) FE7E 77 98 0 5L, Bl XIS R, 75 J 2 4 5 IX B
ke g & B AR, HA Y Kk

Z AR VR A 2 M BR 2 2 2R G T A T e YRV 1 i A
A, HAT AR E R D AE 0L MR A A 45 U 22 vk 39 - ]
VRIBIE [l AR AR A S 3 B & SR (CO, Al CH, 45 1k
JE A Al BAT KRR A AR . vk iR = <A TS
A HR Rl 1 52 A v A S, ) Pk DT i = SR
W BE T 5 VR B A B OR 5 CO, Ml CH, [R5, H R Al
B, AW + kg R 2 2800 Pg, Ik TFAERAS AP M
A AR (~760 Pe)FIHI£E(~3.5 Py P7. 47 i & R 2 4R
+ X A HLBR A% B A A W ik 2] 160 PP VR K
PR T B R AR e R R K 1 sk B R - LA T
PR KA, SRR R S . R/ 2 BRF
Yo 30 B T v 2 2 v AR R A B IO B B 1 A K B
[f], {H IPCC ARG Hiff KA ( &ERIRFA 1.5CHRAR A )
5, AR TR HRIAE 1.5CTA R 2°C 35, TT7E 21 i
20 B 1k 150 J7~250 77 km® [ Z24F 7k L fig vk, IF-nl g 2> 100
Gt CO, B,



2.4 SCfehhE e HUR S5

BRI BR T R A LA IR R4, A U 34 .
g it, k87T A ER /AL 190047 E RIKEHR, 4
2700 J5 AU ki B X R AR R RS R, L, AL
WeAs K2 400 J7 RALERE AR K MY, 75 965 A 16 25 4
TIOR3 e i 2 R A 1R O M SO T A Ry, i
RS LA R . AN AR AL — A AR TR RS fb
R BRI TE 2, LHEAR £ 30k, (B2, AR + 50k
AR 2k, T E X AR IR AR IR, — B A SRR
BRI ARk, AR A SCAk A8 4% 0 408 52 wh T ) 7™ 4k
ljjk;[42].

W 25 AU AR i X VK2 TG T Rk, Y S A A e 2
AT VKA B A S BCR B X — A8 AL X R AR T
WEH . YIRE . JUAk RE R A vk £0 28 S £ i SR AL R A R Y
A 3 T AR KRR P T TR R AR S, VKR AR
TR T AR, SRR IS S NSRS, AR H R I T A
G, AR T DA B AR A O 3 AR A O UL AR,
A0 A 7 AR A AR 3 R A R At se 2. SRR E RS T2k
WAl B, MR FARA R F AR M ERE A, EFRR,
T VK 23 118 75 98 5 % ST T 2 T A 5 3 A A 7 5 A 5 7 oA
FE TR BAT S TR BT T A A RS, T I KA X AR i
FIHER T AR, Je T S5 N, R AT R 2 i A AR 2R
45, 58 i 07 A B A 350 A SO s A A g,
ERNCAH RSB L AR O, B Ac
AR DX, e BT A3 T FF 4G 42 A A 7 1,

S AR R (45 AR R A% B0 2 5 15 sh t 7 g 4R Rk A
WU R BEIR D I R, AR B S R B BT AR B W A
AR . 2T ORI b R A R, G JE R A T Bl

AU O KT, AR T AR, fERIA
SRS B CRF A AR AR SR 22 U I Bl 1 P RS AR A IR AL 4 A%
G T SEPE TG DR, A% 8 S iRl 32 % e . A p
U O 3 DA R A RN 22 B A0 X A 3 SO
Ko XTACH L X /NI & A T RGN, RS R AR
ARARARERE bR AR B RAK B S A7 A8 AT 1R, 30 Il I
T R I 8 AR A 1 £ 0, RS B A AR R R
SN E T AT, R 2R IR SRR 1 SCAR Y SR, 0
) MM RIS, X 0 R b b T
WA A R AL, DA T 32 18 383 75 AR 19, Tk e e i1 )
b A T ) S 0 R P B W) A SR SO i 2 e

2.5 Thhg e MR 55 58 1l e e LS ek

G0 XU — B AR B T80 A Ry R AR 1 A R
B, BORULIE SR E 75 € S, HATA R W R A I 1
S BB R S5 S G XU e — AN B T
fR A, S DR Y R R G 5 1R S R, A R
Fh o FRE A B v )45 ). 78 B R KR B Dl g S HL IR 55 5
BE AR T, BB TEmN , RESEE, Ke
FURINREM G MR A5 IR AL LA S At 22 28 5% 32 40 45— ZR 9 9Bk
UL (A 3).

(1) K BEIRBELE D RE S R 55 e R AR T vk v el
LAY M X, TR Ak XM 2 2 B by, St — e
B SR Al DX i AR, 30 288 i 5 AR 4 i 1 55 35 T
fEER &7y e

(2) AV T T RE S HER 55 oAk Bl (b ok e T ok
HALFEERE )R 45 5 B s KA W B &, a8
AUGGE L, MRS R 5 AR S R G A, TE M R

DHREFDAR SR [> |

IhReHR%k

D

RHERE ][>| HEEHTRE I

BOKETR REZE
(FG&R) (5247)

KiPsE, X2
(B247)

KEFRHEIERERS
(RIEFTX)

SEETHERRRS
(RETTE)

SRERM.

4 b i 3 RUSETRE
MR 1)
(F& ?&miﬂiﬁﬂ)>> (BR)

K558

PN T
(BHR)

K RFRITIEER RS
(RERTEE)

KL&rF

MEE

(TE) >> (IERHLCHER)

(EZRDBO LT
HI(TREEZE)

XHIRER RS
(REHEE)

P

G SLAIRE

AEERI
(&) (Pz)

NNV N N

A SRR
(RIRET)

B3 Uk el S e B HE I 95 e 1B Bt Ok miy XU 2 3k
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Cascading risks to the deterioration in cryospheric functions
and services
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* Corresponding author, E-mail: cdxiao@bnu.edu.cn

The cryosphere provides a wide range of benefits to human well-being, directly or indirectly and materially or spiritually. They
are defined as cryosphere services, including provisioning, regulating, culture, bearing and supporting services. All cryospheric
services are supported by cryospheric functions reflected in their processes, structures and properties. Examples may include
energy regulation, mass (especially water) storage and transfer, load support, natural cooling, and protection from surface ero-
sion etc. However, as a result of climate warming and corresponding cryosphere shrinkage, the cryosphere functions and their
associated services have been deteriorating and would continue or be eventually lost. These are highlighted by the following
aspects.

Firstly, the meltwater provisioned by glaciers starts to decline once their overall mass is reduced to a tipping point, which in-
dicates the time when the accelerated melting glaciers due to climate warming can no longer supplement the declining meltwa-
ter due to the reduction in glacier mass. Meanwhile, before reaching the tipping point, the increase in glacier meltwater causes
water discharge becoming more extreme, leading to floods, while the reduced meltwater after the tipping point may exacerbate
the likelihood of droughts. The deteriorated freshwater provisioning function and service could pose a serious threat to regional
social and ecological systems, especially in the High Asia and Andes of South America, where the increasing population highly
depends on cryospheric water supply.

Secondly, with the relinquishing cryosphere following warming climate, the cryosphere is gradually losing cooling capacity
and incurring reduced albedo, consequently exposing the underlying surface to absorb more and more heat that accelerates the
shrinking of the cryosphere. The ocean circulation could be weakened due to increased meltwater of glaciers and sea ices,
which increases the volume of freshwater at sea surface and prevent thermohaline circulation at high latitudes. The declining
climate regulating function and service of the cryosphere would cause more frequent extreme weather events, such as rapid
warming in the Arctic that would significantly weaken polar vortex, affecting mid- and low-latitude circulations that may bring
more frequent heat waves in summer and extreme cold events in winter.

Thirdly, the cryosphere would gradually lose its water storage (e.g. melting glaciers) and incur land erosion (e.g. thaw slump)
following warming climate. The accelerated retreat of the fast ice along coasts of the Arctic Ocean increases the seasonal ex-
posure of coastlines to the impact of waves. Together with the deterioration of frozen ground, the Arctic coasts world experi-
ence accelerated erosion. In permafrost regions, the thaw slumps and thermokarst lakes are also the consequences of increased
temperature in the cryosphere. These may eventually cause the release of greenhouse gases and further exacerbate climate
warming.

Finally, landscapes in the cryosphere would become more fragmented and even lost. Correspondingly, those associated cul-
tural functions together with the services, such as aesthetic and recreational uses, religious and spiritual activities, would all be
impacted. It would not only seriously affect people’s needs, but also impact on local communities. In addition, the livelihood
and culture of indigenous people, especially in the Arctic, would be afflicted.

The decrease or loss of cryosphere services can also create cascading risks in the eco-socioeconomic systems. It mainly in-
cludes: (1) the arid regions relying on cryospheric meltwater resources will face following-on risks such as water conflicts and
climate refugees; (2) the subsequent risks in agriculture and public health may increase due to more frequent extreme weather
and climate; (3) following on the deterioration of soil and water conservation functions, there would be risks of degrading
eco-system and socioeconomic assets. In the case of more lost carbon sinks or even changes to carbon sources, it would more or
less affect the implementation of “Paris Agreement”; (4) there are risks of the disappearance of unique cryosphere cultures,
further impacting on culture diversity. Therefore, the cascading risks as a result of cryosphere changes should be highly paid
attention to.

cryosphere, cryospheric functions, cryospheric services, cascading risks, climate change, sustainable development
doi: 10.1360/N972018-01314
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