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of global change and rapid advances in Artificial Intelligence (AI) helps clarify both its scientific implications and its

contemporary relevance. This paper makes three main points. First, Ye’s ideas can be organized around four linked

dimensions: systems organization, uncertainty management, human—nature coupling, and user-oriented service. Second,

improvements in prediction skill increasingly depend not on a single model alone, but on a closed-loop system integrating

observations, data assimilation, model evolution, verification, and service feedback. Third, Al should be understood not as

a substitute for physical models but as an embedded functional module that can enhance multi-source information fusion,

probabilistic ensemble generation, bias correction, and surrogate parameterization. Future integrated prediction systems

should therefore be built around physical consistency, calibrated uncertainty quantification, and governable update

mechanisms.

Keywords Future weather and climate prediction system, Earth system dynamics, Artificial intelligence, Uncertainty

management, Risk communication
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Fig. 1 Schematic diagram of the closed-loop chain of the future weather—climate prediction system. The blue area in the diagram represents the
forecasting side, and the green area represents the user side. Based on the input of "multi-source data" (including historical data and remote sensing
data, etc.), data standardization and quality control are performed through "fusion/data assimilation". Then, the core algorithm drive and numerical
simulation are executed with the "model as the evolution kernel". After the simulation results undergo "verification/evaluation", they are output and
refined into "reanalysis data" to achieve self-correction and updates on the forecasting side. Finally, the forecasting results are transformed into
"services/decisions" to directly empower users. Users accumulate "application experience" in actual scenarios and reverse-transmit the actual effects

back through the "feedback/update" module.
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AT ES T RVE R 5 27 5 5 4k Z TA) R K & 451
ANRE R ZR G P B KOG U AS B E V2 B2 L
VE UL ATk (Mohrlen et al., 2022); 1M M
SV BT U R R R IR A O AN [ U A 2%
PR 182 DA B VR B2 45 el R LI 2 AN AN B v
FRAFIE, LR T 75 SR UG (i 45 %o Al ™
an RIE T 30 R 73 A IR 55 7 sk AT %, JF
K AL RSB M A ik gs s sk, FH oK
A b7 S5 R XS bRt I S W B AR i SR AT
A A R . #E 2, IR AR EE %
AR s S, TR FR SR AT KU R B fe
WiE SRR AL . X — R 5 AR T R 1) TR
HUSAETT ) ERARIER, )5 R R TEE
St @Ht e st~ S (WMO, 2015).

FEF AR A Bt — DR, AR e
TF o 2 AR Bk R G b 2 S50 N2> N 26
TSR, I T A ST B REIEA ] S M
% (Lietal, 2024). i NRIERNRGH 1K
B DR 3R L 2 R K AN E R, TR B A BE AL
PSR R, RS R Rl 258 T
Bt ( Coupled Model Intercomparison Project Phase
5, CMIP5 ) /3o A5 480 2 22 8 Ht it T 94 58 g 422
(Representative Concentration Pathways, RCPs) ¥
NFETES RN BT A, SR SRRl
5B Bt (Coupled Model Intercomparison Project
Phase 6) I JI 1) #1 2 4L 52 22 % B% 1£ ( Shared
Socioeconomic Pathways, SSPs) % EA[FAI#t &k
R, H—PEE T AND. K RESEER, =
& B N RIS B FEAE A A B Sk IR A B 47
MM TR NG SN M N A AR R, 9 IR UM i
BN FE N R BE 2 (Schoenberg et al., 2025),
AT NS TE B R T FT M B 171 9330 P [0 O] ¢ P
o REMHIEMZZE (2005) 5RiFK 20—
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R, AR —FRE R, RIS B e S AR
e, SARAEA IR AN N3 B ) 3 — B
HEARZRR N7, ETEMHRBN T, 5
BT G BARAT I A S BAR R TT . AMARLE
PEEA 7 BRI R AL TR BT e 3 R R
(Nyborg et al., 2016). Fh, EAMKITHNEZET, W]
DA 2 T8 Be AR B8 ( Agent-Based Modeling,
ABM) i MR B e S BRI, K AMERAT N
ZHRALRNMEZE b, 5] A ARADLAR P X SRR A )3
8474 (Eren, 2025); {EREARAT NEHE, FATAT
Ui aH 2Rl 58 RMERE, BMAERER
FF LG ST AR, DR g RO AR
AR IUIE B 1 38 1) [ B S A I B4
T3 A DB o) 3800 X 3] FRIR FE R o ANTROWE ) 2%
MARER R, W RARLIE. 248, FHH
Bim. AL RAHIEK AL PR R HE, s 2
BERMET], MaZlE, 23RN 8RS

JEBURREW 158 NI g Ik, dEmgEy ARk AL
R BOREN BT R ESENRARF; AT
i, Wik ZREE. BOREIAE HARTR P RERE (IS
MR P R . ARG R, BATAT AR
N TR MR R A HAR, Bk, wTRCR
AT B A ER R G i R E RIS T %,
Sk, FIWIBEALE] SR 205K AL SR Ik 23500 H o
K2 AR NFEEBN S TN AR 55 2 1B R
PR R XA G I S IR R &
IERARMBR AP NG KRN
HoOBRSChRTB, SIS BARAEILAL.
Xt i 5 e B T AN X S AR IR A B AR Y i
IES, TREERL “HR-AKME. TRS
THE B0 BEESHES T, Mg S5 idi
RACKISE R . XU, MR 2EPrsRif “H
R— NIRRT A TR S TR 2 Em R
BRI AMEV  MIEERAOY TR, AR

B M mgER ], iR AR R,
KRR, Ao ANREShS R Rk

PRIE, RS AR HY A, JB8SREER R G
YoMz Hbr, B 2REETS BRI ik
AR ZXIRFNERT S AR . SR

APPSR E A i R R IER DN, 5 4w
W ALY E AN R H R B B R A8, T
R TREG MM E G BRRIE, BRI R
GUIRPAESCHEIATT, NIX — TR R AN E AL SEHESL
) TR . 2T X128, T SORHE AR &

Aﬁﬁﬂﬁr'ﬁﬁkﬁﬁﬂ

O mRmE @

= @ ATERE

,qu#T\
=
g : — |
(g am, i anes (e |
222 BEE) © D EFER) &
! > 1
A% HARFHE &R ankgsiE 4
» /
§ BUEH

MEMFLEL, EREFZRMR

B2 BARERE. NGNS TR Z MRS HHORE . SRR SRR AR 5 “HARRF X6 s, Ak
FRF 4R 1) B AR F I #7 SARR AN G B0t EARIAR s e /e, S AR B AR B AR i B E s S S B ) i Sk 2
IR AL B TT 0 E AP 7 VA AE AL B S A ) N D V0 AN S A R A R A TR LA SRR 0 B AR S BRI E 2 E K E
BT RS E R RS R
Fig. 2 Schematic diagram of the coupled loop linking natural processes, human activities, prediction services, and decision feedback. Solid
bidirectional arrows represent reciprocal feedback between human and natural orders, where arrows from human to natural indicate anthropogenic
forcing on the environment, and the reverse indicates climate change feedback on society. Crossed red arrows illustrate methodological
complementarity and integration between social and natural sciences for interdisciplinary problems. Vertical bidirectional arrows depict top-down

guidance and bottom-up supportive feedback between core goals and specific methods.
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Bk, DFiE ATRIBONGLE . (R0 U R
BRI,

4 Al EShRFmK R EH# . FARAEM
5TENEMERE

BB AR, M IR “RRMIIRAAME
TR R Fromii vk /RUGHL e g S
HA—NEE, HA R Ralifik S m s —
ARALTGRIATSE L H br o JEAESR, AL FIRE RS
SAGTRIAR AT 55 R R I BT 71, A2 RS R
AiG . MRS ER. WE IES 8 RSN
TR T HIHIARZAF (Pathak et al., 2022; Bi et al.,
2023; Lam et al., 2023). A5 F &8 74 R 55 4%
IR, WHE AT AN E . BARTIRESiE
A5, SRR ST AL G875 5 58 AN FU A4
RIMHLRCR . A ERIARE I RIS v .
41 AIWIENL: ERTUNKRINEEERATERAN

g

MHT, PEBERAY R, I T ek
T aiHE B AR AR SR AR SR IR .
HXTHHRAR PR R, U R a ERHES R
WER KR R R A AR R 243l Hlh], HiEAr s
TEHEARMBI 5B 5. Bk, PPl ALTESR
TR R IZE R X, AN E fA7 52 AS mT A R 11
AT BRELETEREIIB) R AHELE

FHR, AL BE3E & 4 B AR — FoBr MR AE 5 1
YL, TR B R A 2 R T
TINS5 R, R T T BE 263 TR 1 T AR
FEIX — pi by AT 0TI A R A RF i 2 BRI T
HACR BRI 35 . AT IE7E HES) RS A% T 5
WRE R E AL, B A SRR IR E AR

ZIW, DAK RGTERA E Y TT, AR R T
WAL Lo TRLUL, AT BTIMAHES) T T Ak R 25
P B, 62 " B2 SR H R DK N R TR A R
RET7 [y 3

AP AL FEAER AR T 8l 77 S HESL 1)
BAC, R A NI — TR A R AT OB ER
W) — R R (R 1. AT B4R 2 T 4
AP IRATRAE T TR SR RS B SR
71, IR SR . P HE L) SRS 52 PP
il 1) EE B
42 IM—FEMEEFT: AIRFNSREE/ME

M-S A 7R 43R AL SR R AT h e . O
HIESE, 2001), HIER RGBS KRR WEE. B
HO S AR 2 N IA BLAEF, AR A g Bt
H 1B RS R E N A E . SR, TR
e I R AR BE T EAESE R, Pl &
Frimah s LR SRt 2 B S5 A %R0
HABRHIEMEGE —E, HMARHLA “HERRGEM
W SIS o

TEMCEERL b, RAES: ) 86 05 1R i BE &
AT H P RE. LL ClimaX 4] (Nguyen et al.,
2023), MR ATE S8 — R AE A (] TR A S B
iRk, B R [F A PR ER AR B Aurora
WIRIR T R LE 2 2R M Bk R G IAT 55 L 3T
& /) (Bodnar etal., 2025), iXSLitfEEN], Al A
BRI T, BEAERNG—RIER T, N
W55 5 N5 B AH 5 P AR g9 N TRIUAEE 22 32 (L8
AR . HIX EERERERMESBA R Iy
JE, HABEWRE NG CARE TS e
AN S T R 55

TERHIZ, B ANEIENER “FEW R
0 S5KBEER CWAEEBE” FFATE, AN

AR —— o ORI AR SR A R P AT 1 HAR— NG TR R K I FZ S 2 A
R1 Al ERRPRSSETNERPHBRNFT EEZESAR
Table 1 Embedding points, major functions, and constraints of Al in the future weather—climate prediction system
RIS ALEZAEH] REALSS T FEAR
M/ ZIE RS FT. R, s a R BEERRSAT. FEEA FERMZE . FIRRETEA &
i — i
R S S UA N RS EATER. MFRELE, MREE BRHERAR. B XRRE WEE SR L
Wiy AR X
fx AL

BRA-RHERN REITIE. R,
Bt

EAPRE PR SR

BXIERE AP TR . IR A% I AR AL

FENAL SRR ARA T

T RS % AR . B — R
(54

FETI AR G it 5 s EE FEPRRHC S 028 AU
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BONTTERAEEORERAE TS, ANHL R, RE
W2 HEBOE R @IS A T IS AT AN KE
HE R, A UUMRRRIE . AR s
AR R T O AR BT RIS 2R, A DA i
BTG SR SR R G PSR 7R 2
IR G A b, N RIEBNIE B gk — 0 4 SR Ak
RS IR B RS BOR R AIRSE R, HR
R HEG BRI A XU B B RS R A
AR, IO ABM 5E AN E S8 E
RS TE— =B, BZIEAME S, B
TR 2 RS AT AL 2515 5 Rl
Gy W EE AR S B —i A REE . AR TS
MANEEDE DI g— i R R R 5
AREST e ZF AR AR SRAE AR A
“SUA AR A N AR R R T AN B
4.3 BERWMEIT: Al XEHNTAHEMHER

Al B ZREIEAIE T4t — N “dE”
M B 2R, TAE T PRI L & A AN 2 S5
Ab#E (probabilistic post-processing) A, {5 1k
PR 1 TR/ INBE R v 5 R A XU s
B AAEEEME. L GenCast Af§ (Price etal., 2025),
XETTER YL om i B MRS T A &
BE TR, AT RFE A2 T ARl 25 v (1) ]
171 HE S EEAE T 1G58 e A R AE . B3R AR
AEFUANH 8 PRV IERE /T, AN B4 1 B AEHE A
I A A i 5 AR BTN BE g X T R
B A DA RTINS S A ) /i, A7 75 M BR R e
185 515 A2 W 3 [R) S 4%
44 BEX—NBEO: ATEABREHRR

ALFERX — TR R i 58 =8B, =AEN
A AN DI A 2, i w22 1T 1E
B OB A EY A (surrogate model) 55 77 3 o 3%
TRINEE 26 AN A RUBE 2 ) (i f e . 1% — I ROBE A 411
5 oK B 28 T e AR e P A4 R ) AR R AR R, T Y
AT BRI R4 7 i TR T B, — U7,
AT ] DI e % B 27 >0 g 2 1) g 5 3l ORI 7 471
2 I HUE A R S5 8 1 DA S R G e 22 9T Jg
GuitiTiE: 3 —J71H, REES SRR sl 7
T35 O T Gt B RO RN i H 1 v 0 P
. i, DeepSD ¥ Hp G HE 4 # R AR 5| AR
(TEINE SRR EIAN- % 1DAN (1997 22 S 3 v
oo R A R ) (Vandal et al.,
2017); FET X HLE 2T 0740 E A FH T B K ik

HIBE ML R Z (Bihlo, 2021), LK 4= BR A A X
PR A O S5 B+ RS AL B A, W IRSS T AT
A BEVR BT IRVP Y (Stengel et al., 2020) . XKW
T, AL B TH B RCAS T K A 3Rl X s =0
B O B R ERN /g E R, B
R T I SRR . PBE— B Ly SR AT
RS . BEAbh, FIFHARZ 28 Mg 0t e AL
RS FER B S, DS sl 14K
R E N B AR R RUER B (Gentine et al.,
2018; Yuval and O’Gorman, 2020), R NEHEZ M S
JILVR S XSRS AR B OCER A At o R )2 A B
KT Al W —G it R RE S B S S8
R, X—TE RS TIREE I Eih R R
L R TR TR X AEHER RS U 54
AHEggHr, MMHES TR AE /)L RO, SERGE
SCHEM T BT 9 PR K 5 AR AN TE M RS AL 55 7 K
4.5 AIBAEHRMEME. AR SAaEY

1E AL HEZ) T FEAR PRI % B [F I, 0 250
15 Al e X B AT R RS o AT AT B B A B 2 3R
P ARECHR AT A, FE DN S5 R G e SR A R 1 7
VA (distribution shift) B, #EH[RER I H M
AE /1R B% (Watt-Meyer et al., 2025). CAWFFTEHE,
HTE AL G R LR BT S T R I P 4
SR TR PAFAE R G 954 w22, % B o ik B A 1Y)
FEFR A At e TARAL,  ELAERE H E o Al R8s 78
i 0 [ ) S ROBE Pl b M B B 2 R B (Bonavita,
2024; Charlton-Perez et al., 2024) . M4k, #HH K
R AR i s e R P E IS T, Bk
Hh Al o SR 37 AR B — B [ A SR

PLE & 25 o, X — XS A BRI A2
o M2 B AL 5 S S EL T RAE R 4
WA AT Re R I H B R 2, (H— BIRARSES
i I 53 AR RIS, R AT sl iR
L KRS RS RER R AN R AR, Gk R
SRR Wy sy e 2 B 2 HUE A FRE . Rasp et
al. (2018) HIBIFERW], RS TERT A T-3&
AR AR A RN IS #E: {H Yuval etal. (2021)
Wia, MR SEAEELIE S T R FEA
e MAURER, HAsE MR TR 20,
SR HPRRTH RSP IEFR L. R, AL B 538
A EE R DL 2635 77 R 22 Bl R EC T V90 AR 9 vPA
PR, T A0[RI 2 M B — BME . AR 2R AR E
A A VRS RR i S A2 i S 55 2 4E AT 5



R VRS RS N A7 31 %

10 Climatic and Environmental Research

Vol. 31

HHPEAE SR TR R B W PR I S
ARG I MR, 7R ATRAR UM EE ., B
AL A H RN IX — TR 2R, 3k SR IRATT 4 20 K]
EFEARTL R L s WS ™A (X)) B — Bt Sk vf
MAAHELE (benchmark), B EJE T “ 2 4817
it — B RS B — S M W — A R R I — R [RR
M RGIREEAN . Kk, ATBERBE g N IX — Tl
ERIETSE, AR, BAET H it
TEVE— 8 . MR RS AT IR B A 1SR
LTI o

5 BRESSHE. EEARE.AGEMN
A TnE &

T ) 4= BRAR AT 5T ARSI, R AT
A ZREA AL RS, 12 H 2 A
A WIEZR REEE. SR PP
I 55 1R SN 52 5 B I S R BT PRI A R

NSRBI AR R, ARRI RS II
PR AR RUEAE UL T =A@ BehritE: (1) Y3 —3
PEo ESIN ALSORI, AR 8 e R i i 5
FIFRANRE I T A B E 1, th 008 O b N\ 2 88l
B AT R (2) ATRIGIAEE. A
S MR B A ROR IR AR TR &R
BRI LA, T 25 R A GE R R ME,
M2 — RN RGBT P AT & 22 A
ARG TR, R ORES I AORE AR T A ] 52
(R, i L AR R 3 A 6 L 46 v FEE PR P SE A B TR
AETE, RN LS R R G AR i
AR 55 AN R 5 8 1 5 R BCHHE s (3D RIAEE
RISEBT LA o T A R A B e — A A B A 5l
SRIEHIMARGE, FEARZL — AN E SR,
DRI LA R R A HEAT O B, 2 00 L B AR
GEMEmZERT, BEG PRI E AL F AT AE,  SEOUBRL
TS5, HREARSEREEY] ., ZErERT
BEAT, AT SEBL TN 2 48 SR B 1) 2R e B
ez,

FATT3A L T E SORATAETII A R FI PP
M, ST AT R AR F T 52 115 S ik 2 A0 1 5
VPR, AR S EORUERTE YIE ok
ANl PR R AR AE L gk SERT A 0 DY 4E DR pi HE 22
(R 20 ARRFIM AR H b5 IF AR IE R SCH
RIFERR, 12 M A AN AT AN DA AN [ ik

SRS M IERE . BESEHI RO TR &5 R, RSk
BUMBFA NN B SRS RF A R . AR AT
AR U, REER. 2M
RYELMELES, S TROBEREIH. K
B 5 BAG X A], JERE AHLB R 7 58 i fE 8
fPRE 5 XS VA 3, AT SEBIAN T G B A v ) 21
it p R S IV ) T

F2 M4ETMHIESR
Table2 A four-dimensional framework for evaluating

integrated prediction systems
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