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Fig. 1 The development process of generative artificial intelligence

2 HEHOME TIEERERA T ERERK

WA A AP IR R B R e S AR TARRITTE N RN, BN UM TR R R R S B 222
v NSRS U R R E kN EF SRV (B S NDWNER S W ea 2R AR A 5 AN 1 e NG 4
FRUANERRES . KRS BAL I S T A SR SR A3 i SRR . TR A T E A
TAREBAT R — RS VEREDIFONIE S, DI ZPRIK . THITTCR AR
2.1 SEMZTNEAEM FMRAF Hai R TR IRMAEK

IME TR RISSURMEIE, WIE RStk AR W PR, AR SRR PR Rl 7T
AR, SPHPRRRE | B E R A ARG TR, IR HBIRITIT 1, i Ts 4L
WA RO . SRR AR SR SRR BEE PR TR ST I, AR H 45
Ji&, BARIE B L AR IRR G O AN TR R AR ) FIE I RE ) [ AT L
B MG AFARUAR, JEHA AR RISUCNRE ISR, ISR ATRRE R & il i A T
BREAHRIERBGEIE, B 2 AR R G, BTSSR A I REE R RIRARBGEIE ,  [F]iiE
TR R S RS RS IERAE AR, AR N TR RET RPN TR U0 HT A B B il
22 FEREBFEKTHSRSHIRGER T FREKR

PEEHE B AR RIS LUK HEh il . WM . RBARSFEOR A A RS R MU RS IR A
AREC, ACBEAIAEAE SR AL TR, teoh, Z 2R Rk AR | (5 R ERTH AR TR Y



%9 FEEINAE: AN TR REAE PRI AR v A T RTINS 2377

XFF AR . ZRESEHR IR RORNEG N, R Re i TR RCEY AR, Mldesed (s
JE2f ) SR N TR REEARAE KIS Yt . BREBE 15 R b b s 2 s A3 T B EAE
FHEAO, B A T AR RS BRI ABGE IS . NG S Y TR, KBTS RIE L, XER
B TAMFE RS TR EsR, AN TR Ak S b, RIEVE SIS BSR4 R mifift
FRHAE L, 2808 IO BdR b S5t 5 h BA &L, IR ARG 2205 4] 51k
Giblgn RIS, SRR TR AR R BT A N TR REF & I m) Z g e
BHeN ARG, v LSBT A e TAERCE, R Pefg . FunMeRne ).
23 EZRFAGMFRLCEOME THEEENS SRk

WA NI SRR R, 1t B BEIRIT & SR S HEION MRS B KT, B4R G I Ry
o DAY AR RGRA . ZATRTE
YuiB) SR AR A BE I DR 2 O, Ak RUNE ST
SR TR IR PR . ARG IR R . :
WRBIZTRIE . AL BRI EZ A
B, HENOHREEICER, KARIIN T fi sk
MERE, IRFFR e EUAN AT BB ST, oy
MR R P 2% . (L5 T EAR AL (agent
based modeling, ABM) JikEL FES 515G
AT TN Iz, SRS A PR H A
REITAIR, TERZEERSS | 1R A0
SN ICIEIE N . AR T eIk S i AR A,
AT A RN TR BB 25 ARSI T H
SRIE T MR RSSHRE ST . TP RE IR H 2 X
THIAMRES . e RRIA, RfL5 ABM ik
FINE A SEE R RIFR M, A S () RAF R i

AR, A SRR, TR E2 HERIFATRE AR A TR
AT S LA BRI R ZAEI RS, T Fig. 2 The generative artificial intelligence demands for
W I RGP EFR B AR, A R s Environmental Engineering in new era
Bt

3 EE AT EREME TSN A IUA. ki & B R

T E NN 20 A N TR REAEIAEE TR AN I T TRIARR, FEFERIE SR LA
PR . THUES AR RS ss. W T 22 RHAR IR A G U RORIE F BV LA, FFLAE R 3
R TRTRER. T R FIZEA R RER R e, BN T RBE I TR E N A . PRI
I P FATS RS2 S F TR e ) ki
3.1 ERA AT EAEE TZ9uE M AIR

HETeER&E . SRR AR TR RN Y . iEAAR, e TR A TR
LB B . BN SRR T KGR S B R R 2 AR Bl ! 554454 rh
FIRH, (ESER SRR —, RREF M TR REE 1. MNAER R &AM T (HESES
AT KRB K A5 ), B0 TR R R 0 SRS, BFEF TR KR 2+N" . (oK O . HEKBET |
IKIMEELREIREE . SRR 55 I RBTRATET A H . BRI R AR B A A AR 1 TR 4k
BOREAHL . AR Py s B TR R 8 A4 B, (retrieval-augmented generation, RAG) , AL AIHEE
NG TP R ARBGETE . SR LA TAE H ATA (5 B AT M8 BRI AR B, AR AR
KA TERER R RN FTE S TR

THHEREE TR R T, ADBRE TA SN TR BREINE . A SRR R RS FHIHIER, 4
WIERL T UK g il FReN T A . 2R ReAELLSE 2N 2 B s 0 AR N T Ren T R HESE,



2378 ok L B ¥ W 18 %

SRS HTS AR Lo AR B S NS T | LV A T AR REI 7 AR BR— SRl B AR
NTRERERIFEL A A ARER UL . PRBEI 5 SO H A B, AR O T B T AR U 1oy
WA AR . I NAMITTE N SIS F R A N T REAE AT T AR U RV L, A 4 AR o5
TR RENL A R o
32 SR ATEREME RS AR ER

AT TRESURAY A N TR BT AL TR B, MELAPCECN IR K H A E T4 ik
NTHERE L AURAE I AL . BRENV A SAY] . BREAR A A THZ . I, ASkARGUN TR E
TEFRIE T RE U FPHE T PR TR U A N TR Rl Al . AR N T BB 5 T PR T AR
SN S 70 R i 1) 8 N T RERYBASE T RS AT 55 B BRI A kR EAh, B AR N TR fE
BORBIAWURRE, @A TR HE S AN T REEARAR E e 5, W@ AR RS, $h
JEEHAEPNEE TRESUS AN I A RIS

1) SR TR RN T BERIE A BN TR AL h 2 R Bk, BAy
HRARFI—E Rz AERE ST, (il Tl 5 BIok e f S E P AU R | MEL B N T
BE) ZAFAER I R . RIS, SREE TR B, A BN ARAVAR R, anfarkasdt . fefbAn
SiRALRE PRI A URE T AT IR R . R IR EOR, RO SRR IR

2) AN TR GR PR TSRy, AU TR R TR THLAR 7 SN T
BRERARBAEZITIRE S, IFERTE A N TR RER WA R AnxHa=Ch T AU e S Tas . &
W TARGHUAE A5 BEIRAE) . HASRIBUFTN T AEME. anfaAR A XN T RERRE ST | FRIERD
), RAHARING TR N SR B AN S, MR AT 5 PR T AR 2 N TR BB
RO E APk

3) ERIEAATERNINE TREEMESF R, (L5 N TR RERAE H W ] TR E M,
T FH N T e AR AT LU TS U e 21 55 TR BB A SR PRIRE ST, HRERIR A —HEER . 7
AFENGHERA A TR RERSE, REMEAN TR REARER T — B Hbr. PR TRREEA Rtk 22
PEMZAEVERAE, AnTEE B2 2% Ll AR5 Bt mi i N T RERVR BEIR, RBIOTIEMS, IEMEARE R,
KPR T RSN T RN I EE R ]
3.3 AR ATEEMETIEFRNEBR

SERINE TR ARG TR RERR . I BUR M 2P, FRE PR TR AR A N TR REN
P B E N TR REROR PR AR . RGMER 2RI H 45 5 R 5T, BE TR
NTERERORIIATR, FRifU RS, B8 UMY I TG i AR RS, FUER IS )T 1A
MIFANA T, MRS REN . TG s P T RER B — U REN IR R, s R T
PP TAE D 20, BS54 R T AR U B RE AL i

TERAE 5 5] 10 47, ARGUREHA R IR

1) MR ) AR AR T BB TS SUS AR RO A AR R . STk, miEmT RN B2 AT
R EE, TRz SR SRR SER U

2) MR TADE F R MBS R S BB . SO AN TR BB 2 U], TELRArP il 4L
LA RIS T, BRE MR AN S, PR HAERRE TR P RIS s, e =0 . TR
SCHEAVE PSR SR BRI S . BT8R

3) MEREME TR AE RN TR BN AR . FIO R TR 0 /4T 2T 55 A RS RIS
TR TR A N TR REN AR R, S A N T REN XML G T A TR,
FHIF, TR BRI RS

4 HRAATLEEAIME TIEFRIN RT3 ]

B AT A T A BEAEIAE T AU N BRI A e FI b, BRIl Ak . st i FH A A
AT B REMOR AR N TR REAERASE TR RN R A 7 10], FRETREAE 3 NER L= T
TAE, $THE TR REHK T

I



%9 FEEINAE: AN TR REAE PRI AR v A T RTINS 2379

4.1 FERAATEREEEERNIMNE TIZSUTER R

PR T AU DG R T A T AR N TR BRI L U LAY, AP TR
A A N T RN A TR AL B2 o R 7 T A T ) A B N T RE P TR R
PSE Y PG o W NI I 2 S i s 7S s s e A P 7S b e A RS N ) a8

1) HRERANTERKINE TREFPMEER R e, BV, B EeRsg TR M )~
BE, PR e BSOS BRI, IR S BRI M B il , SRR
PRSI ATSENIG I HLm ) AR N TR RERI S ., SO TR RO ARG, 7 o Kl
JE AT — A IR 55 Sl AR

2) AN T SRR PR TSR RV IEf, RO LRk Tl M A i T
BRI TN GRS, A HE R PREE TR R A N T R AR

3) IR TEIRE VR ERERIE, 5T TRYE R FRPEARRAIRI A, AR TR ER
SRS, Z5A A TR BB [ SRR S A Ok, S AR N TR RE AR
TRESURA W BES PR, AP AR A A RHERE . — B EMIRIEEE, I AR BRI
4.2 MEEHEBIFRHIME TSP TERNA

T ) PREE R AT S T . ARSI . PR - P SR R, ARl R A
NI LAVARE ST, IERRE AL SfRe . BT B SRS Y i AL 5
FIASCER, Pyt v i) ML RS O BASE T AR U A N TR RN o P RS T I . T P AR
WS RS 5, TGN TR LV BB BT s ThT 1 PR TR SR S e BN

1) HRFMETELRREHERT %, TV R R IR A HEAR, TR Tl iR
AR M AEE ST, M web i T AR S B MR RS |5, JHSLL A 8CR

2) N TS WEGRRAERE ., R, ST AN TR RER I ST . BdlisbribUil, 18
(2 SV R WA I A% 610 B TN (= A TN 4 €7 v W g LT U 14 6 5 8 T R e Sy e e
PR BELIRE TR LV SRS B RE Sy o RIS, ST B szl . Bl it Bl EpriR el
i, WIEdUR, PR 4.

3) E I TRMABGRAPE MBI A, e LRI S mBait . KGR B A
MR, ST AR R S R REAL IS OT 800500t AT L ™7 . GV R Y
WEPFN AT, SR PG RSB ARG, A RS BUIRYE ; fERRSETseIn s, Ui
AR SR 2 R E MR B AT s, MRUEFER R . PR RBORAEADAGE S, MBI R
ISR, DARSSm PR . TR IERE S
43 MHEEEAATEEE (AGD) HINETIZE MESEEE

TET )38 PN T REME A AT TR U REVR S 2 TR BRI S R U DI, i S B A |
P NIV AR E IR 55 VR BRI AU, RTINS TARIORRE, PR AR S T S g — 1R
B REIERIBOE A TR . A E G A 1w T RERY A TR U AT 55 A s T
E N TR R e R R, PREE TR TR AR 25 . 22 ZM AR,

1) T A\ T BRSPS TSI A S5, 1l TR . IR AR TR 41T
% THER, HT AT REREERBE AT S TR, TR G AT 45 80 Bl A RIS R AER

2) EEAATERRE G R L WBARSE R, e TR AT U REAN I R i
Friseit, g, EAREAR TSR, SCIZ YRR a0 A s, SR Busiil | fide
ABOTEATNES, FREEN . PRI A, SR TR . MR BRI A eI . A5
L, BUERRS, YR SREEYI A, SEEAR N T BERTAHOCRE t b S~ ~) B AS AY )
R, S ESHCRAESEE . A AR TR, REEEIREAP RIS, FE T . MR R A
B, SEEURPRHERE R RETIIN RIS

3) IR TESRETEHBRN SR, BRE., SAFEHHE. WUk Raam ., Lt
SRS RIS, BT OOR F SIS 2 MEG R IR Rl S S PRI, IR SRR ei e
Wrie IR ZEREMR, BRI SR R Y R G PR I TN RS AE 7 XA . S ARG A J R a5
[, MR A LR RE IR PR R GRS, SN PR R G A TR BEEA o



2380 ok L B ¥ W 18 %

5 4h5iE

AN TR REE IS T RRSTUSIN SRR, WA= T KB Bl Ak S e N FHIT A& 55 Ny
RS, TEARTIIFERCR . B EREE A By TS S IV g o X FRBE TR AORIFE A BL, AR AT
BHERR T BYBRMISCRIETAL, ISR IR L, R i A P U R IS A . Rk F
FENATERWE WA AR R, PR A N T RETERR S TR RS, 7 IR G
A, A WIS EAWHEI R EAL AL . R RN R R, M B A5 008 ek, 2mig
FHAE RN TATREAE AT T ARSI N FHACE, BB, b, ORI, B TR AR RefL
HOFEETHRIE ZE R 5 2 A S SO R AR AR S

2 F x W

(1] /NG, VRas, WRER, 45. Al for science: B B (LRIt A8 45 KR ST (] vh EARLABERE T, 2024, 39(1): 59-69.

[2]  KINGMA D P, WELLING M. Auto-encoding variational bayes[M/OL]. arXiv, 2022. [2024-04-08]. http://arxiv.org/abs/1312.6114.

[3] GOODFELLOW 1 J, POUGET-ABADIE J, MIRZA M, et al. Generative adversarial networks[M/OL]. arXiv, 2014. [2024-04-08]. http://arxiv.org/abs/
1406.2661.

[4]  MITCHELL M. Debates on the nature of artificial general intelligence[J]. Science, 2024, 383(6689): eado7069.

[5] TRIGUERO I, MOLINA D, POYATOS J, et al. General purpose artificial intelligence systems (GPAIS): Properties, definition, taxonomy, socictal
implications and responsible governance[J]. Information Fusion, 2024, 103: 102135.

(6] T, #AK. Bebnmh A 9k Rl A X, IRAEPRBE TR B AT 50 BB ——PRbE TRIERIEE SH 5 T (1], 3RB5 TR, 2022, 40(6): 3-4.

(7] CHk, Eik2s, XIFRM, 45 AR L F SR XA SRS R B PRI (7] U381z, 2023(7): 97-106.

(8] nibk, L2, FAALA, 5. WA KBRSV IOEREE TARBUE WA S0P SRR (1) B 5 TRRE BFAT, 2024(1): 54-57.

(9] FRWisd, wazil, REMS, 45, JET LAl aN: ) Fk A K BTds SO R A 5 3P4 (0] BRBERLA24R, 2023, 43(11): 144-152.

[10]  ffRi, 25, A, 4. MHLES % 5 WRF KU PM2.5 TIfOT % 1], IUZEFIE, 2018, 43(2): 114-120+141.

[11] B2, 25, HEk, RERSRAENR . K 75 R (). SRS (Lar g, 2024, 20(3): 1-5.

(12] Tl sea s, T, 45, Fm AR 25 ) e 5 1 2 ) A AR B B il (0] 45741, 2022, 42(18): 7685-7696.

[13] MR, B BA, YA=35, 45, 8- R KI5 Y 24 TR S i 1 Pt SR BTk R 5 R B (0] 39824, 2020, 57(6): 1333-1340.

[14] QIJ, GUO J, WANG P, et al. Incorporating generative Al agents into socio-economic metabolism modelling: The next frontier[J]. Resources, Conservation
and Recycling, 2024, 207: 107670.

[15] KOLDUNOV N, JUNG T. Local climate services for all, courtesy of large language models [J]. Communications Earth & Environment, 2024, 5(1): 1-4.

[16] LI H, LIU J, WANG Z, et al. LITE: Modeling environmental ecosystems with multimodal large language models[M/OL]. arXiv, 2024. [2024-04-06].
http://arxiv.org/abs/2404.01165.

(T2 4 285 L)
Prospective applications of generative artificial intelligence in Environmental
Engineering

QI Jianchuan', SHI Wenjie', XU Changging®, LI Nan', XU Ming""

1. School of Environment, Tsinghua University, Beijing 100084, China; 2. School of Economics, Beijing Institute of
Technology, Beijing 100081, China

*Corresponding author, E-mail: xu-ming@tsinghua.edu.cn

Abstract Human society is currently at a critical juncture in the revolutionary development of artificial
intelligence (AI), with new generative Al technologies, represented by large language models, bringing new
opportunities for scientific research and social governance. Concurrently, the increasingly prominent issues of
systemic complexity in environmental contexts necessitate a more intelligent approach to research,
methodologies, and paradigms within the field of Environmental Engineering. Exploring the empowering forms
and expanding the application boundaries of new generative Al technologies in Environmental Engineering is an
essential process for the development of the discipline and a key task in responding to the national demand for
building a “green and intelligent digital ecological civilization.” This paper aimed to analyze changes in the
intelligent demands of Environmental Engineering, explore the current status and trends of Al applications in
this field, and investigate the application scenarios, methods, and technologies of new generative Al in
Environmental Engineering. It progressed through three levels: constructing and adapting foundational models,
developing multifunctional intelligent support applications driven by demand scenarios, and understanding and
reconstructing complex tasks based on combined workflows. The study proposes key strategic directions for the
intelligent evolution of Environmental Engineering in China, aiming to accelerate the country's research into
applying generative Al in this field and establish its leadership and pioneering status.

Keywords Environmental Engineering; generative artificial intelligence; intelligent agent; specialization of
foundational models
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