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Abstract: [ Objective ] Water temperature is a key factor affecting the evolution of river ecosystems, playing an important role in
the conversion of biogenic elements, biological habitat, and other physical, chemical, and biological processes. Hydropower
development has obstructed the continuity of rivers and altered the transmission of river water temperature along the river,
especially under the cascade hydropower development, which has seriously affected the rhythm of river water temperature. It is
necessary to reveal the impact patterns of cascade dam construction on water temperature in the Yangtze River mainstream.
[ Methods ] Based on the Google Earth Engine ( GEE) platform, Landsat-5 TM, Landsat-7 ETM+, and Landsat-8 TIRS remote
sensing datasets were utilized to retrieve surface water temperature of the Yangtze River from 2000 to 2020 through atmospheric
radiative transfer models. The retrieved result were validated by comparison with measured data from Zhutuo hydrological station,
and the spatiotemporal characteristics of surface water temperature before dam construction (2000—2005) and after dam
construction (2015—2020) were analyzed in the Liyuan-Guanyin section, Wuduode-Xiangjiaba section, and Three Gorges
Reservoir area. | Results ] The result show that the average annual surface water temperatures before the construction of dams in
the Liyuan-Guanyin section, Wuduode-Xiangjiaba section, and Three Gorges Reservoir area were 21.58 C, 21.31 °C, and
17.79 °C, respectively. After the construction of dams, the water temperature in the middle reaches of the Jinsha River reservoir
area decreased significantly to 15.47 °C, with an average decrease of 5.43 “C in the dry season and an average decrease of
2.46 °C in the rainy season. The average annual water temperature downstream of the dams was close to the natural river water
temperature, and the correlation with the surrounding measured air temperature was significant. Water temperature within the
reservoir areas exhibited fragmented distribution, with maximum temperature differences observed at the heads of cascade dams.
The Three Gorges Reservoir area exhibited phenomena of “cold retention” and “temperature retention”. The Nash efficiency
coefficient between remote sensing inversion and measured data reached 0.907, with a root mean square error of 1.24 °C,
indicating high reliability of the result. [ Conclusion ] The continuity of river water temperature has been disrupted by cascade
dam construction, significantly weakening the temperature transmission effect. The water temperature in the head of each reservoir
area and the backwater area showed a significant correlation, but the correlation between the water temperature in the reservoir
area and the water temperature discharged from dam was weak. Remote sensing method can effectively retrieve river surface water
temperature, providing method ological support and theoretical references for river water temperature inversion and watershed
water temperature management.

Keywords : river water temperature; cascade hydropower development; lLandsat satellite; Google Earth Engine; hydropower

station; Three Gorges Reservoir; water ecosystem

0 51 &

KSR AESRE N E LY AT EZ —, ®
UMK AR AR FAE R, P TkAEAS
ARG IR At B, AR EUK T KA
MR, 2SR At AR KR TR H R B T
WIBAS, R R A TR N FOKAE, AT A
SROKIRATAE, TG, AKERE T 300 £ E Ak
(FEERR 150 m, KIEE /KR 25 km® ) AR50
NBNRK I, S804 Bk 292 25 R —2F D
(172 %) /K AR etk 7K 2 AT B ™ B AR 11X
Ik SCHE ER I AR, R KR 2k
B, KA TR SO RIS S A T kA T
A4k, KRR ASIRARIE | IR AR . K
RO ERAESE, XA S R G A W T E R
T,

264

TR T e X 0] 3 KT ) R i) LA B . SRR
P RWES RN, BESCHREET T T = k5 8 Y
W Z B AR B ARRRIE, &3 =& K S EOK IR G
SISO R AR R BT v VT Ui K
B T ERAK T I, XRS5
SN ; HEGGENES 45 64 Z /K Bk i B e R AR
WA KRR R, R AT JC 45 UK, KE DRA 251
S AT 7Kk A8 5% ) 15 B 32 <A 5 3k i 1) 2 ] 52 o
X 22 IR SY TR GO MUK IR BRRUY, kI
H K, Rt KRR T KRR, HAK A,
B R HUBORE B2 R K IR 1B e .y XB o 45
WFE T I IX /N OB oK LT & 0 BB, BT
SR X KRR ALK, BEET, NS i
TN GERLFECE RIS T /K F T 2% XT3 K i 25 44 &
Tt AR I, SR S X %, U 1K
FLFF R K R s o B LR A 4, ATy AR B — D4R

KFKEBER(PHRL) E57%5 2026 FFE1H



R L5

MR, HET AN RS IR R R AA
ANV EUALRRAE LI ) () R0 R A [] S B H
AR B SR BRI LA ) S T B X LA M 1 S
YNE S RO P ST iR AT UN I S a4 &)
THIR KR S T 98 BA 23 (8] SO LT L ]y 514
LRAERRRL, RRUSTE KR AR Y s ROERFE
(] 28 328 S0 S0 Fry A e A RrIE R A 7k il s i
ZESRMBLIR F71 . ILT AN Ry T b R B R AR Ak
AL TE RIS, BRSO &HE 721 BAkK
WS PR S Bt . BB 1 OB AR Bk, Bl
i RN, PR B AL B 5 SRR
A NE, Google Earth Engine ( GEE) ¥ & J& H fif i
TR W G 2~ A BV, R T ARG R4
PSRRI, PR T B E N R s T, R OR
P TR R A RN GEE SR fEK
B, HPRAE PR MR AR A S R B T
TR, KR BGE R T RIFF-6 . HET, F
JH 2 SRR TR A I ] P 371 2 38T 3k 2K Il 1) AT Y 32 i 1
I, AHIET GEE J3 A 6 9% RS0 RS T 3t 7K et 52 i
A RERIBETEANS B, EARR AT RTERZ T T
T K I A S B T B

AR SO ] 4 0 L i e =k 2R XA Ay BF 53T
B, H T Landsat5 % il 81 {X ( Thematic Mapper,
TM) . Landsat7 3% 3R % & & ] & ¢ ( Enhanced
Thematic Mapper Plus, ETM+) il Landsat8 #AZT/ME &
#%(Thermal InfraRed Sensor, TIRS) & & ¥& 4, |
FH RTM CRAUHR SR fa B A ) St 1 50 DX A f
[EFFIKIRR R, £ GEE FaitE T RILT
TBBRIT K () FRS (A VD VT i — =2 i X)) b DX JR]
UK IR A I 25 AR, s TR SV
e E T iR 5 SO R IRV TR ERE IV A S KE SO AT
SR HKIRMEAS G, BT A0S KR Y s 28
FEAFAE, [RS8 1 7K Sk s 7K T W) 5 2 J R 3 1
w2, R TEEER TR, AR SR A R
AR EE TR AT TS WK R AR

K5k, %//ET GEE IR T F R R AL R AGE MR 280
LT AR
27
1 MRFE

1.1 BURER

Landsat 1 I B B 2 G5 L s Fn ik 3
AR | Bk, £L, aELL, PELAh, LA, ek
B m 8 . 1 HR T AR I A Y
A~ Landsat G BRI, BRIVZL AN (TIR) 3 Bt
Gb, IBFIHLLN(Red ) FIELLAM(NIR) P Bt St IH —
AL AE B 78 %0 ( Normalized Difference Vegetation Index,
NDVI) , NDVI i SR {B ( T A& 4G ALY TOA {H)
TTEAAS], XFF Landsat-5, 7] WG HIZE 20 5% i X 35,
A% HE R Thematic Mapper (TM ) 1548 5E 1Y, 1M
XfF Landsat 7, W/ Enhanced Thematic Mapper Plus
(ETM+) 52 %, TM By hiiAs, %FF Landsat 8, ##
ity 2 A A OLL) 2R HBCRT D 56 70 et 3 £1 191 Bl ) 2
f, LLHME RS (TIRS) $24E TIR #(4¢. Landsat 7
[ TIR B BCAT (R 4 R 1 2 PRSI 3 B Rl
A s A, B REA BRI HR, (HEAK
F ) S e 5 B S I A W N 5 | € = 5 -
(ORI
1.2 HERE

PR i LR S 30 2 W A 1) S A S ol 1 0k )
RAE, BEAMUKE T H R Y AR, 1 H 5 Pk
14 22 PR 25 (R TARURE J5 25 ) K2 Wy M o (i HL o
FOKEAE) A G, JBEE BT E Y I R R LI £ RE
FEREA K, FERIBEE T L S 238 o 0 5 1) e
JEARTC,  H Hi 5 T 5 SO {5 B AR AT LU 4 S5 58 00 AR 0
{H, A SC BRI 0T WL R 20 A A Bk A T
AR S

(1) FIFH SR AT 2150 U221 R S 261
ZESRHE NDVI, JLBUEIEEI -1~ 1, NDVI (93t
HAL N

NIR - Red
NPYE=NIR + Red ()

T, NIR 9 210G B S S 385 Red 3l £1 50 Bt

®1 AARMANERBEES

Table 1 Landsat related data information applied in this study

BER=Y W B WK/ wm B AR Sy HER/m IR IE 2R [H] i FHTIDI RR
Landsat 5 Red: B3 0.63~0. 69 CO1/T1_SR 30 9.45 am
e 1984 4F 1 H—20124E 5 A
(TM) NIR; B4 0.76~0.90 C01/T1_SR 30 (16 d/¥K) i *
Landsat 7 Red: B3 0.63~0. 69 CO01/T1_SR 30 10:00 am
: — g, 1999 4F 1 H 24
(ETM+) NIR ; B4 0.77~0.90 CO1/T1_SR 30 (16 d/%) M
Landsat 8 Red ; B4 0.64~0.67 CO1/T1_SR 30 10:00 am 2013 FEES
(OLI; TIRS) NIR: B5 0.85~0. 88 CO1/TI_SR 30 (16 d/¥K)

KFKEBER(PHRL) B57H 2026 FFE1H

265



Kk, %//8 T GEE R FRAE AR AR RN =0

PR
(2) THAME R 7 5 B ARRY 7 55 R R AR AT E M
F b0y HAGE AR A L e i R R R
TR S O, A B RCR, BARAKh
NDVI - NDVI .
“ NDVI_._ - NDVI. (2)
A, NDVI, Fl NDVI, 515 R 56 4= 4 5 A 58 4 4l
BARZ 0 NDVI{H.,
K AR 3 e TRk
e =0.004 x FVC + 0.986 (3)
(3) THEAIAR R RLEE 38 4o 0 S b S s 1
ILLHMEAAR I DN(RITE) e 1k 1R s e T
U PRI B T R A R,
L, = gain X DN + bias (4)
K, L, AR A AE AT 2 0% ' 1% i 25
FE(W - st «m™ - nm™"); DN NJFELRIRL A%
R TCHE s gain 5 bias 53 51 2 6 5 78 A 1 25 16 5 i
B, XA TR AN [R5 B A 5 8 i i O — 3,
Landsat5 1 Landsat7 (3% 25 {8 A1 0w B AE W0 2 fr 3,
XFF Landsat8, XIS EAEE VT AR, FIAE =i
3k SCf s
BEAL, A AR L S R B, AR
PR SHEHE R (RTM) J7%, RTM k% 1E T KA
X LT AR S 0 W SRS R A o S A
D, BB ACRIRE, Hd, RAURML
WA RN N

FVC

L, =1el, +L, +7(1 - &)L,
Ko, L RKIRRERI SR 1 WRABLR; L,
KRN PR L, WRRI TR RE; & N
KT HE R B 18 3 MODTRAN 45 K75 4 5 44 iy i
RURARE 7, Lu A L, S50,
e, RIS B oE sRB, ARIEIE I 5 058 B TR
T REOKIR, Heiwa=Xh

K
T=—2
K, )
+ 1
L(T,)
LST = r T
1+ (10. 895 - ) In(e)
14 380

(5)

(6)

- 273.15

(7)

K, ToREIRE; K. K, 885 A w5
LST R/KAR TR, %L 10. 895 J& i i/ T Landsat8

(TR, LandsatS il Landsat7 % 10 R EUE 11.45,

% 2 Landsat5, Landsat7 #i Landsat8 & & 2% 1t
Table 2 Statistical table of Landsat5, Landsat7

and Landsat8 constants

moH gain bias K, K,

Landsat5 0.055 2 1.237 8 607. 76 1 260. 56

Landsat7 0.037 1 3.2 606. 09 1282.71

Landsat8 — — 774. 89 1 321. 08
1.3 HERWIEFZE

N T BEEE A SR e L, SR

/

—>| PATHI RS 5 HEAE
ik 4l P
- =it R oL W
TR R L L e [ e
5% & T e B o -0 =
Witk Wk LIRS
#

~

BYBEESX

N
e D

IR
K e
Wil e T
B

N J

N

J
~

gt S pallaw]

TR IR

5#F
Al
T

%
£
TR
SR
e
poa

/

1 Landsat i& B & & KRR

Fig. 1 Calculation procedures of water temperature by Landsat remote sensing

266

iz

IRFKEBBA (FPEEL)

B57% 2026FFE1H



FBOEMI WA 2 BT R EZ MR R, aHHReR
Z %0 ( Nash-Sutcliffe efficiency coefficient, [FK NSE) ,
— R LS UE K SCRBISU S SR A, 7E5 PR S
BORHhE M IIRAEY , —BHAN NSE 0.5, fiH
ZUR S WEIMEANAT . NSE {HBHE 1, M5 EAS

SR RS R . THRA N

2 (T =T)?
NSE =1 - -

Z <T(i)bs _ TM,V)Z

i=1

A, 17 ARG ARU H BKRE; T A%k
IS i UL B H 2GR AR, T AR A N {ELAY
FHIE

BEAh, IR AR R 2 S e S Qe (MRS (EL 22 A1) )
TmZERERE , HJ7 MR 22 N5 E (B 22 1) F 7
S n AR IR, A 30

(8)

RMSE = (9)

2 WXL

2.1 HREMR
I TR . LIRS K, 25 T

3KiEsh, %//8TF GEE KL FRAE AR AR AR =10

FIKRERER, “tFOKBAEPE, EVKBEAEVER,
VR KHAES V" BKB KIF MR ERIE K, &
VTR B ZOK B FF R A # X, XS RE &) 27
ABEGOK L (WL 2), BAEPLAE MY T 4 =
U, b bUiE 13 88, i 10 A, FUiR 4 R, H4g
VI IX PR Bk Ie— I R N —4 bl — B il — 4 %%
Br— e T 0 —&- i — S A — &V —4RVT; Fifih
X R EME—ESE— R, Xk
4 ARG E R, e AT & AR, i
HDXHE IR < — PR\ B B, b R Bk X
B o 7K F 0 R AR R 5N K HL S AT FE TS E B
B, HAWRSRO BN, il 1
BRIT . & VbKEh, 33 FIH T VTR R M =k
HMWEL.
2.2 BREEBUEHE

TEI A VP VLA T R A AR A X L R = e J2E XS
SYWTTET AT 30T, W T SRR R T A PO E R,k
G T AP R A B TP, WIS 3 km, WriH
MG RMPEE ), UARIESAR S —1 ., Wiy
A AN G 4 FF | LY2 Fom R F405 1 i
55 AN, — BRI 60 km, LY1 KR I%
KIN30 km &b, LY M KRIMBYFEX B, LYd Ki%
KIUFUE 1 km &b, BT 4 V0 VLT U A9 IO A 86 9 K

A "”\L o
N {jdf ’\‘\/‘w" T e,
r,} MH
PE =i, -
A /59 M v N
s E
(=]
> ~ [}
\ /'?
j
AT 5
E XS b
R
U7 Fims AN
B T e N 17
I 202043058 / &
20004738 0 200 400 N
WFE X i 1 km L
100°E 105°E 110°E

2 MREE

Fig. 2 Research area map

KFIKBHEAR(FHX) #5755 2026 FE1H 267



Kk, %//8 T GEE R FRAE AR AR RN =0

®3 MIHTHEZRNES

Table 3 Information of cascade dams in the middle and
lower reaches of the Jinsha River
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