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Abstract

Abstract

Since the 21st century, with the development of the social economy and the
promotion of global climate change, lake eutrophication has threatened global public
health and water ecological safety. China's lakes are also facing a series of problems,
such as eutrophication, frequent blue algae blooms, declining water quality and serious
water pollution, etc. Honghu Lake is a typical large shallow lake in Jianghan Plain of
the Yangtze River Basin. It 1s also a national wetland nature reserve, which plays an
important role in regulating climate, flood control, purifying water quality and
maintaining biodiversity. However, in recent years, the water pollution and
eutrophication of Honghu Lake are serious, and its ecological function and water
environment safety are seriously threatened. Therefore, large-area, dynamic and
accurate water quality monitoring and evaluation 1s of great significance to Honghu
Lake's water environment protection and health, water pollution control, water
resources security and water ecological civilization construction. Remote sensing
technology can be used to observe lakes rapidly, conveniently, comprehensively and
for a long time. However, in most remote sensing retrieval models of water quality,
only the reflectance of different bands is correlated with water quality parameters, and
other environmental factors are not added to constrain it, so it is difficult to reflect the
seasonal differences of inland lakes.

In this paper, taking Honghu Lake as the research area, using 178 Landsat images
and based on the radial basis function neural network model, the TLI of Honghu Lake
from 2000 to 2021 was retrieved, the long-term spatial and temporal changes of water
quality in Honghu Lake were analyzed, and the potential causes of eutrophication in
Honghu Lake were preliminarily discussed.

The main conclusions and innovations of this paper are:

(1) In this paper, a sample expansion method is proposed, that is, the pixels around

Il



Abstract

the water quality monitoring stations are also regarded as independent label samples
and input into the water quality retrieval model. The sample expansion method greatly
increases the training sample size of the water quality retrieval model, thus effectively
avoiding the over-fitting problem of the model and enhancing the stability and
robustness of the inversion model.

(2) In the TLI remote sensing retrieval model of Honghu Lake, synchronous
temperature and water level data are added to the input, which not only constructs a
universal water quality retrieval model suitable for different seasons, but also
significantly improves the accuracy of the model. This model can reflect the seasonal
variation characteristics of inland lakes, and provide a new idea for water quality
retrieval research of other typical seasonal inland lakes.

(3) The water quality of Honghu Lake in the south is relatively good, while the
water quality in the north is relatively poor due to the Four Main Canal enters the lake
area and there are many farmland and human activities. There is a significant seasonal
difference in the eutrophication degree of Honghu Lake, that is, TLI is higher in
summer and autumn, but lower in winter.

(4) The TLI of Honghu Lake from 2000 to 2021 was searched and mapped, and a
series of maps were obtained. The time series analysis of TLI was carried out, and the
evolution trend of eutrophication degree of Honghu Lake in recent 20 years was
preliminarily revealed. Among them, 2005 and 2013 were two important time nodes
for the change of Honghu Lake water quality. From 2000 to 2005, the water quality of
Honghu Lake transited smoothly and deteriorated slowly. From 2005 to 2013, the water
quality of Honghu Lake improved slightly. However, after 2013, the eutrophication
trend of Honghu Lake gradually accelerated, and the water quality deteriorated rapidly.
It has changed from a light eutrophic lake to a moderately eutrophic lake.

Keywords: Honghu Lake, Trophic Level Index, Spatio-temporal Series, Remote
Sensing for Water Quality, Landsat
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20184F, AERADOMEE70Z, BRAAOHEME THITHHE, FHEE
WAk T £ RIS R A (Liao %5., 2020; Srinivasan 2£., 2013) , {5 07K ¥ 545 G+
S5WMEERL, NERALBEMKESZESMET EXEW (Ho %,
2019) . WIHBEEFRNMEFEHEHEEG T ELRNAEE L, TUEWAIINE X
A, T ERTReRAE R RIS AR, MW B AR H K EEY, I
BUERK BB, H&KRERBESIIGE (Hou %, 2022; Chen %., 2020)
EHRKEHT, BMANTERITERWEZREEN, BALESHIIZNEMN
W7 IiX—iZFE (Lin %, 2021; Liu %., 2021; 1438, 2002) . FidZM40FH,
EFRMAN B RBEEEAARBIAF T XK, 4 52kEAEamim1LT7%, H
HE 9 K b 38 B R AR T AR & 23R R R T AR 70.9% (Hou 4., 2022) .
WRIFAKFAZE R4S (Water Research Commission) RIZEit, T, Bk, dbseAn
e 4 5 H 54% 53%. 46%F128% I VATH G E B E LM B (Nyenje %,
2010) o KEEEFLEWABHESH BRI CE R NERRFENE SR M.

BEE R E T AL 2R MR DL AR R B, NBIREKHRE
i FHLA MK BiEe 7T, KRR, BT R A JRIE A W it KT
BHE, KEBYEESRKEBEK, #MERKENEERLIAR, JKEH
BREGENE, FHEDHKEFR T NSERKRAH— B EBL (B,
2021) , SEMATRENSEMER (BRIEFE, 2015) . BE (PEKREA
w (2018) ) Brx, RERIMEEBHPATS%AEEFRWRE, THEE
REEFRAEHX, HREKFEEL., KESREEZZERR. AL
AINRE TR (BFF, 2017) . E20HHEL70FE/ 4], HIF91.8%K B HER
ReFHEFRRE, AMMI978FR1987F, FTEFMBIMBELFHINI 2% FRE T
0.53%, BB FILBEEIMAS% KIEEMENS5.1%, 1990 LG, FRE K53
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Figure 1.1 Actual scenes of algal blooms in some lakes in China (Images from the Internet)

WAERNERS BTN “REE” , ELRESREPRELEEEER
(Adrian 5., 2009) . f&5¢ 775 MK 57 2 d o 7 PR ) M st B T3 i
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Figure 1.2 Remote sensing diagram of inland water body
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(3) BEFRREERRIE

KEEFRRSBBERMRKEEERMUERNEERR, Bil, BAFH
KIKAEE TR ST B RRZFREFFIREIEH (Trophic State Index, TSD &
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(NDCI) (MishrafiMishra, 2012) . & KM E$EH (Maximum Chlorophyll
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Figure 1.3 Technology roadmap
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B EREY X, 2008FEBA EHA SCHLVE BTN (EREEIE 4
), 2014F IR A E & B SN B X BB B SRR X

113°15'% 113°20'4 113°25'% 113°30' 4

N . W
A S 50 S
O g

17X
KT i 45

zgﬁﬂ KT
L
Tl B

0 100 200
EEEE—— km

A 2.1 R XA B

Figure 2.1 Location of study area



EF Landsat TEMIR 20 EHMGS ERRSHRNEFTERTR
fE20t LSO LAY, B — AN ERITHZENBIN, HKZSHEEKT
KA BT, (BFE20HLLS0ER LS, AN T ZKEREN 43T
19554, 1958 MI1970F 81 TSI FESR . e 1 7] (R A0 B IR HE/K 17, LI
THBISKITHRABR, BANEHMEKA (10 4,2004) . IEER, H
FEEBEH. HAEER. BMFEF-RIIAAERNEWE, CLEREKEM
RESFAES T, EIKEERS, KEEEENL (E%F %,2010) ,
KEFREEERABTE, RESRIKTRZEZITER (i %,
2005) , AKX LE ) Bt R AR AT P iR AR EAIE (EHS £%,2019) o Bt
WM E ALK ERFX; BRI A AR, ARERRES 2EM,
EHXAG S HAERENBEMFEREXE, FERKERETILIMOMOEGHLTE,
HApdeHEE AKX, RILHEGEREZXESHL O, HAKFRZHBE
HIRE (5 R% %, 2019; AESL2017) .

2.2 LR

AHE 7 BT A A SE K SR E0HE 42013461 H 22021 10 A MR A &8 7R
AE (TLD , XEHERER E TR X 2 A S I S, Bk sfa
BI20FTR. SEMZKEREHER B TRMATAESHER, R\ GhRKFFERELF
WiME GRAT) Y (BF7R[2011]225) 5 (R AKFEREFRHE) (GB3838-
2002) KIHESE, XM4ERa. LB, BA. BHEASEREIEHEEKESH
FUETLL. AHE 70 A F RS2 B S REE 19994 220214 il vl s B 39

BRgHLREY KALHEE, REHERETHPEAIREEW
( http:/datacmacn/ ) » KA HERBE TH L EH KX AKEERF O
(https://slt.hubei.gov.cn/sw/)

TLIR —MIRE B0 F07i, RBTLHE T E/KEEEFRUER I #E
T2, EiEARX 2.1, (23) - Q7 RETHERELEM LS (HH
OKEE) BEFWIFNHTIER T BERINED -

m

TLI(X) = W; - -TLI(j) (2.1
j=1

A TLI () RAGEEFRREEE, TLI () RRFFHSHWEFRRSHE
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B E BRSO HEE Bk
B, mBERENSHEONE, WRSEMSEREFRERBOHINE T
F) . UMHSRIREAEESH, WEFHSHEE - HLRHEIRNETEAK
A

(2.2)

R RERFEFSHESEESHT R EARBHMHEXEE. REFAPE26M
FEWMAAREREREN (R2.D
£2.1 FE#NE KB BasHEH SRR (S, 1995

Table 2.1 Correlations between partial parameters and Chl-a of Lakes (reservoirs) in China

HRRaRE  HBRE BRI B FRMR

e 28
(mg/m*) (mg/L) (mg/L) (m) ¥ (mg/L)
Rj 1 0.84 0.82 -0.83 0.83
R 1 0.70 0.67 0.68 0.68

TLIEEHSEF: HEEa (Chla) - A8 (TP) . AE (TN) . FBHE
(SDD) MESEIEIEH (CODMn) - BIEUTFTER I EFENSHHTLI

TLI(Chla) = 10(2.5 + 1.086 In Chla) (2.3)
TLI(TP) = 10(9.436 + 1.624 In TP) (2.4)
TLI(TN) = 10(5.453 + 1.694 In TN) (2.5)
TLI(SDD) = 10(5.118 — 1.94 In SDD) (2.6)
TLI(CODMn) = 10(0.109 + 2.661 In CODMn) (2.7

BEER (2.2 fiR2.1, SAHHHAANSHChl-a. TP, TN. SDHICOD
MIREW;, REHBER (23) - Q7 HHHFALZR 2.1, TUKBEKX
(2.8) , FIERBIMTLI () ERIRE KM AE (R22) .

TLI(Z) = 0.2663TLI(Chla) + 0.1879TLI(TP) +
0.179TLI(TN) + 0.1834TLI(SD) + 0.1834TLI (CODMn) (2.8)
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R2.2 BH OKE) BERMLIFE

Table 2.2 Classification standards for eutrophication of lakes (reservoirs)

SR WEHF HEF REEEF  THEEEHF EREEF

TLIZ)  TLIZ)<30  30<TLI(Z)<50 S0<TLIZ)<60 60<TLIZ)<70  TLI(Z)>70

2.3 BBERENENSAE

EWICKAMERYGEIERE TLandsat RS L2, ZRFITEHEES
CHESOEMGE, RHEEMARM TR (National Aeronautics and Space
Administration, NASA) FIEE#1H AR (United States Geological Survey,
USGS) FFAEHE, fEMMSEERFRESRERNPREEEZMEN. 1972
LK, LandsatR % TERGSE RS9 (Landsat 6/ K5 £MD , Landsat 1-5H 8
HIELRAL, Landsat 76200346 A LIK, HABRBIEHERTES (SLC) I
AR S B BT I R AEE , 9 T20224R4 A 6H EEsURR, Landsat 8F20134F2 1
11H %%}, Landsat 9FT20214F9H &4, HEIMIEEIT (R23) .

AL T Landsat 5% B H| E{Y (Thematic Mapper, TM) . Landsat 73§
53 £ B Y (Enhanced Thematic Mapper, ETM+) FlLandsat 8 b B8 1%

(Operational Land Imager, OLI) {E Q38 BREHE IR SR vt WA v 8 /K IR 18 0L 34T IR

#, LandsatEB & MNEBAFARANAE (8240 , ARKKEHASHARAR
FfHE, WMa--BERBEAGHAERXEERER, BIYWHEEER, BETFK,
BRKE, EAN-D-FEBRERERECEER, MYEEEYN, §8THE
B EKER 53 HKE

MEEHFEIEE)D (https://earthexplorer.usgs.gov/) L F# T 1999FEEZE
202V E B 178 R B BB 5 K T 10%K Landsat R 5| D E A, H I EHE20004
F201 141325 Landsat 5 TMEAAR, 19994 Z20214E /191105 Landsat 7 ETM+5
B, LLK20134F 522021 4F {139 F Landsat 8 OLIZ R (22D , #JKLandsat
Collection 2 Level 245 . HH20034E6 H 2 J5 ffLandsat TRZAR B T %2 #H, &
BRBWEGHAES, RAFNSZ—HEEEKR, FrblE kM HUSGS
EROSH R & ITEN AR HITEE . BT /KEERAEERERPHR
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B E A XS LR E

RE, BERNEBEASIIKERREEREEFERKMEN (FFHE, 2012) .
% 2.3 Landsat&RF PESH

Table 2.3 Landsat series satellite parameters

I ) 43 3%
BEZK it R A % BB BT
Landsat 1 MSS 197247 H 18K 4 1B1%
Landsat 2 MSS 19751 H 18K 4 BI%
Landsat 3 MSS 197843 H 18Kk 4 1B1%
Landsat 4 MSS. T™M 198247H 16K 7 R%
Landsat 5 MSS. T™M 19844F3 A 16K 7 B
Landsat 7 ETM+ 199944 H 16K 8 BIZ
Landsat 8 OLI. TIRS 2013424 16K 11 Z1T
Landsat 9 OLI2. TIRS2 20214F9H 16K 11 BT

%2 2.4 Landsat5. 7. SR X BB IERA R

Table 2.4 Characteristics and applications of the main bands of Landsat 5, 7 and 8 images

Landsat 53  Landsat 73 Landsat S 25 g
BB K5 B K i H KEE A& VAR
(nm) (nm) (nm) R
i XK A
450-520 450-520 0.452-0.512
(Blue) BELEE ST
. B K ki 2 &
- 520-600 520-600  0.533-0.590 ¥R FE 7E 45 U R b
(Green)
) S BT UEAE .
30m
” B K 1k 25 &
(1; 5 630-690 630-690 0.636-0.673 ¥R B 75 4T I B o
(&
BRI 1
SR AN B KAk
770-900 770-900 0.851-0.879

(NIR) FE.




ET Landsat DERIE 20 FHRESEFRSHEENEFIEENR

Landsat Collection 2#(#& 5 7-20204F K i, #H L% Landsat Collection 1 (&£,
Collection 24 &EI& & T JUATR EFMIEF EFRIIEE, Fral LK EREE
A TIRARWIERS, KA THEIHIEES SRA (GCPs Phase 4) , GCPs Phase 4
@ & 7 Landsat 8 f#1 EX = J§ ( European Space Agency, ESA ) K 47 {114 J£ 2

(Sentinel-2) WEMIEH LA, BREE LES TEENJLAKEMRE. Landsat
Collection 2 Level 2#(#E AN [F T Level 1845, HOo&&d THEMER. JUTRIE
R KSR IESTRAEE, 2R R R 5, RANRKSKRIENEEBER
#%, 4P Landsat 85K FI5 7L N Land Surface Reflectance Code (LaSRC)
algorithm, Ab¥Landsat 4-7541% {15 7% ALandsat Ecosystem Disturbance Adaptive
Processing System (LEDAPS) algorithm, 75 E ¥ &2, Landsat Collection 2
Level 2IEFEL T —E BB A RGBT ER T MR R E:

Rs =2.75e-5xValue -0.2 (2.9
AHF: R AME RS, ValueyLandsat Collection 2 Level 2503 A5 7 1H

I
R R R g |
AT

T T T v t
1999 2001 200. 2005 2007 2009 2011 2013 2015 2017 2019 2021

18

Landsat-8
OLI

M

o

WAR A

|.andsat-

I'M

I andsat-5

Bl 2.2 AHFIT o8 A 01t 3tk T2 PR AR T e TR 43 A

Figure 2.2 Temporal distributions of Landsat images used in this study
X}t B Landsat 52 B # 1T 3>x3FH{HIEE (Median Filter) FIIEHEE (Mean
Filter) , BEGIERNZEXEGAHNERHTE, @t ARG T,
HIFEPOLETORERIE (FEFF,2015 . CHEHAAERHA, BBIERATL
AT EREER, REBGRNEERRFME, EHLXREE, SEREGRELE
FR, MEHMER . FEKEERRZ ardE i ERIEK G T, Bl b
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BB AR EEERAE

B R FMBER% (Zhou %.,2019) . REHERA—MER K&K
(Normalized Difference Water Index, NDWI) , NDWIFIHHE AR T

NDWI = (Green-NIR) / ( Green + NIR) (2.10)
K : GreenyLandsat 5% Y % BL R 47 %, NIRJ LandsatiT 41 Sh K BUR 51 %
NDWLE — B N H F KX 47K RS 30K R85, 7T LA SR BUHE W A A e
AR KL
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BB RMESERARSHERERREREEAN TR ERE

i

B=F HPRSEFRSHUERRRREENSFIER

BT AEERSIM KR EHRZESR, Landsat 5. 7TFISHIHE R 5T R M AHEAE
—EWER, HF24TLIF, Landsat 7FLandsat SR AIFEEREER,
XEEEEEET 2 EME (Roy %., 2016) , HIt, AHFF K Landsat 7FI8HEE
X FFRAME R TLUR EAR A . BT Sl K R 58 & 720134 L K19,
Landsat STEZE ] BX (N G0 2R, TCVEMOL 24K, MLandsat SA7H B 2 8] R
BHMHIZER, Claverieds (2015) LbEL T 5 % H1400008 Landsat SFI7ER,
RIVEANITE0% LA F IR Al LR GFHOITED , 5 H it B8 %G 98 & B R () 48 4k,
Fiy AASHfF 4 8648 F Landsat 71l 24 AR HY SR /I8 Landsat SE2 & FITLIE

fEAZITH, Landsat SPITLIREBR R P B8 S Landsat 7AEML, [FFRATE
#Landsat 791 3K & R I TL L A 2L Fr) 14 e

3.1 ¥HER R AIRIE

ATHETLUREFREERRKRE, T20215F6A6H EFR BT 430,
REES18SEE G OGIEAL (R3.1) M MR KEME T =A%
18, fS5landsat TRARKIBEEHEAT T LB (31D o BT KIEREEEDET
WIEME LT AN ER (B34 % 2010) , Fr LA LandsatS 1% B 7T oG- 41 b ik
BAEATLIRIEM A SE . RIS St i 848, KIMFES70 nm#A810 nm
ffiH RATIE, 7£674 nmftir AR U, FEHEB (Green) -B (Blue) . B
(Green) -B (Red) . B (Green) -B (NIR) B ZE{EFIB (Green) /B (Red)
BB EEABA S

# 3.1 SISSHERMBIRNSH

Table 3.1 Parameters of S185 high-speed imaging spectrograph
2R T KRR Heik o BEXR

S185 450~950nm 4nm 8nm 125
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BERER  BER AR 32 BRAR |22

S (%)

500 600 700 800 900

F A (nm)
A 3.1 LR Landsat7iH BTE B (B RLEFRER S FIARR BB A FE AR ik
Landsat 78 BHITEE)

Figure 3.1 Measured spectrum and Landsat7 band range (Colored lines and rectangles
represent the spectrum of different waters of Honghu Lake and the range of Landsat 7

bands, respectively)

32 A RFEE

TLWEAE MR KRS, BF—EMieEd, @¥ki, ER—H
AF, BEMAKEHEFRRESRKBAMA, BERFRANTREREE. EAH
FLH,  FTAE A 8 Landsatif BLH 25 (8] 43 FE 3R 29 030m, B /KB IIES 21, 341
A A90mM*90mTE H N /K8 FRE&E R A/ ZESR, Wl S fELE T
SRBRT s AS PHAR B K BB, BT R, FRATTR F4 SR IEE SR AR i M i A S 14
BRITHTLIE R RAY (E3.2) .

22



R EME S ERRSHEEGER IR KN Ty ER

s 2 I

30m

30m

90m

B 3.2 AT IR (BRiA. B. CADSHLETEFRKFEABMHRD

Figure 3.2 Sample expansion process(A, B, C, and D were assumed to be approximately the
same as the central pixel trophic level)

BT KRN SR BRI RERL 2D DEFEEEER, TS MET
AT E ML KRR A BITLIR EER G, XHFARIR AR ES@m. Kk,
KRR T E e AR, A LURD St /s, 1B AT LASE Nt A8 & . [RIAT,
TEAH 58 b B B RO A2 1) 25 o B 22 A R A | 2 — Fh R IR 3 ) - 52 56
BAL, HAIZRR B R BRT SEMK IR R BEMEE, AT 7k L
WM EEMEENE, WIIGEERZ, EEMIZEZBE (Mullurfl
Messac, 2006) , MIFRERE InfeE .

3.3 AREFHIEEFE

HTEEZRERE. HBRNEKEIRERNRW, EREKAEE EW
ZAPERE B IE (Liu %5, 2021) o Xf e 2o py G176 A9 2 BT 7 o & B
(RAM %%, 2019; Zhang 3%., 2019; B 5, 2012) , ELAFESEMK. HLRED
B AR I R Rk —REBIRAR, MEEBFEFRMNEBEH &, #ah iR
EEEKEREREH IR, BT EZSEE. LR, #MiEPrR Rk
B2 AR R FAMahELRERRTGE L RIRE S 2 BB B RKA
FIZEF AL BRI (Ji %5, 2021; Chen %, 2020; Bejaoui %5, 2016) , FTLAE
PAAE BB S0, 3 35— B U0 B 8 ST /K B R IR AR X B0 iz e i U]
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£F Landsat DEMIE 20 FHME A BERRSHERNSFTERTS
ANBEAET B A T A BT AT KRR . X B TR A, A\
REABREBRASE, WRIEAE B F 10 1R i MBS A i LA 3,
HEPRRER MR, AMABERL AN —ENEEEANTLUERE, Ff
CITEMR NS R, R T IR BAE B4, [FIRT 5 B I\ A< Hh [F] 4 i < B D
KAEIEERAREF, URBEKEEHEMERFRAERE. 287, &
BAFRIERBR, Liudg (2021) FIAWE2SHEWE T BN H# E KR
SHRERE, FRREMEREKIREREN A S HKEINEEF, SRR
B, SEGRKEREBEBERL, IMAKSENEIERINEELY, HIUBEEE
Rmm. RAIINT A H 7 2pE N R KU R R F 86 RT3 57K R
RIBERIFE AN, & — P S0 A K P8 R R v A B T B
EEESRAKALXEEK R AR EE T — SR G BRHR, Fred
A 0K BB 1 5 IR 30K A vk 8 SR SO AL (E B I BB SR /B A TLUR IR AR R
FREMKALLARSH, SBREBRRGEEE— BRI NREEAT I
2.

3Ty+2Ty+T
- (3.1

T =

A TRERE PR TVRBUKCEDE, TovBERRBSKAESE, T8
—RABBK L EGE, TR R R B AR -

3.4 TLI RORREIFAAE

RIMZEMA ML (Radial Basis Function Neural Network, RBFNN) & —F#
YR RFIRT MM, BB REREIE. GRS, 2 RS0E B R &2 R
W /ME R SR, RN OEFRBHUSHEME. 1212880, FRMEG A
UURGRRI BN, T HEIRANES, ET i8S (R, 2013) .
Kok, T RBENNR R RIEKRS LA TH (Liu ., 2021; Zhou 4.,
2019) .

3 TRBFNNMITLIR EHEELE BRI F -

(1) RBFNNHA! {5 A S50 655 Landsatt B2 s BB R ST RE . KR
KA EHE, Wil SEOVENTLHE (B3.3) , FMERATE S 507 i [EF0 2 ]
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BB PGS E RS ERERRERE R T R E

bR,

(2) Landsat T8 BT XS BL R K BB L 1132245, B HARYES: 109ELH 3 4
WEHIREMBAEHIEE . FREBIRIE ) fa. by oFIdPUA, WR31FTR.

(3) KGR ANMAZHERMES TP R- 121, 7TUMERFALEM
(5] o B T $ e SR FE S R AL e

(4) FIFARNENNAHIX (a) « (b) « (e) « (d) PUAERFEIT I,
FF A E 2E (Coefficient of Determination, R?) Fl1¥) 5% % (Root Mean
Square Error, RMSE) RX} AN E#E A 2 i tH I TLHE 5 SC i TLHE ST AE FE R 58,
RYME# S, RMSEEM/N, 00 RIEMTLHE BTSSP TLHE, #52YE F
IhReFaE, RZBEBMEREZE. RZERMSERTFE AR WT:

2 _ SSR _ cov(x,y) 2
R —SST_(Jny ) (3.2)
1
RMSE = ;\/Z};l(xi — yi)? (3.3)

A nEEAEE, iINENEARS, xFys RN REMTLHEMSSITLIE,
SSRAEIFFEFHF1, SSTAHLFHFl,
(5) WMERBINHRMER, RERBIHEBITLIS A E.

N wae  EEE

hy |
mma, [ { EmEstE 7 M|
SR\ —

h3 [ -

\ T YT

i | | )

Camo, @mma | (=m0

—

E 3.3 B pEtaE Mg iR 45

Figure 3.3 Architecture of the radial basis function neural network (RBFNN)
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Table 3.1 Different TLI retrieval models

# 3.1 AEMTLIRE#HE

RE

FAYE

FEAY 5

SEAK A HE

a 322 7 T
b 322 x A
c 1610 H I
d 1610 H A
N | +
3.5 TLI RIRIRBEIHE R
- : - 80 =
o %k ngg(a) ’ VIl #R(n=242) &K’J(b) &
o i ® o Rz:‘”‘j : - "
L 1 RMSE=48
H(n=242) o § o RMSE= 81 -
R=0.562 e e
RMSE=6.01 "‘
60 L4 0" 60 -
& o
= E
& = .
“«
40 40
7} . / Ed .
7 e B (n=80) . 3% UE(n=80)
’ R™=0.154 7 R*=0.368
o L Jline 1:1 RMSE=10.237 “line 1:1 RMSE=S8 064
20 T T 20 - T - T
20 a0 60 80 20 40 60 80
S MTLI SR TLI
80 80
7 7/
VI#i(n=1210) K%Y (c) © / W¥i(n=1210) B (d) /.
R2=0.638 - R=0.811 o 27
] RMSE=5534 | 1 RMSE=4003 g ' ®
® £
‘ L ]
60 = 60
- ig! -
= E
40 - 40 4
7 . ®
4 ] B4 (n=400) 4 . 5 UE(n=400)
7/ * 2 7/ N
R=0.614 r R3=0.738
s 11 RMSE=5 687 Mg 111 RMSE=4.722
20— e - - 20—~ r '
20 40 60 80 20 40 60 80
SEITLI SR TLI

3.4 ETARBREKNLH-RETLIERE

Figure 3.4 Scatter diagram of measured-retrieved TLI based on different models
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(b) M4 71M0.368F18.064, T 1:14%, HEEER.
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FREEH T RETLL, H— 4510, BA (o) MR () L THEY ZLHE,
BREVGHEANEE LEERR, HERIFNABEEERS, HEHEEL I
2, RULAFEIMRETLHE R SMTLYE, HH T HREKSEIRER,
RERE AR 1 RIETLL

51 () AHEG, B (O ETLIREER HIG T SIEFKAEIEE A
YREAF, FEAENNSGREEER, S () WIEFARERA g, W
FHREEIL 148, RIBRIEFEAS S MRMSEMILE, TOAMER TR Z K
KNS (d) <8 (o) <MEA (b) <A (a) . HANEN, MEAIIEREE
*E, B () BRERD, HRIEHFAKR>50.738, RMSE{EA4.722, &
ERTHMER, 4£RERY, HFAT AT ERGIUERER, FEEK
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4.1 H5H TLIZE SR

BIRE=2EIANESEE T RIBSKMEE, X232 THAT R
MR (d) , RIETHM999FI12AZE2021F10AMTLIE, REREFIETN
BT, WE—F12AFE2ANLE, 3AESAEANES. 6HESHNEZE. 9
AZNANKZE. BTFHEBEARRS KO KEBEERKAEEER (WEMH
WEH. FURS) MER (FRE%,2019) , WFkiEa R eaERd, Hk, R
EEAKGTTHTLL, SREH, EBTLHEE10-902 7, KZHLE20-702 /6
(E4.1) , REFBEELTFHERNREEEEFRRS.

ME41KE, WK BRE2000FR0E ki, BERNE, BEE
RIEHEA MERAREE. o, RS EEREIKRLERNNET, B
EEMNEE, KEEERNBREEREEEKET. ETEZTHFE, 2000
FA2003F B LK 200146, 20045 . 20165 2019FF20204EHIFKE, 7
WITEALER K I T RKER KR EEFR AR, MEHKRNEERNEE
BARMAXEIR, JFAEWKOKRAXRE, EREEEFRERME SR,

WIEEA15%2.2, SHHBIMRBTLIHT ST TEEFRLCRSE M
Borth (E4.2) o SRRY, E2003F LA, BEKREZEUSEFAE, B
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67%. BE/SHEIKRBEI—EME, 7E2006-2014FE 0], &EFRIUAKEKF
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., MERKFRCEEERA, KEUREEEFRLNE, THEE2018FFH
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4.2 Ht# TLIBFE) S R 1E R

STL (Seasonal-Trend decomposition procedure based on Loess) #&— F i [&] 7
B i TiiE, T ZI I TLIR IS (B 73 D9 1T (seasonal component)  #
I (trend component) FI5%Z W (remainder component) (Cleveland 5., 1990 ;
Qian %., 2000) :

Retrieved TLI = Seasonal + Trend + Remainder (4.1)
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Figure 4.3 Temporal variation characteristics of different lake areas

TR ZERMEN S, P ACE KA R KRR ZE, TLINEISE M X
H, FEERAIAR RS SR KRBT, TLISFE(EARSTER, 3 Fhok 5 25 57 AT g 2 1
Tt 305 DO R T IRAR S, JEMAWIX R, KEM R A Tk K HER
T v i R S S T K R AR R, B RS Dol ARk H AR X 4 (L
5., 2019; GuiflYu, 2008) - WFETHAILIE Y, W BHEETLIRG, K
W%, ZERM, MELHMEHAKEKAKERE, £ERT, RILKRE
FRRRE, XFKFBIF. WEBTATUEH, BBKERET T =M B8
&AL, HIA20005 £20055F, TLLEAIEM, B#/KEEETI; M20055F =
20134, HOHKBSE L, XATRES2005F LR “ BLBAIE Hh AR Fik R
WIRE” MEAX (JFRE %, 2019; Ban %., 2014; Mo %, 2009) . AT, 7E
20135 L, WK BRE B, BIE=F (2019-20214) BJFITLIE H960,
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BRI IR ARKEKHE, HEMEEREE. AL
SOFEANLAR, SREIED T3 RAMER BWIERH, [FnS AR E SR K R Bt 1
RMBIEE, IMERZIMEE T HBES RS, KRR KEE g6,
SICEERZE, EREA— 1 HAENWE (784 5, 2019 .

20005F AR, E—RIIANANERE[REZERRWEWET, HHMEEFRNER
AR, (H20135F 0k, M EERNEERH MK, BERLFHIER, K
BERMANEFENM R A EZE, 0SB E E R URLRT R
B (E4.4) .
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Figure 4.4 Honghu TLI Trends and events from 2000 to 2021

(1) EMNF=5E

20t 2880 AN T A, BLA S T EIMFREE, 2 B M SR AR
AR, ATCApIEEmE RN . T H TR FREN R A RS, 2014290
FRUGE, RERABALS, Al “BEMRXZE” , @FEM, FHEIVITHEL
FRE, BB EERSRKBANRKIEWENFRE. 7200055,
W N FREIR RE & Z, E MR S EAKER70% (MRt 5%, 20100 , BEZ
1SR B2 M ERIKIG Sy, KAEMRE RN B MNFRE BRI 7 UK E

38



SIS PG A BRSO T A A

MARRE, BTHROEETHNFEAR, BRHENANT R, PR
WA ERSR . TUKED KA E TR, FERBUNER
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5.1 XFELR

A AETREEMEMEHER, R 1785 Landsat 8 KK T 20004 &
2021 F I ME A EFRREEE, oM TR EERUEENN BB .
AN FELEREH:

(1) EHTLIE BRI, @S EREBMARMA T FP HREH
KOLEHE, HABEMSTEREAUGH, THEER®T THREMBEE. =5
AT DA Atk g B 1 1 e Y 9 3 R K R TR LR AT R R R

() FRTHEAY RN ERBEER, BATS, BE8KKE Rk, R
FE3 08 To AR AR SR AR N BIK R R AR R, KiE g n T PR
RIVISRRE A RAR, M Schig e i B tH LS HL & 1) R, SR THIRI RIS R
MR eS8,

(3) RELERTE LBR, ST S 3R KK R R, 65
KEBHMNBRE, BdXCHERARKRAN, RERTRETILHFEEREZHRE
PAR AR I A KIESY .

(4) MEHEFH ERE, BN EERMCEEFEHENSETHER, )
BERXEUTLR S, TAZTLHEMANRK. H 200042220055 3 # K 5 Fia
¥, 18T, 20059220134, BBIKREAEETR, HM2013FEZE, #
WMEEFRMABZRIHMR, KERERNL, CHREEERMUBEETNTE
BEEFRLENA.

52 FEUFS

A EEQFT R ATTER AN T

(1) RETEFRAEME NS SUE N TLIREER, 54&4%0 W
AR R RS RAR L, SEETLIRESEhAERAR AT ASNSE
FUKBIEAE, BERS TTLIERREHEEKREE.
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(2> T —MTHAY FRTTIE, Kigsthigin 782 gl 254 i,
MR ROt e B B LA R, 5R TR RIEE R R E L 58 EE.
715 AT CAFE LAt P Bl o BIK BB AT HET .
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— TR
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FRIHE X
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