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ABSTRACT

ABSTRACT

With the rapid development of social economy in the past 40 years, the inland
water resource and environment in China has changed dramatically, and the water
eutrophication and cyanobacterial blooms have become major problems for most China
lakes. The historical information about distribution, variation, and multidecadal trends
of surface water and water environment were documented in remote-sensing images,
which could aid in water-resource planning and management in national and global
scale yet is not well explored. The water transparency (SDD) reflects the light
transmission capacity of water bodies and is an important indicator of water nutritional
status. The impact of SDD variation on lake ecosystems is significant. The increase of
SDD will bring about the enhancement of ultraviolet radiation for plateau lakes. The
effect of decrease in water SDD to lake ecosystem is multifaceted. On the one hand,
reduction in SDD could enhance cyanobacterial dominance, more phytoplankton cells
will migrate from deeper to shallower water column where light is relative stronger,
indicating that more phytoplankton cells would aggregate to the water surface, thus
increasing the possibility of cyanobacteria outbreak. On the other hand, the decrease in
water SDD will affect the photosynthesis of aquatic vegetation, which will further
deteriorate the water quality and alter the lake from grass ecosystem to algae ecosystem.
Based on Google Earth Engine platform and Landsat series images, we detected the
spatio-temporal variation of lake SDD in China. Combing lakes’ surface variation,
climatological data, vegetation index (NDVI) and human activities, we elucidated the
driving mechanism of SDD variation. The main results could be summarized as follows:

(1) A continental SDD estimation model for China lakes was constructed and
validated in this paper. Here, we construct a general model for water SDD estimation
of China lakes based on water surface reflectance of Landsat series images and in situ
measurement. The model was then validated with independent dataset with R?=0.70,

MRE=34% and NRMSE=55%. The comparation were made between derived SDD
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valves and long-term in situ SDD from 32 regular stations in Lake Taihu and 2 regular
stations in Qiandaohu, indicating a highly consistent trend between in sifu and
estimated SDD. The higher accuracy of the model compared with other frequently used
models in previous studies, demonstrates the feasibility of the proposed model in
estimating SDD of China lakes.

(2) Long-term variations of lake SDD in China were derived. We detected
spatial and temporal characteristics of water SDD in non-freezing period from June to
October of each year by using cloud-free Landsat 5, 7, and 8 images and generated
annual SDD maps for lakes with water area >10 km? in China. In terms of spatial
distribution, the Eastern Plain lakes and Northeast Plain lakes have relatively low SDD,
with multi-year averaged SDD of 0.5340.17 m and 0.47+0.29 m, respectively. The
Yunnan-Guizhou Plateau lakes and Tibetan Plateau lakes have relatively high SDD,
with multi-year averaged SDD of 1.194+0.86 m and 1.08+0.83 m, respectively. The
Inner Mongolia-Xinjiang Plateau lakes and the China lakes have moderate SDD values,
with multi-year averaged SDD 0f 0.70+:0.57 m and 0.88 £ 0.73 m, respectively. In terms
of long-term variation of SDD, the Tibetan Plateau lakes and Inner Mongolia-Xinjiang
Plateau lakes both showed significant increased trends from 1986-2018, with multi-
year averaged growth rate of 1.1 cm yr! and 0.2 cm yr'. However, the Northeast Plain
lakes, Eastern Plain lakes, and Yunnan-Guizhou Plateau lakes showed significant
decreased trends, with multi-year averaged decline rate of 0.1 cm yr!, 0.2 cm yr', and
0.1 cm yr'!. The China lakes showed a less significant decreased trend (P>0.05).

(3) The impact of lake surface variation on lake SDD was clarified. To figure
out the impact of water area on SDD variation, we analyzed the relationship between
water area difference and SDD difference of all China lakes and lakes >10 km? in two
periods (1986-1989, 2010-2015). The result of all China lakes indicated that there are
1,105 lakes with increased SDD and increased water area, which of 775 (70%) lakes
were in Tibetan Plateau region. There were 832 lakes with decreased SDD and
decreased water area, which of 250 (30%) were in the Eastern Plain, 256 (31%) in the

Northeast Plain, 234 (28%) in the Inner Mongolia-Xinjiang Plateau, 9 (1%) in the
VI
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Yunnan-Guizhou Plateau and 77 (9%) in the Tibetan Plateau. The result of lakes >10
km? indicated that there are 370 lakes with increased SDD and water area, of which
296 lakes (80%) are in the Tibetan Plateau. There are 140 lakes with decreased SDD
and decreased water area, which of 61 (44%) were in the Eastern Plain, 31 (22%) in
the Northeast Plain, 26 (19%) in the Inner Mongolia-Xinjiang Plateau, 0 in the Yunnan-
Guizhou Platgau, and 20 (14%) in Tibetan Plateau. Both the results from all China lakes
and lakes >10 km? indicated that the increasing SDD of inland lakes could partly
attribute to the expansion of water surface, especially for lakes of Tibetan Plateau.

(4) The effects of rainfall, wind speed, vegetation index and anthropogenic
activities on long-term SDD of China lakes were separately analyzed. The annual
SDD did not show significantly correlated with annual precipation in lakes of provices,
zones, and China. However, the monthly variation of SDD in middle and lower reaches
of Yangtze River showed similar trend but with one-month lag after monthly
precipation, and a significantly positive correlation coefficient of 0.83 was observed
between them. Among 696 lakes of middle and lower reaches of Yangtze River, there
are 533 lakes (80%) showing significantly positive correlation (P < 0.01, R > 0.66)
between monthly SDD and precipation, and there are 139 lakes (20%) showing a
significant negative correlation between SDD and wind speed on monthly scale. The
annual SDD do not show significantly correlated with annual NDVI in lakes of
provices, zones, and China. However, the monthly variation of SDD in middle and
lower reaches of Yangtze River showed same trend with NDVI of the basin, and a
significantly positive correlation coefficient of 0.95 were observed between them.
There are 97% of the lakes in the region showing sighificantly positive correlation (P
<0.01, R > 0.66) between SDD and NDVI in monthly scale, which of 89% (617) lakes
show extremely sighificantly positive correlation (P < 0.01, R > 0.66) between SDD
and NDVI. Long-term variations of SDD are closely related to anthropogenic activities
in China lakes, especially in the East of China. There was a significant negative
correlation between lakes SDD and night light data in Eastern Plain, with a correlation

coefficient of -0.45 (P < 0.05). In other regions, there were reverse trends between lake
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SDD and night light data in subperiods, e.g., Tibetan Plateau (2002-2007), Yunnan-
Guizhou Plateau (2000-2006), Inner Mongolia-Xinjiang Plateau (2000-2009),
Northeast Plain (2001-2008; 2009-2013), and China (2000-2009). Specially for
Guangdong province, there was a significant negative correlation between annual night
light and SDD (P < 0.05, R <-0.44), with a correlation coefficient of -0.55. In addition,
the annual trend of night light is opposite to SDD trend in this provice.

(5) The impacts of climate change and anthropogenic activities on lake SDD
in five lake zones were comprehensively revealed. The mechanism of SDD variation
varied in different lake zones. The annual increasing precipitation and the accelerated
melting of glaciers caused by increasing temperature lead to significant expansion of
lake water capacity and water area, which thus causing increasing SDD in Tibetan
Plateau lakes. The annual increase of SDD in Inner Mongolia-Xinjiang Plateau can
partly attribute to the increasing precipitation and decreasing wind speed. The
expansion of lakes surface from accumulated precipitation and inflows from upstream
increased the SDD to some extent. The decrease of wind speed reduced the disturbance
to lake sediment which further increased the SDD of the water body in Inner Mongolia-
Xinjiang Plateau. The rapid growing night light and population in the Northeast Plain
demonstrated the increasing intake of water resource in response to population growth
and human activities, which also leaded to a decline in SDD. What’s more, the
conversion from forest land, grassland to urban land and cultivated land in the basin
will exacerbate the water deterioration. There was no significant correlation between
rainfall, wind speed and SDD in Yunnan-Guizhou Plateau lakes, indicating that climate
change is not the main reason for SDD decline in this region. The Yunnan-Guizhou
Plateau lakes were characterized with long water exchange period and fragile
ecosystems due to few outflow rivers. The long-term irrationally useage of water
resource (e.g. surrounding lakes for farming; generating electricity by releasing water
and discharging untreated wastewater from agricultural and domestic into lakes) may
partly contribute to the decrease of SDD. In Eastern Plain lakes, the increase of annual

precipitation and the decrease of wind speed did not result in increase of lake SDD, the
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annual decrease of transparency, water area, and aquatic vegetation and the annual
increase of lake eutrophication demonstrated the impact of human activities on water
quantity and quality, especially in middle and lower reaches of Yangtze region.

Key Words: Google Earth Engine, Landsat, Secchi disk depth, anthropogenic activities,

climate change
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Fig. 1.1 Distribution of aquatic vegetation in China (Green indicates a decrease, red indicates an
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1.2 ERMERARER

12.1 HEFZE

R L EBBRHEN WK B EHE#HITHASLT 20 #H4LD 70 £4
7], RAEGR, EANEBRETOIBEE, BTBRYEN G, K
1 2% T 8 /R I 5 3R B o K A e 0L 470 VR 188 T 84, RS 40 D 3 4 BEL
ARG HEN K, #HMSEHMERE TR, FHEETLRREMIEL
A1 B IR R R AT AR RO F A S IR &R, T LLRIEAR B AR E
FMEXSHEELE. BEM AL, BHENGETERERITE. E007
BERGHT T .

(D ERHFEFERFHRM, —MRUEERYE CBRRHERFHFEK
W) SEHERFE SR, KE R BRI FEEE K
EEENREER. BFREERZERAS (R 1.1) . Liv F2IE T MODIS
LU B T A M 364 A 100 A WL LW E B B R E A, JF
STiZWAEE 2000-2011 FWIVEHE#T T KN . Zolfaghari FIET
MERIS F1 52l 45 #4827 Erie Wi3& B B Al 5 0 AE F 5 (Rs(620)/Ris(510)),
F F iZ BB Xt Erie ¥ 20042012 FiE W E N = BN FITHTH R
Kulshreshtha ZBYEF MODIS-Aqua £ BB AT RS (R(443) +
R:5(490))/(Res(555)+Rs(670)) ¥ 8 7 Bengal /KA EHE M EET,

HMERFTERETENRZERAY (K 5FZWERNXR
(SDD=q/Kq) , BT K MARMGEE U RERAEE Ka IR RE B AR E
SDD M HM . KaWER HERBEY K SRPRBERZ KB BERNHA—
B K5 = P BB R X B R AR B B3, Austin SFPNREE YT CZCS B
GHREREKERELENERRRABZANERRR, HET Ka(490)
BRI MullerPPR\EERPWH FTEBERABME LB KERE
BHRBGEIE T, BT Ko (490) 5 Ly, (490) /Ly (555) ZAMI4ETT%
%, HLLHA/EN SeaWiFS B W S B Morel ZB4PIE LB T IERKR KR
SHEEM MG RIRER SRR, RJERIEMN SRR RS Z A REH
EHXALNEHENERMGEE. BERHE, S2ROTENSES THE,
SHFREMHFAXE, HEEERR.
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Table 1.1 List of empirical models for SDD estimation

R 11 ZHELRMAEERTR

KEEALE " B R? N Z
%
X
R

Southern Finland Lakes (L488-L748)/ (L667-1.748) MODIS 083 85 (36]

Gulf of Finland and (L531 1.748)/(L667 L748)  MODIS 0.61 107 Db

archipelago of Turku

coast

Southern Finland Lakes (L488-L748)/ (L667-L748) MODIS 079 25 (36]

Southern Finland Lakes (TM1-TM4)/(TM3-TM4) Landsat TM 0.81 &5 (36]

Gulf of Finland and (TM2-TM4)/(TM3-TM4) LandsatTM 048 107 B

archipelago of Turku

coast

Southern Finland Lakes TM1/(TM1+TM2+TM3) LandsatTM  0.71 192 B¢

Southern Finland Lakes  (L490-L754)/L620-L754 MERIS 0.84 85 36]

Southern Finland Lakes (1490-L754)/L620-L754 MERIS 0.81 192 (36]

Finland Lakes (L681-L751)/(L702-L751) AISA 0.87 103 B7

Tampa Bay K4(490) SeaWiFS 0.67 80 [13]

Lakes Erie and Ontario  nLw555 SeaWiFS 0.72 306 [38]

Lakes Erie and Ontario  nLw555 CZCS 0.70 94 [38]

coastal area of Tripoli axLn(TMI1)+bxLn(TM2)+c Landsat 0.54 35 (39]

(Lebanon)

Minnesota Lakes In(SD)=axTM1/TM3+bxTM1+ Landsat 0.78 6216 [0

c
Lake Dahuchi In(SDD) = aXRyred MODO0SGQK  0.85 -- [41]
Lakes Chagan, In(SDD)=a xIn (TM3/TM2)+ LandsatTM 091 11 142]

Xinmiao, and Kuli

b
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Lakes Chagan, In(SDD)=axIn(TM3/TM1)+b LandsatTM  0.98 7 “2]

Xinmiao, and Kuli

Lake Bung Boraphet In(SDD)=axTM1/TM3 + LandsatTM  0.81 16 (3]
bxTMl1+c
Lake Simcoe axTM1/TM3 + bxTM3 +c LandsatTM  0.74 -- 4]
Minnesota Lakes axTM1/TM3+ bxTM1+¢ Landsat 0.83 280 ©
ETM+
Minnesota Lakes LA90/L665+ MERIS 0.83 229 1451
bxL708+cxL754+d
Minnesota Lakes L667/L678 MODIS 0.77 7 (431
North Sea and the Baltic  ro/(Ka(v)+c(v)) MERIS 054 -- [46]
Sea
North Sea and the Baltic  ro/(Ka(v)+c(v)) MODIS 0.57 -- [46]
Sea
North Sea and the Baltic  ro/(Ka(v)te(v)) SeaWIFS 0.60 -- [46]
Sea
Mondego river estuary  axRys 469/Rs555+b MODIS 097 -- [47]
Maine lakes axTM3 + bXAvgpepth + C Landsat 5 0.79 -- (48]
Albufera de Valencia axTM4+b Landsat TM  0.92 47 (49]
lakes
Friesland waters In(SDD) = axIn(TM3)+b Landsat TM 0.81 9 (50]
DN
Norfolk Broads axTM1+b Landsat TM 0.69 9 (51]
DN
Minnesota Lakes In(SDD)= Landsat TM 0.76 94 (52]
axTM1/TM3+bxTM1+c Ltoa
Finnish Lakes ax(L521-L781)/(L700- AISA Ltoa 0.93 102 (53]
L781)+b

(2) ¥ TEUKTREFEHERAEN, B2 N ERMLEN
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B RS R RIEEEAS CENLBURY . THLEURA UK T B
B 2 1 (R R SR S TREL R B0 MEB B DL R AR KR S 305
HFESHWXR, NSO KEBHENRE. MLERFE, ZHER
B ENLE, RZHMBENE LR, BRI E RS E R
MARTAERKNER. AT, OTF 2N BEENRS, ZHE
FIRESHUIAE MR & TR IR, HEBE ZRA. B
SO W7 R R T Gordon 4R Ky i X, WS M E W, MERE
BH¥E, REME K SKEEBREZERNEN L ZENERGY, 3 Ky
B8 X

1 dEd(z)
E,(z) dz

K (2= (1-1

A, Ed(z)?wkﬁu? zRELRRTITERE, Kd(z)?'a7J<E§ z IR

&4 I8 I R B . Lee B 5518 i v 4 #7 B 7% (Quasi analytical algorithm,
QAA) HERRFHUMERIRKABME AT R, ASETENE
WA, @R RGN R AR &M, BB R AREE
AL B L 3T E L, Doron %PSE Lee KT H LRI ZERE 3 — B i1k,
F R 709 nm KBS RBNERERSEELME KRR, A
F1 490 nm A 709 nm #& 8 B RS R a (4900 F by, (490) , #ETSE
DNEBEERAHENEHENBRMGEE . Wang Z07I% Lee R4 B EBHITH
#t, FoBIHEMRAKEMBEEKEEAEMERRMGERE, B RBE
BN E, F2EE RN EH TERKEFBEG K. f5%EELIREAEK
THESERMER, UHGENBERVIREAMASHRE T THKERE
HIE ot @ B ERAE R (1-2) , FIAZEEN & XL R a7 53 ERigKE
EWHEHRTERE, FaKESIAERX, BRTKPIFRYIEFRBTES X
RERBEIESmBEEMNT .

SDD = — L (2% (1-2)
4(a+b,) CR

A, o by HAAREAE N ZE, FHEIEMRAAHZER. &
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BYREITTER/R, o g oR KT ERITH MRS RE, pa NEW
BERAEKENRHEE, C.RUESH, RAKGRERTERE, REa
A by B B HL

Doron %5161 4615 B B 2% 7R J9 18 5 3208 AR B R R el R AR R IE

Yo

Zgy=—"0 (1-3)
PK,(0)+c(v)

K, (v)+c(v) = 0.0989(K,, (490) + c(490))? +0.8879(K , (490) +c(490)) —0.0467 (1-4)

AHF, Ko (v) e (v) FRIRTTHNENZRABARZERRE, 7o
NEBERB. NTHEITHE, Doron FMILL R (490) /R (560) &EHe 1/ (Kq
(490) +c (490) ) , FH 4 HIS A F MERIS. MODIS 1 SeaWiFS £ #&
b, KEMESHAXEHEHRT T MAE.

Lee &BL SR FEGFERMBEMNMBZNEMEFRRFER KK
B KRR (R 1-5) , FFAEEE. B RN KK TEEN RIE
MBBTRIE, 2%, EEANEERS.

1 |0.14—R" |

Ly, = p In( T
2.5Min(K ,(443,448,532,555, 665)) C

t

) (1-5)

R, Ko NBHEREY, CT RABRMKESE, RN KA/

B BT 16 Y e S B B 18 R R T
(3) A FERETESEHFTEREEEBEE S KEE %A
HHER, BERMEESERTERERSEASOGE. BRERY
EURMBEBERAERENRBEEFEH TR, EEEET— KRB S
JERE, HPEA KA R ESIRE. BEEER. KERESER. &
i HEROAE B AR T ) ORI AT, 3R BB IR MRS, X e BT X
2B 4 K 5 B R R AR I 45 B . R I 1 U R AR SR SR A AR S A
— 451 3 1IF 380 9 [ A R 2 LS 35 kR 0 B R T AR A AL B R AR B 4G
. MFEMRE, BRI EERTES S, EIEAMLES
B B 96 B A AE 2 IR R R B B/ - S T T R S HOYE BT B &
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%, AR AE AR, BAEE ERERE. R, BHFRIIN
KEBHEHUERZHERWEE FEN R RE], 750 BEE SN A S
R
122 EREE

FEHEMERAMEBRREAR. LNELESE. KaEEHE
DAR oA TE#4E. L& sk BiE RAERERLE o F, 7T RBUK
RELKEE L, MBIPUORR BRI BT, JFHRBUKEE S K4
NIRRT 6 45 B A T BUAH 43 RO IS A AT R AR S AL, R
ERFAMUF G, W AR HLER BG4 AT BLR] B 3R BUK 4=
FEGMEMRTELNEE L, RETZHMNARR.

RE EEBIHE BRGNS B A KRB RS, Lty @ KA
FE W E BB EAEL . Harma S0POE T HLE R LG BER L AISA 3RELT 35
=AW AR AL I R KR B R R 2, W T o X B R R A
A, HRFAT TM. MODIS #1 MERIS 8144 . Koponen ZP3IFEFHE T
AISA FREUMZFZ WK BRI E, LN EHERBFELE T M
XZEHEBRMEEIERE, HENT ZHXEYESERE. Thiemann
S T sl BRI B IE M E T E Mecklenburg 8 X 1% BH £ 8 U 2,
MABEREREE, hERHN 0.99, HEL KB ZHEEMATEE CASI
R KFI T HyMap M8 = 64 RS, ST 2 X EWERNZ 5
AT o

PLER R 1B A BR R SR B K R B e e iy ik i 2k, N Be B R B
IKERSRIE, RTMIRZFEEFDR, R, IEREEERBERARS, BT
SR R, BB £ A R MY AR IR T A E R RO E R .
B EEFRNE L EREMNEHELNESN T REBKERE
BRRE. TRESOIETRELNSLIEERRFENERAEHENE
T 490nm. 555nm A1 670 nm B KA LA AEE, HFATRREBERE
BRAEETA. RALEOCIETRNE S ERENEAERE, 2 TE
THMBEREMERBER. BHRIEEUREE MG, X RERE AT
THAERMXT AR . BB ECIETFREFH R IE RS R 5NN AAE



#F Google Earth Engine FI 3R EWMWZE Y ER 28R K ERE R

AESEIEZ AR, WET ZHIX & E R E. WELER—WH]
SRR Rl BB A . PR S SN I 3 AT SE W B Rk I 5 5 K A E B R R R
F, RSS9 mm A BRERFEEZFHEAFRIFNFRYRR, FEK
Bl P E T IR EKE RN E R EER B Eggl 5 &
BEHBERE—. ZHES S SENERE#THEXST, KAET
THESNIEBRINEHEANEENEERS, VT ESEREHES
FIEBBRRERET —FFHE RERECIET mOCIE RS R0, &
PR BB A AT R, e B FRREBPENEFRRE T RIER,
SR EEFRRESFITIEN, GRER, BT RGEHERE LY
EERNBEENRER S (r=0.88) . 5 & £ E07E T 18 2 ;R Ka(490)
FARERER ¢ (490 5BRRHFEBWRR, B TEHTEERREK
BRERESTEE ., ZFECIFRREE. BiE 407 AKWENE 58K
RS ESTERIE, P T AR AERE . BIENEAE. AREEE
BT LGS A TR MODIS IWRERRHER, BXTILRESE
B A A

LM E IS RERE R ELN SN RN SRR TR
PLK T B B RS G R U B, B S S SR B B AR IR, W
PAA R B RSB, AN L EBEBRIUKAZEHERES X,
BERIRERS W EEHETEAR KETELE, Mt TEHEL K HAi
DEHE. 2RE-FKEEERNT 1978 F, HR = 7 SEEHEHN
CZCS BETFRE T KEBEBRKFHLIT. Binding ZLP¥ETF CZCS 550 nm iE
BT R T R E P RIE R RS A, 7R AR xR K
TR B B BRI R 2L EAT T 08T 2R, CZCS HIE L R =M 4 HRE
REHSHRHEBR, BRANGERE, R 7T ZERBEKEEBR LN
N . BEEKEERERNAIRS, RAERENNESPR, Hilko
REKELEMSRFAZT, HPEFE SeaWiFS. MERIS Bl & MODIS.
Shahraini 257015 F 3% B9 B SE W fE F0 SesWiFS T E %, ME T L 681 nm
#1560 nm BRERET R ILEALEREHEMAEHRL . Chen FIPIEHEET
SeaWiFS $U¥E x5 [E 3 iF % 3% B B2 B 18] 28 4 DA R g ma ML B 64T T 9 90
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B1E 7

eil3

Doron %4513 T SeaWiFS. MERIS H1 MODIS %3 # 490 nm 1 560 nm &
BEMEESRTERKEEAREEBRMGEE. Guan FHILLTM 1. 3 BB
BN RATEWET ME K Simcoe WiKIFEHFEBRMEHRE, £k
E b L4y H T Simcoe W 7K 443 B3 FE I 25 4 A K 52 W R & - Knight 1 Voth!™!
ZF MODIS (58 1 1 3 WERER R FEHE T % EH ¥ e 7714 M &
ERAERA, EhEM P T ZMX A EERNAEE. Lesht 5
[215 T SeaWiFS 1 MODIS ##EMH—HEKE=RE (nLy555) HET
Michigan. Huron LAX Erie WARIEEAEMAHEHEE . Fukushima FIPIET
MERIS #HEHE T HAE EFRMUE/KBHE (Kasumigaura) & F K iE 3
SIEE, FWNEMREREKN EZMETHA. Alikas EUIET
MERIS ##E FF & T AL B ML R K BB B B BB R, 2 T A
F&WER, ERBEANEZ KRG ERE, SRRARFHTRIEK KK
BHENHEBEEERERMGEERE. Crooke &1 F MODIS-Aqua $#E
645 nm EBIR XS R T Chesapeake Bay 7 F % I F B A H LK E
B, I % X K A i B B AR AT (R AR L AT T BE AL . Politi &SR A
MODIS Terra/Aqua #(3E PA Vanern. Vattern. Geneva #1 Balaton 5V N B
FIXAT 46 T B LR EREAT 7184, £ R3EY] Dekker (1993)

M AIBOFR] Sawaya (2003) AIDUFEEH & . Kallio F71E T MERIS #&
NEZEEBMERERT T MAEN K. Binding &FUNET CZCS.

SeaWiFS 1 MODIS-Aqua 3& & R it ZEH(#E (R (5500 ) #HE T Ontario
Huron #1 Michigan ¥ iE A A, @ id1X = FE4E IR 5 X E¥1EE S
BEKEEEL, RASHPEEHESER - HAHERMMKES, ¥
KZ 55N 58%. 49%M 62%. Corbari Z713F MODIS ##E Xt & K FliE
FEREHERTHENRT, RIAZKREPEZRMNERESE, ¥W
B0} ] R 2-3 R . Zolfaghari 2915 T MERIS F1 Sl B35 # 2 T Erie ¥
EHEMEILEEE (Rs(620) Rs(510)) , FFFIFH ZB A% Erie ¥ 2004
2012 EE B B BT W75 75 . Kulshreshtha ZB%% F MODIS-Aqua
LW B BIERB RS EAE (Rs(443) + Ris(490)) / (Ris(555) + Ris(670))

H#E T Bengal ¥k EHEMAHEBEA . Liu SP8EF MODIS 4063 B i&E
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# T Google Earth Engine K3 E#1HE W E R =4 8 X ZHE R 04

R AT RMIER T 0 N 364 A 100 2 BB RV VA BA BB R AR AL, 3F
X Z B 2000-2011 FFEHEHAT T KA EN.

FEE A, X Bh S B0 E 1 5 IR Hh X980 1 3% B B s 8 N ) 2B 3R 18
MODIS BEHFEE LT ERS EHMXBIH K AZHEERREER, &
REKH . ET MODIS £ B 1 B I BU R bR B0 21 78 % b X V8 30 R &
I, BRERR, FAFRFNEeE. NAZEERESIEREMAE
BRI [ 20 BRI B MW R MERREL . ERIES
BUF ARG ENER RS EMEREHBEY 7K TFERNEHE
EBRREER, R AT SeaWIFS. MODIS-aqua. MOIDS-Terra 2 MERIS
AR, RET PR PEME N E. B RS SEUE T o 4 5 08 BIE A
SLPFEHEEMET EATEEEAKENERESEER, BixER A
TS R I 3 B0 o a3 % SR B R AR DL A A T R KR OE B R = T e
fE, HEEGMRFERELHFIHRE, ARG, HEEFBEAERATEER
TR A4 F B BE B 2 AR AL AL o B S U SR TB30R B P A IR B B R I8 B AR
A MODIS #EE 5 25k, #HTTHABEAENERRENA, B
TEHERFRER., FRIEER ., S BRI RETEA ST
IR, ER2H, ZRBRENAETRERE. AEEEMETH
FHWE . A¥I BRICO MR EEKEREY-HESH, WEEHEREEL
SRBUZOK B B B, FR06 207 N TR — Kk 6 B E A& 28 VIIRS DA
7R KA E B BN A AR AE o B RS BSIEE T 7 6K P 38 9 st e
AE 2 HE R S R BAR MR THEKE A EE R EREL, 545 m g
DN REFEEHATHE, 27T ZRBEERILRFEESRNERE. Li%
(3612 F MODIS ##EME T H g /KR i%E B A AR, I 3% X /K 4k &
EHITTERGEENA, FRTUREBKAZEREKENEE. §D
45 7E T MODIS-Aqua iR H 456 QAA HIEVFME T T £ 10 Fi&
BA B AR AL AR AE o ] 1% SR 25 381F B SeaWiFS BB 45 & QAA E4r Wi Y5t
SRR KR 1997-2010 SFEFE I EHAT T BT, SRRFILFIREE
BHEEE MBS, MEEREFEZHEE TRBESE . Su SR TN
BN ZERTEHET & EHAE BB R EBAR, 2 A BT 2

\
S
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m

FE KRB TCET G AT A, R E—ERE LA TWHERE R
G % 1B AN B R

K TR AR KB A e /] #% % (MODIS 4 1~2 X, MERIS
N 2~3 KD . KSR (SeaWiFS & 8 MiEE, MERIS F 15 MiliE,
MODIS F 9 PMKBER) UERRAREEEMAEFERRHNAE . R
M, KELZEARETASHRBEMR, NEMAT /DX EKMEEHERE
Wil BRT/KEBTES, FHE KNS M IEE LT Landsat i T
E.HIEPEUAKEMBEETLE, Landsat TERNEBEH TR HFERUK
RBRIFBNBOER, FREAEKEEREMERERENGTEE T ZHN
Fi . Lathrop A1 Lillesand®%F| f§ Landsat TM £ &3 Bt %} 3¢ H Green Bay
Michigan #1% B 31T T 38 1845 BB 5 - DekkerPOX KT A T R & R 5%
A B BEAT A S 4, KRB 706 nm 1 676 nm J 5F R LM 3E 0 BB R IF
MIAH SR . Dekker PNE T 1 = & B 77 AL WV ZE B BE A Landsat TM &
BEBRRERNRXR, T ™ BB\EZHXEHEHENERE.
Harrington £ °213@ & 43 #7235 [ Chicot ¥ 3% B & Al Landsat MSS $ 8 & % B
BRREENXR, RUMSS HIEWE 2. 3HRBRRFENZHED
B U . Kloiber 210305t 35 EIE 500 /N IE 9 SE 938 B B2 A MSS. T™M

BRSO RARMEFEATHA, KU MSSFE 1 M2 HERERRNEL
BES5BE 1 EREBERRFENEERAGUR TME 1 I3 HEERRFNEL
E55 1 BRI RNEBAA T U T % X KRS B
& . Nellis FPYET Landsat TM 8 3 BRMWEBRRHBEHE T EEH
B 37 4 7K R 7K Ak 3 B R R A LAY, R X% K B K A B R KR TR AR A
AT TR . Lillesand & °51) Landsat TM 25 1 1 2 S BUB R R G R L E
NEESEEFHEEMIE 7000 NMBIEKEERE#ITT REFR.
Lavery &R F L LR IT 047, K I Landsat TM 5 1 F1 3 I B &%
R 2R 55 7K A4 35 B B T8 RO R YO V5 B8 #6 1 Harvey T B BUF HOAH G .
Nelson 2 07% F Landsat ETM+55 1. 2 R IBR RS R WA T £ HEHAR
M 93 NMEIHKAEZHEERMEEME . Olmanson FMIEF Landsat TM
M1, 3 BEMET EEBEBAIXMIE 10000 NETIH K3 07 5 fh B A,
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#T Google Earth Engine I3 E#IvHE B B 4% 5 KA R R 4

TE ML E AL B4y AT T B JB 75 Ak N W VA E BA B I R AR AR KB e AL .
Deutsch %813 F Landsat 7 ETM+#A Landsat 8 OLI #J & 7 Qaraoun 7K &
(BREMN-FLA) ZHERRILERE, Fo0N 7T EHEZLKIESE
F . Rodrigues FP1HE T QAA B L FF 455 Landsat 8 OLI 3B 7 B
F-REFRKEERE, ERRAHATFAKRENAR, QAA HEHE—F
REPFEMRBAKEZRFEOAE MBS HE . Dona F1INFE T
REFR-BEFRHEWEHITHE, FREZUEFA Deimos-1 I HE — 3
BB LG BT NAEEREE, Deimos-1 /8 TM B &R H T+ /0
KA B 7K B B3 . Olmanson 2510 EF Landsat K3k 20 4 {9 548 X 3 H 85
JEFRIEM 8 AWILA EWIAE S EHAT M. SREZWH, HEHEHEHAMAE
T P 98 YE Y 3 B RE IR, T A B A0 AR AL 5 WA YA 3 B B 80 - Bonansea 251101
% T Landsat TM A1 BTM (38 B9 4006 3 B DA R W6 3 By 5 40 ek B L E 4
BEFTIREH MM ERAE S O E AR, ZEMAFRIFHIMEERSE. Yip
ZUOIE T Landsat BB LR R G BBR U KIEAEERMET MEX
Diefenbaker 81 1% B fF B R H AR AL, B T ZAE AR i1 K Diefenbaker
BB E AT I, 45 RRIM 1984 3] 2012 4, ZBIHEHE
EUAW TR #ES . Bonansea F8IE T Landsat TM Fl ETM+#0 3% 3 4
BIFF B THE T Rio Tercero /KD W EERMEHER, ZEANRHH
BT B T A /K R IR B X i B FE 5 T BEBLAF AU A T Rio Tercero 7K &% B
EAGH . Kabiri 104947 T Landsat 8 OLI 373 % B 7E /K & S i B AT 4T
P R : 435-4510m) , Z& 2R HEMERBIEME T Chabahar
BEHELZGE AR, BT ZEAX Chabahar BKEEHEH#IT T8
BRAEHE .

FEA, BEZZUSIY Landsat TM F 4 FERIBESZE AT EMBE T HE
K A F B R Al AR BB Y, FREE T AR B E MK 4 B AT K
B, FEEMDFENCIL Landsat TM 55 1. 2. 3. 5 M 7 WRESE
LHAEATEMNET RWMEWREERGERIER, THEEEIET
=3 Landsat TM 2 GAEH F LB, WE TRBEILANE D/KEERE
PEER, BT ZEANERBETINGE DKESHERTTEBREEAT.
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illl3

F1E 3

Duan 12153 5| PA Landsat TM YN B . B HWEURERHAEGATE
SWMTETH. FEBKEEZHESEZENRR, RAUTUMAEE:
Ris(Red)/Ris(Green) «  Ris(Red)/Ris(Blue) «  Rrs(Blue)/Rrs(NIR) F1  Average
(Ris(Red); Rus(Blue)HF LA T X HMHEREEREEMNA. SLEE
GUOSIEL T EFHM Landsat TM RS X 5ZHEEWE, E. L0 EERE
RN BONRBEWE T S X E P B R AR, B X AR AR
TN, ERRY, HEKERE, RUMARZBKX 8%MEHERN.
Lee %1090 QAA B AR AT Landsat 8 OLI #4834 B T/ 1L 135
FEHATEBME, RWEWENGEE -BEST, RUZELATRE
MRS . Xu ZUIET Landsat ETM+F1 OLI T 4040 515 e i B 4 & i &
TRTHEHEBRMEEMEE, 3T 2007-2016 ER-THFEHERITHEE
M, ERRUARTHWEHREENEZETHENES, FEHEHESERAE
FEEE B EMKL. Ren EUIKEF Landsat OLI 4 6 RIS b BRELEHE T
B PH W5 U R AR B, I xS PH I B A AR BT TR
#8 t Landsat 098 , HY T B F0H 4 Feii b T B 7235 B B I 0 b S2 A 2
AR BEUNET HI-1A/B 2 CCD (¥, #iiL 7 BB i5HE IR B Kk Xk
REKGEWHERBRRESL. RIEDEEELR, HI-1 2E CCD #iE
0.63-0.69 um i B A& B EE A Rl i, T H R R LA AR AL 2L
MT HA B AEGHED . BEeElBPR A HI-1 22 CCD ## X # i H
AMNEE, EEN T EEEEEHEHTTRRERRERA, ERKH,
6. WHREBRBRUESENENERGFEEKMRME, I ARERMEST
% X K 7 B R R S SR AR Y, R AR B SR ER T+ B KA E B
EEESA. REBZSMIET HI-1A/B LEEBREE, 4RSS KME
WIUBAE, P 200 M0 X ST 11 7K B 7k 43 B B AT T B R BT L «
LT %ISR A HI-1A 2 E CCD $#E %1 MODIS AT &E ™= R L E KA A
SLOTIAKRE Z . BEFH. ARBEAHATT R, BRI K ESCHEER
THTPEAEMBNERAS, HUES KEEHERERE ., Zhao %
MIERAHTARBREEZHER BN A REERER, &RE
B%t F WorldView-2 # Pleiades M= A 3 PR B, &/DHEBIMREE R
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#T Google Earth Engine FI3REIIAEN EN T B EEWER T

173 m, YF HI-IA PEWME, &/DERIAREEN 64.6-98.5 m.

123 XETEZRER

R — B B R E R R T AT R R R BB N R AR
&, IERITE R AN A, A7z A& W E A SR %0 KR i,
JREBl TS=(water* AND secchi*)# & Web of Science £t 5| 3L FE, KRER
91990-2018 £, —IHMRF | 1471 K& ST < EHE .

® 12 ARRGERPTHIAXREHLE 15 xR, BBV EER
BE (BFEEGEEE) BEARMEXER. 2T ANXEEAF, B
7& Secchi depth, F HIE 10 3k, H & & & FER [E 2240 A i ok 8] 4%
G5 0 B AL T VAR AR R K AR B R RN B ROT k. HF AT LRI SR s A
% T Secchi depth PL4b, Water quality. Eutrophication. Chlorophyll a.
Phytoplankton. Nutrients. Phosphorus. Trophic state index ! Zooplankton
HWEHBESBERERR, AR (W, KE) FEUEHEAE. B,
Remote sensing 1 Long-term trend 2t BLE L F 17 15 &+, 3 H Remote
sensing K ILEEAW A (B 1.2) , R\BRBAMEAF T TERT
PURBEC BT (A7 20 5, BA B RN A5, B 7R o] FRL Rk + 4
NEHTFHNERHEAKAETREHUMATRPEETFRZ —.

Secchi depth R AREM =N ERIHAEXE. PEAMEKX (K
1.2) , ZFEMAREZRR SEERE BN EFHA, RMESELRE
1T+ 4E R Secchi depth 7£ H E HJAH R BT AL G A (B 1.2) . Secchi depth
TN REEHELZ B2+ & $H 5 % E A(Peng, F.Zhang,
Y L. Fang, X. Huo, SLELZ Xi,BD) (¥ 1.2) , XWAEMRKEE L
HEESRZAENERHAEELTEAREGRERRE, HXIENTR
W I E W KR K I R AR R R E E R .
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F1E JE

£ 1.2 1990-20184FEHEZ B 1511Secchi depth M SSHF FERIS A . PRI A —BALH E £

PARAEE (BREGEEE) HIKE

aforementioned Secchi depth-related researches from 1990 to 2018

Table 1.2 Frequency of the top 15 keywords, countries, and authors conducted the

{4

= R RER EERRER EERRER
‘Secchi depth fH5<3<8# 103
4 EEEEE ERE Ye& w44 ERE
] #

1 Secchi depth 206 USA 387 Effler, S W 32
2 Water quality 182 China 147 Hakanson, L 26
3 Eutrophication 164 Canada 90 Noges, T 17
4 Chlorophyll a 136 Turkey 75 Jeppesen, E 17
5 Lakes 124 Germany 72 Stefan, H G 16
6 Phytoplankton 123 Sweden 61 Peng, F 15
7 Nutrients 115 Finland 59 Hoyer, MV 15
8 Phosphorus 90  Netherlands 52 Zhang, Y L 14
9 Trophic state index 77 Denmark 49 Canfield, DE 14
10 Remote sensing 66 Poland 45 Fang, X 13
11 Transparency 54 Italy 40 Huo,SL 12
12 Turbidity 54 Brazil 38 Koponen, S 12
13 Zooplankton 49 Estonia 36 Xi,BD 12
14 Reservoir 41 Australia 33 Matthews, D A 11
15 Long-term trend 34 Spain 32 Perkins, M i1
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#T Google Earth Engine FI3REIHE I BN S8R R HEE ST

25 35
—=— Sccchi depth ~m- USA
—e— Waler quality 304 . .
20 { —4— Eutrophication [():;}; LC: R China /"_
—v— Chiorophyli a 55 ] Turkey ¥ow x
—e— lLakcs = v urKey / LA % o
151 — <~ Phytoplankion ¢ Germany [ I ﬂ\ f L\
) —»— Nutrients 204 —4——S'wcdcu ._.:’ ] ‘_/.\ i y ’; \\1
i —— Finland / Y/ *‘ % eiw
F 104 —¢— phosphorus B 15{ --e--Netherlands / H i *
E —— ;ropluc slah,. index Denmark * /I n \‘
4 ® - Remote sensin A {
* — e Pola " v, !
5 At 1 / i |
54
0
04
-5 5

T T T T T T = T T T T T T
1990 1995 2000 2005 2010 2015 2020 1990 1995 2000 2005 2010 2015 2020
BFE (yp) 8] Cye)

1.2 1990-2018 4 Secchi depth #8544 Al 1K SR A] B AR O 7058 — B Aoz [H 48 B4 3R,
AIFE R SCEE H H BE A TR 2R R L
Fig. 1.2 Variations of total publications with the top ten Secchi depth-related key words

and countries conducted the aforementioned research works from 1990 to 2018

1.3 HREBENE

AL HF Landsat 5 TM. 7 ETM+F1 8 OLI $(#E %f & E m A K F 10 km?
MW IE S ER T BB E, WESEBHEHEBRREEL,
RATIRAE, ETHERNBEIZRE 1986-2018 F 4 [ 1A% B & i 2= 4
., wHEAE, S EE . SWIX L4 E 10km? UL EEIFERAE K
WA, SES M NEES) T & DO S B AL . BARRF A
RAEMT:

(D BREETAAE: SR M E G Landsat R 558 1 — S0k
A = #AL . L Landsat 7 ETM+ N 417 4 # Xt Landsat 5 TM 1 Landsat
8 OLI HEAT —F Mt ill, it ENVI R4/ ROI T A, %R — K44 51
B AN F AL B AR T L B B R AT B, REVE R R R, I S35
—%P£. Landsat 5§ TM/Landsat 7 ETM+/Landsat 8 OLI 3% B jz 5T % 7= [
TEEENMHERERRSEREEN, BB REE[RE (Cloud Shadow
Al Cloud B ) , 7E Google Earth Engine ¥ 3% F1 i it %} Landsat 5 TM. 7
ETM+#1 8 OLI #t%& % & Cloud Shadow 1 Cloud @14, ML = # 4t
.

(2) £EMEBAERR. REWRZFIZIEZEZET Global Surface
Water (GSW)H BB E ST BN, GSW HIEEL S LSBT KGN =
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F1E 5

i

SAERE, BRTENKERETHIME, TBRELERFE. Zou ENH
W FE R B KA B KT T5%E MK AMKEE, RERFHZR, E
b, ARSCHEFRIX — I 54 AR 3R E K A K AR AT R A

(3) 2EWMHEHEERREEMNMESRIE: XAKNEERRS
EE N, Bk 8 EEMBFBREERA (United States Geological Survey, USGS)
(https://earthexplorer.usgs.gov/logout/expire) . EFET I KIFHUM
T R A X S 3 B RS B R R AT IR . TS R AIBUN IS K
o B R IE /K A | VI K s DL R R R VE R K Ak, 3B B EE AR AL YE R 0.01-
7.6m, ZEABEEEEKEEHE. 550X A FEHE EE T AREBERE T
Tl B HRAT IR, e R LA M RRARENHERE T B TRE. B
RREEHE, EBERBERSNEREANREMEER, R H MR
AN R AT IR, WAMEERMEEE S KW . T 5 HE P E KN E
M WU A 32 AT R Bl AR R R B A R

(4) 2E 10km? Yl EIHEHERRMGE. ETAXTHENER
A, X4 E 10 km? P _EWIHE B AT EBRAHE, FKE 1986-2018 %
WMEEHENZ S, EREMmLE, 2HRREE. FAURSHXKE
BB RERN . hoh, WATERWM T 2E . & XA R ZE 9 EEE A #E
ME A BN ZLE LR

(HE2E. FHXUREERGEEURANRENRHAE: 2T 2H 31
ANE 613 AN L 33 4 (1986-2018) HIFET &M XGEHHE, FIMB L
B, SHXURSERERN. REKNRZN. FABLURT S, 2
FE£EL%E 1978-2018 FERAF~LE (GDP) AL (POP) , KA
F4eEH., BWXEZE GDP M POP KiF AU RE /oM. T4
E 1998-2014 4 NDVI & J 48 7™ M KBS 2] 4 H . & #] X L K& %% NDVI
KEF a2 FRBAU R E 5. ET2E 2000-2013 FER AT 6E
BREERNB R AR & X PR &R R T K 24k B K = 18 2 A o

(6) FEHEFMEILF AR T WA (1986-1990 5, 2010-2015
) EEKERRERSTEE. SWX LR EEFEBEA 10 km® B4
MW KEAREASMBEAENEWE. STER. K&, NDVI 2405
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#T Google Earth Engine FIFRE A% I B =44 85 R E £ 487

2H. FWMXULZEMHEREKN ERAEmE, Xd, Exofk
Lo T aE B X [ . XUE B & NDVI B AL B . B T BE AL AR AR
TEMERD T EERE 2 T N RES R RAR R & B %4 ¥
HERAEKRHRRAN TR, HEAST KL S FTRAEEHES AL
Eal. RMRBN U LHHEIE. LEBIRHRR.

() ANREFHULERUN S HEXEHERUEZWER: SN
RIEB ARG G 0 A B E A R 3 X & B R R AR R R, PSS
NEHKRFNEREERUREESE

1.4 FAREEL

P — _

e |} Landsat SEBEAE

GSWETRE l‘_{ 578 ,fﬁgvzo ( =8 R( }‘

(M ‘ \

K @ U =

v

7 , / AR EREE .
SES Riies = BESE

o / % // sE / = /7 B A

[
w7 (2E &
= 558 =F. £8.
3) st HXETR
o e / EREaE
BH
E BT A
4:}1, 03, 6DP,
NDYI, &R
%lj THmsnk
m ¥ h 4 A 4
N AETHL SEEUS KT
ol bt = s 3 = == 3 R, (¢
= EEEETR REHED = __l

B 1.3 FABRERE

Fig. 1.3 Flowchart of our study

1.5 BlET =

AR R EEARE LT LA:
(D) FETRESLNZE N EESE, WENRLK T 2 EE0E I EE R EL,
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KA T & H W E E U E N = AR
(2) T &R FH X RSB NSHE RS HRE R EK

I TR) R AL R B2 o
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F2E B, MElS5hE

E2E HE. MREFE

2.1 IKFILFER

HFKEFEMEEES (HEER. BEVULEATEEE Y
R A —, ZRRKBIERE DLW &4 (RS, HiRES. £
BBEE. FMUERKRES WEFERW, 18 TM. ETM+LL X OLI
SRELI K A YRR AE AR W AR 4k . hAh, KRR TRy KB/ KEL AR
Wrag A, ROKIGHNT 7K A B 52 BUHE &

NTRBPIXA B, JRC FIBAYET Landsat RFIFIE, RAERAR
g, AT REXNEELREHTAE, KT 1986-2015 F (A KAk HE
THIME, TRELERERE. TRRGTURMGTEEM BN E, MBA7
5HERE, FEIAEMUERR, @it WS SRR
FiEER, TR RS NRKIAMEET. BRERAETHENKZ T
BAEMLER AR SEES . BT ETAE R ORI 7K 4k 5T H 3L 5T
B, RFEZETETAKE, UEKKEIZER Gk AMRE. Bk
AR KA Bt b, R AE— B4 f B/KMER T HIAER 100%
B, ZEITRIAK AR, AT, BRAMANEE WM AEER, KA
KEHMBESHNELHEMAET 100%, Hlinzs RHEPZ SN
W, ERAEZEEEEN, WRZEEFEFZAAEKE, BAERES
FIRE, HeREKERER, EHETHENZH K& e X AdEK
&, MTTRBRE B IMmE. o, BAHTRKMEIRMNI Landsat L1T #4%
S EREAEARIERE<I2 m, BESEMHBELZANET, BDIK
AERZEHRIN—BEEGEOEMBER FREHIFEN G . FE,
EMRSFHR/EZRKARIEEERZ W, H0, Landsat 8 SR B LT LA
R XE (ARKERERERX D 51\ — 208 5 338 i PR K4
HI G, HEXNFE R RE— RN E B KEET (Fln: &
TR, BT R B SRAR LR AR AR R BRI, A PRI 0 R IR
RAKEHAWEE, XHZREKEHAMEYSG T, BESFEKEZ T
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#F Google Earth Engine FI3 EIH%E B E R =48 B XM E R0

7RO R 2 KA R A A A ME KR AL . R BRI ATAE Pekel FIPTIRIN
KRBT MR R SR R B, BT R RETEE (~25%) X KAME
ARARBEATIRI . BAIE DL, RATE KB IR R TET 75%F NAAE
A B3 5B S AF . Zou M7 MSIELRE SR A iX AN BME X 38 B ZK A 34T S B A
7, FBAERERIR.

2.2 AKX

R E BT, HE. HRERAE MR, FRBX 8AKE
SBHTEZRRE. MEPER. S/ UAKECHER N 5K F5MHE
LA AE19), AR B VA B I BT TE M T M SRR SRARAE, AR RATEIXOAN
BN, IR ERAZ SN EREIX : (1) F 585 R X (Tibetan Plateau
Lake zone, TPL) : HF#EM TR ; (2) F = R X (Inner Mongolia-Xinjiang
Lakezone, IMXL) : W& #HE. HR. TE. MDA (3) =
$# 5 B X (Yunnan-Guizhou Plateau Lake zone, YGPL) : &= . H /M.
W FIER; (4) FILFEBX (Northeast Plain Lake zone, NPL) : iL
F.ERME R, (5) ZRE-FJE#X (Eastern Plain Lake zone, EPL) :
dba. K. Wb, R, B, Wb, LA, WL, 28 BE. TR,
U, YLFE. . MRS, RE. AV, FHAm TP (E 2.0 o Bk,
7 30 3% KT HF F 3 (Middle and Lower Reaches of Yangtze River, MLRYR)
ERE SRR EN . KSR FE AR REE R ERR
KITh FieadEsde. #iFs. VL. B, LY. WM LEE.
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B2 & E. MELSTE

100

B 2.1 HEIREHX AR

Fig. 2.1 Distribution of the five geographic lake zones in China [!!°]

2.3 BEAENE

KB EMNEFIENERERENES. WERN, BERE
KFEBNFR KA, BRHBE “TTR” 5 “ATR” KREIEFE,
IR e FE R AW B S ERAEEE (Secchi disk depth, SDD) , X —
SHOHTZ N THAF SR RU212], [ BiERe T #mERE
WER AR EMERER, ATEBREHRERERMLER, HATE
£ 74 1995 ERIA 2005 EFFHANH 170 S NMEHERAELRE, B
TAER /AT 1 km? BIEHF KT 4000 km? H#H, KENADNF 1m BT
150 m HI¥IWE. A, NTHEERNZEHEERMAESLY, HKAMNX
2017~2018 FEKILH FHBIAERAERTHE, F5%F KB AEEE
(2005~2008 ££) UK NXMFHERRBUARILFEIKX. zR&mEBKX
DL J: 5 94 v S X375 A B S ) A 4 (80 115 1240 126130 f 40 TR 3B o A B 3
1T RIEHE

24 ERHESLE

#H ik H#l, Landsat RHEL LIRS 7 B Landsat L&, AT
T 40 EMELEITHMM (E 2.1, ANEBRPBEFT ML T Z
WE H B ST R (32, SRR A 2 B R AE AR T RO R SR B B R
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#T Google Earth Engine FIHRE B IHEHER <& B EEWE RO

W&, Landsat 37T E HIE R U7 #0002 7 A6 250 10 4 BR X 38R 14 3t 2 ) LAY
WU E, B A AT K A Rl R OR A B H 38 0 S AFF P B o A 3
W2 —. WA, Landsat B L6 FIIE 40 4035 B 30 m A0 25 18] 49 3 R A0 B 47 )
TATHMEE S (R 2.2) {15 E B8 AL A /K AR o 345 1 B 2= 38 4k I I e 4
FIBARIE. ZEZELK, Landsat 7 ETM+# Landsat 8 OLI Rl £ #1547,
ERBREMMAEREFNE 8 K—&, X AKER T Landsat 55 K9 I
BRARUSS34L 35 BT [ 28 B K A 7K BR 2 5508 /&R il BT 0 14451 101,103,
135-148]
R 2.1 [P EBT 5049

Table 2.1 List of Landsat program !4

B H fERE
BE R H

GRitHar) (EBREE)
Landsat 1 1972-07-23 1978-01-06 (1 a) MSS (4) /RBV (3)
Landsat 2 1975-01-22 1982-02-05 (1 a) MSS (4) /RBV (3)
Landsat 3 1978-03-05 1983-03-31 (1 a) MSS (4) /RBV (3)
Landsat 4 1982-07-16 2001-06-30 (3 a) ™ (7) /MSS (4)
Landsat 5 1984-03-01 2011-11-18 (3 a) ™ (7) /MSS (4)
Landsat 6 1993-10-05 RIKPIE (5a) ETM (8)
Landsat 7 1999-04-15 HEHIZEIT (Sa) ETM+ (8)
Landsat 8 2013-02-11 EPIZT (5a) OLI (9) /TIRS (2)

%R 2.2 Landsat TM. ETM+LEL & OLIfE B 38 3% B 1 B [150]

Table 2.2 Setting of Landsat TM, ETM+ and OLI sensor [15]

fhiREs BB K FEE um TRHHE (m)
BB 0.45-0.52 30
FICBR 0.52-0.60 30
™ AR /324 0.63-0.69 30
pIRAR B2 0.76-0.90 30
SREAR 32 1.55-1.75 30
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£28 B, MES5TE

WAL HMNE B 10.40-12.50 120

AL AN EL 2.08-2.35 30

22 0.45-0.52 30

SR 0.52-0.60 30

AR 224 0.63-0.69 30

_ IRARY Y22 0.76-0.90 30
ETM+

Hr AL S ER 1.55-1.75 30

WA HNE B 10.40-12.50 60

AT SN ER 2.09-2.35 30

EBE 0.52-0.90 15

RIEH R 0.433-0.453 30

WG 0.450-0.515 30

it 424 0.525-0.600 30

AW 32 0.630-0.680 30

OLI piEAR N3 0.845-0.885 30

H 2L AN B, 1.560-1.660 30

ERFAR )N 224 2.100-2.300 30

EBHER 0.500-0.680 15

HEBEE 1.360-1.390 30

A 46 B B9 8038 9 Landsat TM. ETM+LL & OLI BRE & 2, HiEk
HEEMFAIFHER (USGS) Mk (htips://earthexplorer.usgs.gov/) , USGS
£ LEDAPS #R4FU51¥ Landsat PEFREHEH L N ERI E,
LEDAPS BEZ M ARSHMBMARARKAER, HdhaHE 65 HA
Chttp://6s.1tdri.org/index.html) . DEM. KSHEREATE. BE. KES
DEREFAERMFL0EPRRMREEA", A TEAHARET
Landsat 5 TM. 7 ETM+#l 8 OLI 5 /& &8 58 plt, [ UL ZXF Landsat 5 TM,
7 ETM+A1 8 OLI f£ /288 — B #AT A I . 7E KU (A] £, Landsat 7 43 7|
5 Landsat 5 1 Landsat 8 fZfEE S, [HILUL Landsat 7 N4l7, HKIEHS

Landsat 5 1 Landsat 8 fE B EZR  ARE RSB A %, Thome
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%#T Google Earth Engine F98E #5524 B KB W B £ 58

205304 Hyperion 4 2% 5 ETM &R 2B #1T 7 X LA 5T, A I Hyperion
5 ETM +2Z [AIB HE 2 /N T 10%. IR EUHE TM M HI1-CCD #4171
X b, G 5 2 B E X LI B B AR M B . Chander %0155 15615y Fil th
B 7 IRS-P6 5 TM/ETM+7E A [l ik BOB R R ST B M £ 57, JFREB AR LR
B8 oF 7 Y B[] 18 28 R AL

stFKBEOFEN, EBLZNEEERRMEESENEZRIE,
Landsat 5 TM/Landsat 7 ETM+/Landsat 8§ OLI BE R F X~ Ak 7T B8 &%
M BB R B R B B, BEEFEHREFR (pixel_qa) , 7£ Google
Earth Engine ¥ 1% & @I %f Landsat 5 TM. 7 ETM+fl 8 OLI #{#& X & Cloud
Shadow # Cloud B, MWL =HEELE.

25 EREMEEE

Olmanson &ML BN T RXREMNMN, HEKBEMNSHIF R EH
ENEEH DR R RAEBRKIEN, L EA RS, BRI (E
BORKRER L RSN, BT CLHRTH — S A 50 M i 452 ok 30 1 12 = AR B O
B, flbn, @iEEEE O 1 REEN 7 RE, F R XA 310 Xt
IE 1133 %F, AR E REAER KM 0.76 ZALE] 0.70, H—H BT
REM 58.6%/NE] 55.2%. W FHEE&EEBNE, 8T AARRERE D,
ETLTHESELRE (BWN. BXE) METRT, NEE O LLAEREX
V. AT EIEA R R E AR R E R E B E A E RS E R, 3R
1143 B3 A R 6 (] (BI R T, AR B R T E R E#AT 7, REEE
3 FEE 55 v ) B U8 B OB A S g T R WA T o R AR

2.6 SRKTFANLEERHIE

CEENEMASEHTHUREZABFERELZHEELEN
(http://data.cma.cn) , F£F 613 MM 754/ T2 EH 31 M4 (B 2.2),
1) 25 520 1986-2018 3% 33 4, MFMNEARWERINE A ZFHE
M E.
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B 2.2 RESZWES0
Fig. 2.2 Distribution of meteorological stations in China

ERAMEME (GDP) MAO (POP) BRHESEFRE. AFKED.
XM M EE AR EERG, UEARLGE T HIT, HEBEN
1978-2018 4E 3t 41 ££., GDP LK POP = [A L LL = [ G it B onREBEE SR T
TEET BT, MBI EHEILZ, SEHGE SR REARER . +
[E GDP 1 POP % A4 4i & B WM B EE 2 E %58 GDP Ml POP fitH
BREME, SE5ERTEANREFENFE VMR L MA AR & (E
ThEE. ERATESZHE, MAZEFRESEERUATEIX vE
K41t B 7T i) GDP A1 POP 348 & i 2 Mt 4% 82t b, T S£ 3L GDP i POP
7S (@ 4k . GDP 1 POP $(#E B Mi& 4 AR ZMETEE (1 FrA2R)
W GDP B E M AN D&, BASH AT/ P TFRAMN LT AR
— LB e H (NDVD # Z A FHEEEYMEKE B ZIF RN, DNVI
WIE LB ENATEE N 19982014 4, WESHFHENR 1A, THDHR
N 1 km. GDP #(3%. POP ¥ 4E 1 NDVI #3815k B o B Bl % b B IR 5
B2 HIE B0 (http://www.resde.cn)

mETHEREEXEBHP AW EE Defense Meteorological
Satellite Program (DMSP) , B{THIERE L 830 A B, FHL N 100 57
h, —RFB/B4K (ER. AKX, EENEH) 2REHE, HRTEN
2000-2013 4E. DMSP/OLS {5 /BB REFEM BN . BRI, FRFEHI
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#F Google Earth Engine HI5 E#IHIE ¥ H i 2% B LW ER T

fT 5. DMSP/OLS W E B iEE T 5Mm @, ARES. MTTKE
s YIME NS 8. BET, DMSP/OLS ME FEA FRET BRI, &
ZEETFEEURETERERE., il RESFRIPCL

2.7 MI\BEIT TN |

& SPSS 17.0 AT HUE LW A0, BFITETHE. RAE. &
B, SENe%E. BEWKEFARESE (P<0.01) . BF (P<0.05) A
B2 (P>0.05) £5. SHEHEHANKERARD _REFLEDEH
|, 7€ Matlab B o . 51 NHRE REL. SFIMXTIREH 2t (MRED |
P RIRZE (RMSE) MA—{L¥HREE (NRMSE) fEAGITFEXRER
RGNS 2B —%, MRE. RMSE #1 NRMSE #i+ &1 T

1 c Xesii—Xmeasi
MRE =100%x — » | —=—=0 | (2-1)
= Xesti,i
RMSE = lZ()(esti,i _)Cmeas,i)2 (2_2)
n =
1 N
NRMSE =100%x , [— > (Xegis = Xrnenss) /(J—V-ZX““"') 2-3)
Y] i=1

HH, Koo I Xesa 0 BB IR S MME RS S E, nREAEL

AT P B [E B B K T AR RS BA B AR A, il v SR AR ANE B AR
KEN: 7= (Ae - do)/Ao| x 100 RFEIR, HF 4o A 73 B AHIGEEA Z 5T
B, MR 7>10% WEASEE EFR TR, MR 1<10%, WERAE. B
FH 10%EBERERFEEETEN, HZ AR EREENSISEN
(163, 164]

%0 BRT 18 F F DL R S R A Zuur FUSIRENEE T 7 ik
(Dynamic Factor Analysis: DFA), %5158 1d MARSS JFRGICHE R ES
W FEW. DFA B—HME TN ER 8758 KBEERR, XARTS
PrEE, I FREE E AR BN EEAE, HH R, B iE
MRAHEZE T HBEAENAHRNEMRER. B—J7H, IME TS
Wi, WERTHEGGITEENREENR, DFA Br T80, #XE
T A [ v 00338 B P S AR LA R AN STE BRI SE, E T TR R IR
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F2E BAE. MEETE

NDVI. A O\ Z5FAI AT S St 55 B AR -39 DX VE1 2 8 B F K R TR 4L

ERAM (PCA) R—FEERLE . FLSIREREA, B MMER,
BRI BIR AR T AR R A D, FNTEARTRNGEAS, TOHIA
FERRRT LIRS RGERVEFEEE. TR EESBUOF. (1D &
FPAT A EERERSMEG () BIERSY: ) LR HITESR; (4)
KA AT

BENLARMRRAL 282 ST i — o, HL R R T 1 Ry 2R AR B (38 FE A4
FEIER RN RR S 3, BRI A4 BN, FENLAH
W TR, I EERE B RSN TR T TS, 7ol
FFETRNZ MERAR B TTIRUS, SEAUBME R, MR M T84T
Fall L),

AR SCHET S TR ZRAR L, 31T B R R B A 40, 78315,
FEBEMAIESAE (BF. K. NDVI. A0, S¥URERITE 34
[ 494 5 9 BE 28 A F S MR A T R
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32 SEREHIKEEHEENEESRIE

F3¥ 2EREHAKFEREREMNESREIT

3.1 ETLEER
3.1.1 Landsat ZRFERHHIE—B M4

FEIREURS [A] £, Landsat7 4 %55 Landsat5 F1 Landsat 8 FAEE 2 (&
3.1) , ELPA Landsat 7 ETM+A 414 5 5% Landsat 5 F1 Landsat 8 #4T
— R, A REEEEEHEAREMN EELZH TN 27, 28 MEBEX KK
AT X X Landsat £ PEFT—BMHRE THE (B 3.2) , BEFHEE
B3 3.1, @it ENVI 34 region of interest (ROI) T H, &% [E—K
TR TT, 43 B A % i BB B R R G 3R AT SR BN R PR B R PE R R

(—) BB B (Blue) : TM 1& 8 1 %4 B M6 1 V5 B O 0.45~0.52
um, BETM+{% 5K 88 76 1% 4L B i % i Y8 By 0.45~0.515 um, OLI 7E 1%/ & K]
I V6 Bl 0.45~0.515 pme TM. OLI KB R R RIE=E T ETM+, TM 5
ETM+REE R 021 (B 3.3A) , OLI 5 ETM+l&EH 0.07. SHIK
WIZEBE =M RBERRA R SR E (B 34A)

(=) G B (Green) : TM #HRB[EZMERGETTEN 0.52
~0.60pm, ETM-+& a% 78 %0 B #6175 B N 0.525~0.605 um, OLI 1% /&
LR % A B 6 E N 0.525~0.600 pm. TM. OLI F 3% /&% & 5 28 88 & T
ETM+, TM 5 ETM+HI&E N 0.66 (B 3.3B) , OLLI 5 ETM+Hl&E AN
0.19 (Bl 3.4B) . MLLEEE, =MARBRERR T RER BB —
BUER TR

(Z) OB (Red) : TM /R3S ETME R 2 AL B 6K
Y 29N 0.63~0.69um, OLI {£ B 2375 Z Ar B §I 615 ma S {6 Bl 9 0.63 ~0.68
pm. =MARBZ ABEMERT, TM HEHES ETMHERSUESEN
0.99 (B 33C) , ETM+EEERE OLI £ REBHEHEN 095 (H 3.4C)
TE % U B b = b 4% 3% 98 J 5 R A L IR 4R OB I BB, KR LB BT

HESRITE, JEERSHREERD.



#F Google Earth Engine K3 E ¥ /H3%& B 0 88 5 R oM (R R 04T

(PO LB (NIR) : TM fERSEE XA E W GIEEEN 0.76
~0.90 um, ETM-+1% & 28 72 % A0 B 965 ma N Y8 B 24 0.75~0.90 pm, OLI f%
JR PR AE % AL B A G e B YE B N 0.845~0.885 pm. = R AR ERES 2 AIHLE A
R, TM 2385 ETM+ERBUEE R 0.99 ( 3.3D) , ETM+%
&5 OLI L AR M A E )Y 0.98 (B 3.4D) o

(R EHRAOHBFEE 1 (SWIRD) : TM £ 285 BETM+E &8 75 Z AL
BRGETEEYN 1.55~1.75 um, OLI 7 Z 4y B B 61 m N yE FE A
1.56~1.66 um. =FfE KRB 2 R ERRELF, TM 25 ETMHE S
PAEFEN0.99 (B 3.3E) , ETM+EE&#5 OLI £ BB MUEEN 0.92 (B
3.4E)

(FN) FEI b B 2 (SWIR2) : TM &R B 72 1% 47 B 196 i M [
By 2.08~2.35 pm, BETM+{& R EE %A B HGETEE A 2.09~2.35 pm,
OLI f£ B 7 1% B HIOGIE T BN 2.1~2.3 um. =R ERB 2 M5 H R
B RTRRAL, TM 285 ETMHERSEMUEE N 0.95 (B 3.3F) , ETM+{%
5 OLI R B H WA E N 0.76 (B 3.4F) .

3.1Landsat 5 TM. Landsat7 ETM+f0 Landsat 8 OLI 1 Rl 35 7% 3 X 3%,

Fig. 3.1 Synchronized coverage area of Landsat 5 TM, Landsat 7 ETM+ and Landsat 8§ OLI
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%3 2 SEREHIKEEREENEESRIE

BERPERT
Forgis Falis

e |

SRR
Watentown

B 3.2 Landsat 5 TM 5 Landsat 7 ETM+7E 8] JE ik MRS R A0 I CEED,
Landsat ETM+7 TM 5 Landsat 8 OLI 7£ 8 Je Ak M A Rl i AR CRED
Fig. 3.2 Synchronized coverage area of Landsat S TM and Landsat 7 ETM+ in Minnesota of
United State of American (left); and synchronized coverage area of Landsat 8 OLI and Landsat 7
ETM+ in Minnesota of United State of American (right)
% 3.1Landsat 5TM, Landsat 7 ETM+5 Landsat 8 OLI /[R5 i SH TR
Table 3.1 Synchronized image information between Landsat 5 TM and Landsat 7 ETM+,

Landsat 7 ETM+ and Landsat 8 OLI

Satellite/Sensor Time Path/Row Satellite/Sensor Time Path/Row Lag
days

L5 T™™ 2005/09/01 28/28 L7 ETM+ 2005/09/02 27/28 1

L5 T™™ 2005/09/01 28/29 L7 ETM+ 2005/09/02  27/29 1

L5 T™ 2005/09/01 28/30 L7 ETM+ 2005/09/02 27/30 1

L7 ETM+ 2017/07/17 27/28 L8 OLI 2017/07/16 28/28 1

L7ETM+ 2017/07/17 27/28 L8 OLI 2017/07/16  28/29 1

L7 ETM+ 2017/07/17 27/28 L8 OLI 2017/07/16 28/30 1
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#F Google Earth Engine {3 E#i0iBE 0 Fi T& / REZEEAR T

0.20 0251
(A) (B)
y=0.43+0.015 3=0.52x+0.018
0154 R>=021,P>0.05 0201 R2=0 66, P<0.01 ,
~ . o
E Z 0.15-
& o.l0- 2 .
) S
0.10
= s
- [=
« 0.05
a 3 0.05-
0.00 y 0.00 : . : , .
0.00 020  0.00 0.05 0.10 0.15 020 025
0.25- L7 ETM+ Blue (sr'") 0.6~ L7 ETM+ Green (st'")
© ® -
1=0.88x+0.005 . 054 1=0.89x+0.018
0209 R2-0.99, P<0.00 s " 1 nog
=0.59, P<0.001 o R?=0.99, P<0.001
o~ » o
% 0.15- &
3 2
0.10
= =
vy )
— 0.05- b
0.00 . : . . L0 : .
0.00 0.05 0.10 0.15 0.20 025 0.0 0.1 02 03 04 05 0.6
L7 ETM+ Red (sr™) L7 ETM+ NIR (sr™)
0.5+ 0251 . -
(E) (F) = =
1=0.89x+0.011 . 1=1.11x-0.008 -
04d 7, s n 0.20 )
= R’=0.99, P<0.001 - = R*=0.95, P<0.001 .
e s =
< 034 < 0.151 . "
2 S
% 0.2 E 0.16 .
= =
= =
3 0.1+ ‘3 0.051
T T T 1 0.00 T T T T 1
0.0 0.1 02 03 04 05 000 0.05 0.10 0.15 020 025

L7 ETM+ SWIRI (sr'")

L7 ETM+ SWIR2 (st”)

B 3.3 Landsat 5 TM 1 Landsat 7 ETM+& By (BEYGHEL: A; SJelE: B; N
B C; IRAEE:: Dy SISt 1. E; Fikash 2. F) BREURS R —BUER

Fig. 3.3 Consistency detection between TM and ETM+ in Blue band (A), Green band (B), Red

band (C), NIR band (D), SWIRI (E), and SWIR2 (F)
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0.20- : 0.25 1
(A) s (B)
3=0.17x+0.027 020]  ¥7033rt0024 »
0.154 R=0.07, P>0.05 ) R>=0.19, P>0.05
~ - o
) Z 0151 .
=
ENUE . g -7
m n (‘5 -
= _ 2 o10-
L " |
S o0s o, 1 _ - S
A - % 0.05-
=
0-00 T T T T 0-00 T T T T 1
0.00 0.05 0.10 0.15 020 0.00 005 0.10 0.15 020 025
0.25 - L7 ETM+ Blue (st 0.6- L7 ETM+ Green (st”)
C
' (—2) 96x+0.002 ®
020 %5 : 054  y=0.98x+0.004
R?=0.95, P<0.001 R™=0.98, P<0.001
e <™ 044
B 0151 3
3 X 03
& Z
L] —
3 g o2
[ve] [+ o]
A A
0.1
= . . . . 00 , . . . .
0.00 0.05 0.10 0.15 0.20 025 00 0.1 02 03 04 0.5 0.6
L7 ETM+ Red (sr') L7 ETM+ NIR (sr™)
0.35- 025+
(E) (® .
0304 3=0.90x+0.001 . 020 3=0.91x+0.001
~ 025 R*=0.92, P<0.001 éf . 2071 R%=0.76, P<0.001 s
" o S
— - 19 1
§ 0.20 S I"f- “
o 015 i 0.10-
— o
3 o.101 3
®Q % 0.05
= 0.05 =

T 1 0.00 T 1

T T T T T T T T
000 005 010 015 020 025 030 035 000 0.05 0.10 0.15 0.20 025

L7 ETM+ SWIRI (sr) L7 ETM+ SWIR2 (st)

3.4 Landsat 8 OLI fl Landsat 7 ETM+&I% Bt (HEOGIE: A; SOt B; 406K
B: C; IELSMBEEL: D; ML 12 E; BEAS 2: F) BRI E—FER
Fig. 3.4 Consistency detection between OLI and ETM+ in Blue band (A), Green band (B), Red

band (C), NIR band (D), SWIR1 (E), and SWIR?2 (F)

3.12 mHERER

%+ 2001-2010 SERHE 6-10 A 43 # Landsat 5 TM BB ERF L& E
Landsat 5 TM #EERT MG (B 3.5 (A) ), WLLEH, BETEEELR
WrEREG, RAHEEERTLURBENWEEZE (B 3.5@B)) .
% 2001~2015 £E 6-10 H 4y # Landsat 7 ETM+# 15 U35 {75 2 4 H Landsat
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#-T Google Earth Engine HI3E W% ¥ B 2% R R A R T

TETM+HERTHE (B 3.6 (A) ), AIULEH, BEMRERE T &
AW EEES, RA-HEEEEERFERBENNEERZEE 3.6(B)).
% 2013~2015 4F 6-10 B £ i Landsat 8 OLI # & B4 {E 15 3 & [H Landsat 8
OLI i MHEE (B 3.7 (A) ), WTLUEH, BEARERSARESX
B rnEES, RA-KEERERERBENM2ERZE(E 3.7(B)).
BRRY, ZHBEEARLRENE, SEHTELBEHENREILE.

I (A) Londsal 5 THZIEHER “(B) Landsat 5 THZMBESS

B 3.5 Landsat 5 TM 548 = #EERT /X EL

Fig. 3.5 Landsat 5 TM before and after cloud mask

(B) Landsat 7 EIM+=ZH#E)5 |

B 3.6 Landsat 7 ETM+841% = HE BT G X L

Fig. 3.6 Landsat 7 ETM+ before and after cloud mask

(B) Landsat 8 OLIE=HE{E)E

B 3.7 Landsat 8 OLI 48 =HEfEET /G XTLL

Fig. 3.7 Landsat 8§ OLI before and after cloud mask
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2 B E T mE Y IE
AT VR Landsat 03838 R S R 7 MEOR B, AT A% #F B
BrEILKE (TE#)  (29°20°-29°50°N, 118°30°-119°20°E) , VEMKIK
W1 (30°50°-31°40° N, 119°50°-120°40°E) DL XA EVEMMBIMNIE (30°20°-
30°40°N, 121°00°-121°20’ E) KEEARBINPKKB X (B 3.8) . ki
BEAENAEREMSE, KPP NURERELERBEST, —KREET &, —
FREENUNE AT, B RREEE B R G RGN HEERE 3.2, @
H=ANBF 7R X B ASD-m1 ot i 18 86 & B 28 121 147 10T Landsat 38 /8% & 3 &
PR IR, SEF, AW Landsat 7 AN B CE SR B . G B .
e B A RIE A A ik B ) 1B R ST R A SEW ASD HiEERRHREF
ML GFIE, SOLEBRNEBRR N EEES T HMKE, TERFEN
7K A o L 4 R G K B IR TR 1A B AR R, R BB AL B AT, BEE R
K3, Kk BRYRBGES T, MEZRBRTEZR, BEREK
B3, K 4 R A K IR OE BTG R, IR BN R R L RO B IR
WAR/NIEFEF. B AW X Landsat 7 #7094 35 BB IO R AN
ASD Ll & g SR AT G, 45 R R E R RRPEM G EEEY
SR aAE 11 FHM (B 3.9A-L) , IAEE (PLEKs A J9: 485nm.
560nm. 660nm LA K& 830 nm) 7E MY ROKWAKUIE S F I H — W T RIRE S
N 21%. 18%-~ 24%LL K 93% (2013 £ 8 A 5 16%- 22%. 23%LA K
21% (2014 4 H) 5 18%-. 17% 22%LL K& 24% (2014 % 8 ) ; 51%.
36%- 38%LA K 45% (20154 4 A) .
it T & Landsat 8 OLI 17 5 MR GRBBM B . BOLEER. St

B, BB U KIEAIER) BRR ML ASD ik @R R4 R
SHEL T, 5 RR Y, BE FAERE O RARE, NRE B &6 E
BE & I K 38 K, BRI I TR R BT R ST 3 R I B I K
fash, ESBEBEEIRANE. E, EERKMN, KK E Rk

BE R, HBEBARE R, A ERERMIESFER, BIME

BR S R RYNBEH T MBS, BT & Landsat 8 OLL K 5 M
BB R R SR A ASD Sl E LI EIE TS, SRRVEBRRM KL
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MEMGEEERHEMSAE 11 FHN (B 3.9 M-0) , IAEE (Fb
WK SRR 443nm. 483nm. 563nm. 655nm LA 865 nm) HyYH—{LEY
FTARIRZE SN 27% 22% 22%. 20% LA K 28%.

XM Landsat 8 OLI {9 5 MEB GRIEEB . BBl SMAE
Bt 4% BLUA Rm 4T A B B R G ERAISEN ASD b B i S AT R
XY, S5 AR, P AR B A AL AR LR AR, AR IR B S OE B B
WA P B K, BRI B R BRI D B R R S R I BT I KA
Fad, 5T WLl R RRI R, BTSRRI A 2R A 4R I
BHIESNB KM, WA SRREHRELCEER, X2EAFMEK
R BB EYWRENE, KEF BRI REURAREE & T RERI
¥, RNMAEZERMNERARIABRKNER RN R, AABEZ)E,
BEE K, KA A K B TR SR S K, R R R R B AR
NBRE KNI ESHEE, HiMERREERINEH TRENES
Xt B Landsat 8 OLI f 5 AN i B 8 B S S % A1 ASD 2l vy 't v #dfs it

TG, ERERABRRFELMENEEEESIIBME 1:1 PIUCHE

3.9P-R) , ANWHE (FLEKSSHA: 443 nm. 483 nm. 563 nm. 655
nm P& 865 nm) HIF— I FTIRIRE DA 12%. 10%. 11%. 20%LL K
52%.

Bk, o2 Landsat7 32 Landsat 8 FI3038, HEB R & K&
SseE BE AU KB, FEELRERAARENEE,

AT BB 47 0 1 e 99 DA R 1 K A K R B A BT AT
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Fig. 3.8 Location of Lake Qiandao, Lake Taihu and Hangzhou Bay (A), distribution of sample

sites in Lake Taihu (B), Lake Qiandaohu (C) and Hangzhou Bay (C)

R 3.2 THM. AREACLRATMIE AR E] 0 RARIRE A )

Table 3.2 Sampling time and imaging time in Lake Qiandaohu, Lake Taihu and Hangzhou Bay

KEERFIE] AR (A FEAIMH R #% ID

2013 £ 12 2013412 A 1H 60 Xin’anjiang LCO08 LI1TP 120039 2013
H13H Reservoir 1201 20170428 01_TI
2013%8H 201348 H12H 60 Lake Taihu  LEO7 L1TP_119038 2013
9-10 H 0812 20161122 01 _TI
2014464 2014FE4H9H 60 Lake Taihu  LEO7 LITP_119038 2014
6-8 H 0409 20161116 01 _TI
201458 H 20144E7H30H 60 Lake Taihu  LEO7_L1TP_119038 2014
4-6 H 0730_20161113_01_TI
20154 H 2015%F4H12H 30 Lake Taihu ~ LE07 _L1TP_119038_2015
16-18 H 041220161027 _01_T1
20174E7H 2017 7H23H 50 Hangzhou  LCO8_LITP_118039_2017
2224 H Bay 072320170729 01 T1
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A AR AN B AL P BUMIE SEIE R R A 2 AE Landsat 8 i 7 WO AIT LL4HE
B k. By E« HRK: X Landsat 7 #5048 7 IOGHEE AL AN B N: T By
Landsat 8 £(48 7] WG RUIE L IMNE B ARG Q: MM Landsat 8 4 T WOCAE AL SMp BLAZ
o C. F. IML: KWIBRRSTELMEMZEMEEELERT; O: THHERRL
FIMENHEMEEEREE LT R SUNZER RS R LMEMZE AR ELER T
Fig. 3.9 Comparison between in sifu measured and Landsat-derived Rs(A). The in sifu measured
reflectance corresponded to the Landsat bands for Lake Taihu (A, D, G and J), Lake Qiandaohu
(M) and Hangzhou Bay (P). The spectra of the Landsat-derived Ris(A) for Lake Taihu (B, E, H
and K), Lake Qiandaohu (N) and Hangzhou Bay (Q). The linear regression between the in situ
measured and Landsat-derived Ris(A) for Lake Taihu (C, F, I and L), Lake Qiandachu (O) and

Hangzhou Bay (R)

33 EAERAAESHIE
BAKSEEESHMXBHESA (B 3.100 , EHEHZEEA:
0.04~14 m. BEARRE, 4060k BB B I G 3 R W 2 2 1A] B A B s O AR 56
e, ERRIEN BRI MESR, WAMERKJE RS G
A SRARER A PR Y155, St RIRRE 12 RZ B, FEE A E R
WA, MARERBTERENHE (B 3.1, 46fEEIRAT 12 X6,
2R EBEER SRR RN, BA kg R E & I 8] A R AT KT
BEAHE. EEMBEENESNNBERTERNRR, BEE LKL
FIF R 2, R k35 B T8 (8] B B0 K I RE R 2 A T B M I 2 77 SR A
KEEZE, B R EEERAN, RERE RE DB S wl O T4
Wi, WRAORERLSHEERERE. R 3.3-3.5 4 04% HEXR R [
fBRTIE T (10 R. 7 KM 3 KD, FWMBEHEMESRERSTER,
GERFW, LSRR RN TR SR RERESE 7 RUAR, EHEM
BHEAGAERE LMER, XRERIERALKESXN (FREE: 41;
ZEREER: 107; EFEE: 121; KIWFE: 776; RIFHE: 88) . 7EH
BIEIFEA 7 REGETIR T, @R aOe BA T2 E &8 X#HEHERE,
ZREFRARZME (FHFER. FFR. zHEE. FHEEUATER
BE#MX) UREERERBH AT 0.65, wERHESTHN: 0.71. 0.83,
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Fig. 3.10 Distribution of sampling sites for SDD model construction
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R 33 TNEEBERRERE A (BEER<10 X)

Table 3.3 Determination coefficient of the SDD estimation index with sampling interval <10 d

Bl R?2 (FAAR? (HER? (FR R? (F R? (=HR? (FHR? (RER? (%t

n=1393) n=285) ©n=1108) n=47) n=117) n=121) 0n=990) n=118)

™1 054 0.15 0.51 0.43 0.53 0.02 0.53 0.65
™2 0.68 0.48 0.64 0.61 0.65 0.50 0.67 0.71
™3 0.69 0.51 0.65 0.60 0.67 0.40 0.66 0.80
™4 037 0.17 0.30 0.15 0.62 0.08 0.30 0.66
TM4/TM1 0.01 0.01 0.01 0.014 045 0.09 0.01 0.08
TM4/TM2 0.01 0.01 0.01 0.15 0.15 0.01 0.01 0.09
TM4/TM3 0.20 0.10 0.20 0.26 0.02 0.13 0.16 0.01
T™M3/TM2 043 0.12 0.42 0.01 0.35 0.10 0.40 0.55
TM3/TM1 053 045 0.47 0.18 0.62 0.60 0.46 0.41
TM2/TM1 0.15 0.52 0.07 0.44 0.55 0.61 0.11 0.01
AV. (4, D 0.51 0.30 0.45 0.46 0.63 0.05 0.46 0.71
AV. (4, 2D 0.60 054 0.54 0.60 0.67 0.37 0.56 0.74
AV. (4, 3) 0.60 0.50 0.54 0.47 0.67 0.27 0.55 0.77
AV. (3, 2) 0.70 0.53 0.65 0.62 0.68 0.48 0.68 0.76
AV. (3, 1D 0.64 0:37 0.60 0.54 0.65 0.18 0.62 0.74
AV. (2, D 0.63 0.35 0.58 0.54 0.62 0.25 0.62 0.69
AV.(1,2,3) 067 043 0.62 0.58 0.66 0.32 0.64 0.74
AV.(1,2,4) 060 044 0.55 0.55 0.65 0.23 0.57 0.72
AV.(2,3,4) 065 055 0.60 0.61 0.68 0.39 0.61 0.78
AV.(1,3,4) 060 042 0.55 0.54 0.66 0.16 0.56 0.75
AV.(1,2,3, 064 047 0.59 0.58 0.67 0.28 0.61 0.75
4)

TMA4xTM1 051 0.32 0.45 0.37 0.62 0.10 0.46 0.70
TMAxTM2 0.56 048 0.50 0.46 0.66 0.26 0.51 0.73
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TM4xTM3 . 0.58 045 0.53 0.39 0.67 0.21 0.52 0.76
TM3xTM2 0.70 0.53 0.65 0.61 0.68 0.47 0.67 0.77
TM3xTM1 0.65 041 0.61 0.57 0.65 0.22 0.62 0.73
TM2xTM1 0.63 0.34 0.58 0.55 0.61 0.21 0.61 0.69
TM1xTM1 0.55 0.15 0.51 0.43 0.53 0.02 0.53 0.65
TM2xTM2 0.68 0.48 0.64 0.61 0.65 0.50 0.67 0.71
TM3xTM3 0.69 0.51 0.65 0.55 0.67 041 0.66 0.80
TM4xTM4 037 031 0.31 0.15 0.62 0.08 0.30 0.66

R 34 PRAERGEE RS (FEER<T 2O

Table 3.4 Determination coefficient of the SDD estimation index with sampling interval <7 d

e R2 (FTE R? (R R? CFE R? (F R? (BHE R? (ZH R* (R R? (R
b3 Vi ME| YA BEE S B R TR JLFR

n=1133) n=269) n=864) n=41) n=107) n=121) n=776) n=88)

™I 048 0.13 0.52 0.41 0.47 0.02 0.56 0.71
™2 0.62 0.50 0.65 0.59 0.60 0.50 0.72 0.77
™3 071  0.55 0.70 0.72 0.65 0.73 0.71 0.83
T™4 041 025 0.39 0.10 0.57 0.08 0.38 0.61

TM4/TM1 0.13  0.11 0.01 0.10 0.43 0.09 0.01 0.11
TM4/TM2 0.01 0.01 0.01 0.17 0.13 0.01 0.01 0.10
TM4/TM3 0.15 0.10 0.15 0.21 0.01 0.13 0.17 0.02
TM3/TM2 046 0.14 0.51 0.01 0.37 0.10 0.49 0.62
TM3/TM1 055 0.52 0.54 0.09 0.64 0.60 0.53 0.61
TM2/TM1 0.16 0.56 0.05 0.42 0.58 0.61 0.05 0.02
AV. (4, 1> 047 0.23 0.51 0.43 0.58 0.05 0.53 0.72
AV. (4, 2) 059 053 0.60 0.57 0.63 0.37 0.62 0.77
AV. (4, 3) 061 046 0.61 0.39 0.64 0.27 0.61 0.78
AV.(3,2) 066 0.54 0.68 0.59 0.64 0.48 0.71 0.81
AV. (3, 1) 058 036 0.63 0.49 0.60 0.18 0.65 0.79
AV. (2, 1) 055 036 0.60 0.52 0.57 0.25 0.65 0.76
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AV. (1, 2, . 061 043 0.64 0.54 0.61 0.32 0.67 0.79
3)

AV. (1, 2, 0.56 040 0.59 0.52 0.61 0.23 0.62 0.77
4)

AV. (2, 3, 0.64 0.53 0.64 0.56 0.64 0.39 0.66 0.80
4)

AV. (1, 3, 0.57 037 0.60 0.48 0.62 0.16 0.62 0.78
4)

AV (1, 2, 0.60 045 0.63 0.54 0.63 0.28 0.65 0.79
3, 4)

TM4xTM1 048 0.26 0.51 0.32 0.57 0.06 0.52 0.71
TM4xTM2 056 043 0.56 041 0.61 0.23 0.57 0.74
TM4xTM3 0.59 042 0.58 0.31 0.63 0.21 0.59 0.76
TM3xTM2 0.70 0.55 0.68 0.57 0.64 0.47 0.71 0.81
TM3xTM1 060 041 0.63 0.52 0.61 0.22 0.66 0.79
TM2xTM1 055 034 0.60 0.53 0.56 0.21 0.64 0.75
TMIxTM1 043 048 0.52 0.41 0.47 0.02 0.56 0.71
TM2xTM2 0.62 0.50 0.65 0.59 0.60 0.50 0.71 0.77
TM3xTM3 071 054 0.68 0.48 0.65 0.40 0.70 0.82

TM4xTM4 041 025 0.39 0.10 0.57 0.08 0.38 0.61

R 35 NAREYE REa0A (B EEFRE<3 KD

Table 3.5 Determination coefficient of the SDD estimation index with sampling interval <3 d

RE R? (FTF R? (BER? CFE R? (FRER? (& R? (HR? (R R? R

n=623) n=75) 1n=548) 1n=10) 1n=3) 0=41) 1n=499) n=51)

™1 056 0.06 0.62 0.42 / 0.001 0.65 0.75
T™M2 0.70  0.63 0.73 0.79 / 0.51 0.76 0.81
™3 0.72 0.68 0.72 0.80 / 0.66 0.73 0.85
™4 045 0.14 0.48 0.42 / 0.14 0.47 0.75
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Fig. 3.12 Performance of power function model based on the red band of Landsat in five lake

zones and all lakes in China
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Table 3.6 Performance comparation of different SDD estimation models in previous studies

o Hik a b c d e RMSE R? Bk
= (mg/L) SCHER
a SDD=a*TM2° 0.009 -1.69 / / / 1.15 0.68 [181]
b SDD=a*TM4+b -22.67 2.55 1.70  0.20 [184]
¢ SDD=exp(a*TM1 +2.67 2424 1.61 / / 135 0.62 [183]
b*TM2+c)
d SDD= 1.32 -29.05 -3.23 355/ 142 044 [172]
a*TM1+b*TM3+
c*TM4 +d
e SDD=ag*TM3/TM2 -2.48 2.78 -25.07 244 578 116 0.63 [182]
+b*TM1/TM2 +
c*TM1+d*TM2/T
Ml+e
f SDD=a*TM33+b*T-3725.3 1326.0 -153.1 6.67 / 1.20 0.60 [186]

M32+c*TM3+d
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Fig. 3.14 Locations of Taihu long-term observision sites. The sites THLOO-THLO8 represent
sampling sites from 1992 to 2016, THLO9-THL13 represent sampling sites from 1998 to 2016,

and THL14-THL32 represent sampling sites from 2005 to 2016
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with time in Lake Taihu and linear relationship between observed and estimated values of SDD in
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Fig. 4.2 Temporal changes of SDD from the first period (1960s -1995) to the second period
(2005-2016) in five lake zones. (a) Number of lakes in three categories (decreasing, increasing, no
change), and (b) SDD in the five zones (EPL, Eastern Plain Lake zone; YGPL, Guizhou Plateau
Lake zone; NPL, Northeast Plain Lake zone; IMXL, Inner Mongolia-Xinjiang Lake zone, and

TPL, Tibetan Plateau Lake zone)
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Fig. 4.3 Spatial distribution of SDD in the first period (1986-1990) in NPL (®), northeastern part

of the IMXL (®), western part of IMXL (®), YGPL (@), TPL (®), and EPL (®)
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Fig. 4.4 Spatial distribution of SDD in the second period (1991-1995) in NPL (), northeastern

part of the IMXL (@), western part of IMXL (@), YGPL (@), TPL (®), and EPL (®)
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HFEMX, O@RRRBFERX
Fig. 4.5 Spatial distribution of SDD in the third period (1996-2000) in NPL (D), northeastern part
of the IMXL (®), western part of IMXL (®), YGPL (@), TPL (®), and EPL (®)
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REFEEAILEBE, OREZHHEAILRBKX, OREsRREIK, OREFTR
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Fig. 4.6 Spatial distribution of SDD in the fourth period (2001-2005) in NPL (D), northeastern

part of the IMXL (@), western part of IMXL (®), YGPL (@), TPL (®), and EPL (©)
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Fig. 4.7 Spatial distribution of SDD in the fifth period (2006-2010) in NPL (®), northeastern part
of the IMXL (®), western part of IMXL (®), YGPL (@), TPL (®), and EPL (®)
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Fig. 4.8 Spatial distribution of SDD in the sixth period (2011-2015) in NPL (), northeastern

part of the IMXL (@), western part of IMXL (®), YGPL (@), TPL (®), and EPL (®)
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Fig. 4.9 Spatial distribution of SDD in the seventh period (2016-2018) in NPL (@), northeastern

part of the IMXL (®), western part of IMXL (&), YGPL (@), TPL (®), and EPL (&)
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Fig. 4.13 Long-term variation of SDD in each provice from 1986 to 2018 (the red indicates the
decreasing trend; the blue indicates the increasing trend)

71



#=TF Google Earth Engine FI E#iH:E W E R & B R EEE RS

4.4 KREING

MREEFRAENE T URRREINREVRERELSRERE, &2F
W1E 2005-2016 S EHIEAMEL 1960s-1995 EFLEZE FREAHEE. E2EL, &
PETRAWNFEEFERTL PR, sHmEUEFRILFREREX,

ZT Landsat 38R 5 2 FIA SO @ E B AL B R, AR T £ EH
THIE BN T A E . RSP FEA AR I R R A BIR KB E,
FESSME S5 0.534£0.17 m A1 0.4710.29 m. = 5 e JR AN E ok v JBL U K1 32 W P A
B, FHEPE S 1.1940.86 m 1 1.08+£0.83 m, ZHEE A4 EBIA
PENfE T W&, FEFEHES 729 0.70+0.57 m 1 0.884+0.73 m.

MNE X AERHEEE NN BRI RE, REBHEHIAEHER
RRI AT B, RKRMEN 1986-1990 £ 0.58+0.23 m, &/MER
2006-2010 B B 0.48+0.15 m. FRILFIRMAEHEBAEZIA T HEM
B, &KMEN 1986-1990 K 0.5140.34 m, FH/MEAN 2001-2005 £/
0.41+0.23 m. X H m EWEZENE N T 0.5 m MMIHEEEN FTHRMBYE,
TMiZEWHERE 0.5-1 m FIHBERRIEHEN AR TRERIES, HH
EAE 1-2 m MIAEEENERIA EFHES, EWHERAMEN 2011-2015
FH 0.83+0.63 m, H/MMEN 1991-1995 FEIT ELAHY 0.54+0.40 m. = 5 & H
WMEENANZREEENM AR EFRRAHA RN LT e FRERKE
%, mK{EA 2016-2018 F M 1.47£1.20 m, H/MEN 1991-1995 F
0.92+£0.42 m. 8 = JREIE B U R A RIE LA MBS, R KXE N 2011-
2015 K 1.32+0.84 m, H/MEK 1991-1995 £ 0.75+0.64 m. 4 HH
EREAT 0.5m KB ERAAN LTS, 0.5-1m BEHERERT
ATEMES, 2 m WHASEREHEN EARTHEES, 2 m L
HIB A EN Ry BT, &KMEHN 1996-2000 £ 0.86+0.73 m,
w/ME DY 2006-2010 B B 0.78+0.65 m.
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Fig. 5.26 Map of water surface in two periods and disappearance area of Pohu Lake
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Fig. 5.30 Map of water surface in two periods and disappearance area of Poyanghu Lake
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Fig. 5.31 Map of water surface in two periods and disappearance area of Hangdahu Lake

16"y e 116"0'0"C 16°0'0"E
1 1 1
Jeri] R o
1986-19904= 2010-20151T% , S A :
L | 160 ., | wrAS .
2 Ha -2
g g 2P, . |z B =
HE !
1 - i ]
16°00"E 16°00": 116°00"E

B 5.32 K E R AN B A DL R KA T R X

Fig. 5.32 Map of water surface in two periods and disappearance area of Longgan Lake
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Fig. 5.33 Map of water surface in two periods and disappearance area of Nanyi Lake
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Fig. 5.34 Spatial distribution of mean precipitation
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Fig. 5.35 Long-term variation of precipitation in each lake zone
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Fig. 5.52 Long-term variation of night light in each provice
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Fig. 6.31 Annual variation of SDD and night light and linear relationship between them in each

provice
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R 63 AMXK/IEZEAD. F5ZEVEMAXRBLUK P ESTER
Table 6.3 Statistics of correlation coefficient and P value between population, GDP and SDD in

each provice, lake zone and China

EBEX/AE R P1 R2 P2 BX/AEE Rl P1 R2 P2

7 B’ 005 >0.1 -0.07 >01 I % -0.48 <0.01 -0.33 <0.01
b = 006 >01 -011 >0.1 I 7 045 <0.01 -0.39 <0.01
= 0.57 <0.01 0.9 <0.01 Pt 78 048 <0.01 0.14 >0.1
IR -0.53 <001 -032 <0.05 L & -0.49 <0.01 -0.37 <0.05
B®OM 020 >0.1 040 <0.05 M Ji 042 <0.05 0.57 <0.01
w4k 022 >0.1 -021 >01 7§ 0.73 <0.01 0.60 <0.01
BT 035 <0.05 -0.10 >0.1 # & 0.70 <0.01 0.57 <0.01
i 047 <0.01 -040 <0.05 = & 0.14 >0.1 -0.14 >0.1
W 001 >0.1 -0.10 >0.1 #f IT -0.35 <0.05 -0.10 >0.1
R 0.10 >0.1 028 <005 F & 048 <0.01 023 >0.1
o # 024 >0.1 -030 <005 = & 0.01 >0.1 001 >0.1
A ] 0.17 >0.1 -049 <001 ZF ¥ 0.11  >0.1 0.06 >0.1
TR 007 >0.1 008 >01 %X it 0.01  >0.1 001 >0.1
HNEE 025 >01 -0.13 >0.1 &K & -0.35 <0.05 -0.37 <0.05
T B 036 <0.05 047 <001 4 H 0.03 >0.1 -0.02 >0.1
H & 0.03 >0.1 -0.14 >0.1

Rl RREHXAEEAOSEHEBHEXREG P1 RAEMIR/ABEAOSEHERR
& P{E; R FREMRKERALFEEVUEHRRRAYE: P2 RAEHIRKAEEFSEHE
A P E.
6.5 EAEMNZTXESTH

ETEE3IAE (ZE. b, B&. Bl &/, T, =M. &
B, Wdb. AR, B, iAo, WiE. EHARL IO, A, T AR
H. TE. FE LR, LA, BAE. L. ). RE. TR, HE.
ZE. WL RER) MEHE (SDD) . W (Rain) « A& (Wind) .
£ %% (GDP)\ A O (POP) . JH— 4L HE # 36 H (NDVD) BL K& B 8] AT >t (Light)
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BOEEWE, RATFARENLARR T IER E R o TiES T 7T NEES
o S AR AR A x4 B 4% 4 WA VA 5% PR P I I AR AL RO AR X STER - SR T BEHTLAR AR
M7 (B 6.32) 45 B R IFAER AN KIE 358 55 00 R (A AT D' 204 X 3 W1 22
I EkE T Mhietn, PERAREFNEE D ARt (B 6.33, SD =
0.75xLight %24) . K. . NDVI. AOUKSFHENZHENEE
PR RAL, EEREN L, FHFEERIHEZMRME. TR THTT 6
AN R4 ET DL SR W0 VA B BA B L SR DL R NSRRI TR AR 95% )3
1k, 3 H 65%F AT LAHBEA E M5 (PCLH PC2) #ATRIE (B 6.34,
®6.4), Hd PCl 7] LABERE 42.32% M8 &, PC2 AJ LLARRE 22.62% K2 &
(Bl 634, £64) .
K61, 62 AR TE—FERASME TR EEWRE . AR
PAR S AL TR AR X R
PC1=0.82POP+0.77GDP+0.52Light+0.77Rain+0.03Wind+0.77 NDVI-
0.49SDD (6-1)
PC2=-0.19POP+0.23GDP+0.52Light-0.39Rain+0.84Wind-0.35 NDVI-
0.49SDD (6-2)
## POP. GDP. Light. Rain. Wind. NDVI I SDD & BIRE & H A
O E. ERAESSME. RETK, BR. K&, B E¥EBEHRUILE
BB
PCl TUMBEES®SE BMWAOHEFEEMH (R=078,
POP=0.20PC1+1986.80 , P<0.001) , 97% 7 GDP 7% 4k ( R*=0.97,
GDP=1.08xPC1-2502.40, P<0.001) , 57%MI & AT X%tk (R*=0.57,
P<0.001), 28% {1 F& /i 251k (R?=0.28, P<0.05), 45% /] NDVI 2 {L(R?=0.45,
P<0.001) BL R 12%KIE B EZ L (R?=0.12, P<0.1) , PCl f@RR/NEH
M RGE AR L (R?=0.002, P=0.63) . PC2 A LLfERE 24%M A O =T
(R?2=0.24, P<0.01) , 96%[ GDP & (R?=0.96, GDP=4.87xPC2+3737,
P<0.001) , 29%MIW AT AL (R?=0.29, P<0.01) . PC2 fABRIR/NE
Bl ) P2 PR 22 k. (R?=0.094, P=0.33) , X & &1k (R*=0.048, P<0.52) , NDVI
e # A 4h (R?=0.062, P<0.41) LLRZFEHEZEN (R*=0.054, P<0.50) .
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Fig. 6.32 Contribution of human activities and climate change to SDD long-term variation
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Fig. 6.33 Relationship between SDD and night light in each provice
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Fig. 6.34 Interpretable percentage of each dimension for human activities and climate change
variables
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Table 6.4 Principal component analysis of human activities and climate change in all provinces of

China

PC1 PC2 PC3 PC4 PC5 PC6
Eigen values 2.96 1.58 0.85 0.72 0.44 0.26
% variation 42.32 22.62 12.14 10.38 6.27 3.67
Eigenvectors
POP 0.82 -0.19 0.01 -0.45 0.10 -0.16
GDP 0.77 0.23 0.39 -0.23 0.28 0.11
Light 0.52 0.52 0.36 0.54 0.01 0.02
Rain 0.77 -0.39 0.13 0.16 -0.39 -0.22
Wind 0.03 0.84 -0.05 -0.36 -0.39 0.07
NDVI 0.77 -0.35 -0.36 0.09 -0.11 0.37
SDD -0.49 -0.49 0.64 -0.17 -0.19 0.17
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Fig. 6.35 Principal component analysis of human activities and climate change in all provinces of
China
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BES BBUAMGRMEEEAMR, TERABEE, EEEMAKE
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BE . MEEMX, BRIEKREFRB—1TE (B 638) . X 6-3 1 6-4

DHERTE-FRANE_ERS SWMAME. HLERBEHRER:
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P<0.001), 74% M7 v 7K IR 24k (R?=0.74, WD=0.07xPC1+2.26, P<0.001),
55% )i B2 AR 1k (R2=0.55, P<0.001), 33%[1 & B2 1k (R?=0.33, P<0.05),
22%M1 BB B (R?=0.22, P<0. 1)Ll & 26% 1 it 4% R A K (R?=0.26,P<0.1).
PC2 A LLIERE 56% K EHE LM (R*=0.56, SDD=-1.01xPC2+71.33,
P<0.001) , 77%HIimEA 4L (R*=0.77, Tur=1.13xPC2+62.59, P<0.001) ,
42%H0 K IE AL (R?=0.42, WD=-0.069xPC2+4.08, P<0.001) , 16%MIH}
ZEFEAMN (R?=0.16, P<0.1) . PC2 i REAR/NVEHE M E B &L (R*=0.074,
P=0.45) UK EBEZH (R=0.025, P=0.63) .

Percentage of explamsed vanances

Dimenzons

B 6.36 &H 0wl ERHHHAREEHE
Fig. 6.36 Interpretable percentage of each dimension for physicochemical variables in MLRYR
lakes
F* 6.5 ETHEWEYERAERIRN ERLS TITER

Table 6.5 Principal component analysis of physicochemical variables in MLRYR lakes

PCl PC2 PC3 PC4 PC5 PCé6
Eigen values 3.50 1.89 1.42 1.09 0.66 0.62
% variation 34.97 18.91 14.15 10.89 6.62 6.18
Eigenvectors
Water_temperature 0.47 0.49 -0.32 -0.41 0.37 0.12
Secchi_depth 0.79 -0.37 -0.35 0.24 -0.08 0.13
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pH -0.40 -0.64 -0.16 -0.47 -0.14 -0.17
Dissolved oxygen -0.52 -0.75 0.09 -0.16 0.04 0.21
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Fig. 6.37 Relationship between SDD and physicochemical variables (water depth, Chla, TP and

TN)
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Fig. 6.38 Principal component analysis of physicochemical variables in MLRYR lakes
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