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Abstract

Lakes, seen as special inland waters on the earth surface, are important natural
resources closely related to human survival and development. There are many lakes
widely distributed in China. These lakes can be divided into five limnetic region
according to geographical locations, i.e., Eastern Plain Limnetic Region(ELR),
Northeast Plain Limnetic Region(NLR), Inner Mongolia-Xinjiang Plateau Limnetic
Region(MXR), Tibet-Qinghai Plateau Limnetic Region(TQR) and Yun-Gui Plateau
Limnetic Region(YGR), respectively. With the rapid growth of population and
urbanization, lake ecosystems face increased environmental pressure, as well as the
global warming. Many environmental issues as lake eutrophication, decreased
transparency and algal blooms occurred, and massive growth of algal particles and
other aquatic organisms also change the underwater light field, which resulting in the
degraded ecosystem service function of lakes. Therefore, it is important to strengthen
the monitoring frequency and ability for lakes which could provide valuable
suggestions and references for environmental policy-makers.

This study developed a remotly sensed SDD empirical model using Sentinel-2
MSI imagery and their atmospherically corrected normalized leaving-water
reflectance. This model was used to map spatial and temporal transparency in
investigated Chinese lakes with surface area larger than>> 1 km? in 2020. Further, the
driving factors of spatial SDD patterns in five limnetic were explored. The main
findings of this study were as follows:

(1) We collected 431 water samples from 63 field lakes in 2017-2019, and the
lake transparency showed significant seasonal differences. The lake transparency
increased from spring to autumn, and decreased in winter. In terms of geographical
distributions, lake transparency gradually decreased from west to east, with higher
transparency were found in the TQR and lowest values in the NLR. In these four
study areas (no sampling sites in the YGR), the distribution of lake transparency

showed a decreased order as TQR > MXR > ELR > NLR.
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(2) Based on the correlation analysis between 431 water quality parameter data
and transparency, the main reasons affecting the transparency of lakes in the NLR are
water turbidity and non pigment particles; Human activities and nutrient input from
lakes are the main factors affecting the transparency changes of lakes in the ELR; The
non-point source pollution and climate dryness caused by activities such as industry
and agriculture are the main factors causing changes in the transparency of lakes in
the MXR; The conductivity of lakes in the TQR is high, and the concentration of
dissolved ions in the water is high. The input of nutrients causes changes in the
structure of phytoplankton in the lakes, further affecting the nutritional level of the
lakes.

(3) The normalized leaving-water reflectance corrected by C2RCC processor
from Sentinel-2 MSI imagery were used to develop a SDD empirical model. The SDD
model exhibited a good performance with regressional determined coefficient was
0.83 for calibration dataset (N = 287, RMSE = 0.46 m, MAE = 0.36 m) and 0.72 for
validated dataset (N = 144, RMSE = 0.62 m, MAE = 0.49 m ). Therefore, our model
can be used to map SDD distributions in a lage scale.

(4) In 2020, considering the different SDD levels as 0-0.50m, 0.50-1.00m,
1.00-2.00m and 2.00-4.00m, the proportions of lake numbers were 44.33%, 17.09%,
16.02% and 18.24% respectively. The investigated lakes (area >1 km?) equipped
with > 4.00m transparency accounted for 0.04%. We also found that the spatial
transparency distributions had a increased order as TQR > YGR > MXR >
ELR > NLR.

(5) The transparency of five typical lakes in 2015 and 2020 were examined, and
the lake transparency showed the ranges of 0-8.00 m. Of which, Qinghai Lake
generally showed the highest transparency, and Xingkai Lake has the lowest
transparency. Significant interannual variations of transparency for typical lakes from
Bosten Lake, Xingkai Lake and Hongze Lake were found. In 2015 and 2020, the
transparency of Bosten Lake and Erhai Lake increased.

(6) Based on the SDD results, we also examined the trophic state index (7S]) of
these lakes in 2020 according to Carlson trophic state index. Considering the different

v
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TSI levels as 30-50, 50-60, 60-70 and >70, the proportions of lake numbers were
22.47%, 16.02%, 17.09% and 44.33%, respectively. Only 2 lakes were counted as
poor trophication(0< 7SI< 30). We also found that the 7S/ had a decreased order as
NLR > ELR > MXR > YGR > TQR.

(7) The drivring factors, e.g., hydrological factors (lake area, lake volume and
average lake depth), meteorological factors (average annual precipitation, average
annual wind speed and average annual temperature) and socioeconomic factors
(spatial distribution of population, gross domestic product) were used to analyze the
relationships between them and lake transparency. The results showed that, among the
investigated lake hydrological factors, lake volume significantly correlated to lake
transparency. Considering the natural factors, the altitude showed a significant
positive correlation with lake transparency, signifying the high altitude lakes had high
transparency. In addition, among the socioeconomic factors, the population and GDP
did not show a strong correlation with the transparency of the lake.

In summary, Sentinel-2 MSI images combined with empirical models can
achieve large-scale regional transparency inversion, and the results are of reference
value. The transparency of lakes in China shows obvious seasonal differences, and the
transparency of lakes gradually decreases from west to east. Lake volume and
elevation are the main reasons for the differences in transparency. About 80% of lakes
in China are in different degrees of eutrophication, and the problem of water ecology
and environment should not be underestimated.

Keywords: Chinese lakes; transparency; Sentinel-2 MSI; remote sensing

reversal; driving factors
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AR B A8 ik Bt S K o A S B 5 — N K ol 5
BEEEE, BEEEXFH E YR A S S B AT SR A S AR R Y

B D IR S A JE ARG 7 AR T T W £ 7K P55 Bl Ao e 2 5 58 7 )
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SRIK T P B B RO 2 18] 0 AT A5 0 o AR D370 2 T SRR BE PRI Bk, (H e T
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XIHNEEOS) (2017) A8 MODIS S245 7™ it %o 55 8 e Ji (00380 V528 W P AT 1
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(2) oM SRR T R
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V2 R AR U R, I B P EESRAR A o AT R — R R A 4
A% 7 AR B KR 23 ) — Pl 7 ik o %7 VARG B 05k, LA AR 41038
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—EMMESER G HEWT (2022) F:F Landsat8 OLI 43 & T i 456
T EAE Y, 7E QAA BVEIIERS EINA THMSHEH B (715 nm),
13 7N TR A BRI
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1.2.3 Z U R 22 A0t FU itk e
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T, 2R FEE NBO (2022) FIF Sentinel-3 OLCI 32 8525 A H i W0 0 11 3% W
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T EIE I AR, RIE T 2001-2018 SEVE IS B B S AR RRAE, R
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3 U P (B 2 A RRAE, S5 SRR A, RIS KA B B A Rl or A RIS, 2R
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N B R A A S JE A VIR OC R, N AN R SRR R kAR, 5 Fi 8]
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W RE R/, IF BRI AL M0 1 7R AR b B, DT 2 0 7K A%325 B B2 AK€ 45
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AW ETAER, KRB EA T RERE, REZRENEm, IS
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I TR] 8 FL AU 1 by BRASEAE A K R /KA R GUHEAT T 7K PRI, 28 SR A4
TR, IEWIEEAE 6.00-13.50m 2 (8], Wi B R, KT RLERE, mT
i PR A B AN AR R SRR, RGN 32 B R RE AR K, SR 5E AP (2009) X
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Landsat 521808 5 H 7 S HOR SRR IS BB, 45 TR N SERAD IS 2 5 i
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Figure 1.1 Technology route
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Figure 2-1 Distribution of sampling sites for field experiments
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#2.1

Table 2.1

Statistical tables of field sampling lakes

Ea@ P R S MEES A IS

5 WHARK N E KEERW CREESE w5 WhRAK N E REEEH SRR R
1 N 45.318952 132.627368 2018.07 12 32 MEFEKEE  41.400815  124.307575  2018.10 5
2 N 45.318952 132.627368  2018.10 9 33 LS E AT 38.203443 97.597673 2019.09 1
3 A% 31.339507 90.568789 2017.08 2 34 Ep AT 41.288518  125.509097  2018.10 9
4 H&ERKE  23.090829 115.092201 2017.07 1 35 PR 33251286  118.768677  2019.01 9
5 H#ERKE  23.090829 115.092201 2019.04 5 36 L] 33251286  118.768677  2019.04 2
6 HIEZRKE  23.090829 115.092201 2019.10 6 37 T 33251286  118.768677  2019.11 8
7 LK 2 42.434924 127.053888 2019.06 6 38 T 33251286  118.768677  2019.08 3
8 LI 31.628197 117.405623 2019.04 9 39 F & o 1) 37.292642 96.913695 2017.08 8
9 AR A 32.053881 91.450438 2017.08 5 40 Fl & i 37292642  96.913695 2019.09 2
10 ik BB 43.284619 116.585937  2019.07 19 41 2 oK Ik 36.126643  101.794885  2017.09 6
11 KIFWOKE 18958191 109.015421 2017.07 1 42 2R Ik 36.126643  101.794885  2019.09 12
12 K%L 45.182203 132387118 2018.10 19 43 X Rk 35.875774  103.302054  2017.09 9
13 g 40.568179 112.677014  2017.04 2 44 XI| 2R Uk 35875774  103.302054  2019.09 11
14 i 40.568179 112.677014  2019.08 8 45 e 2k 36.124950  100.722437  2019.09 7
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63 AN/ 42.706507 119.697539 2019.07
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2.3 K E KRS HFNKALE 73 IR UE HEIR X

(1) ¥R (Turbidity)

S 263 R ) & A JE T UV-2600 PC 43 M6 BETHSEILM . B Sk K
PERCE B =I5, B 1RV UG A K REAE b€ I MBE TR B b K3 » S0 & o i
Bt R VA YRR 7S 40 Y 2 DU Jlg v VRO 5 A9 30 2 — b i FE AR R (4000NTUD, K¢
ATKZARL 0.20 pm IS LT 4k P8 IE L EAF B 258 — AR AEWR . 7E 680 nm ALAE
2 3.00 cm (14 b E L4 J5 00 5 PR b o A RDBO'G JBE T R A A v 2%, DAERAS I
/K FERI AR, B4y NTU.

(2) REEY) (TSMD

SO0 & AR TR B R (R AR E v o Sl 2 MBSE (400°C) 1) GF/F
PR AE eI T e KRE, JEREFLAZN 0.70um, FEREEARESR T, o3tk
IKFERIRRR . G UEIEAEHEAR T 65°CHET 4 /NI DL b, SR JE AR E, By kil

SRSy . PEIRFRE I E B BRI E R, FRR USRI, &
ZAEAFHBIEIRIE, A2 mg/L.

(3) &gz (Chl-a)

IKEEERL 0.45 pm IR A YRR KD IR UE . T 90% P i 22 i VA VRLAE RE I 2%
PRI 24 h, R Chl-a. H UV-2600 PC 7066 iH7E 630 nm. 647 nm. 664
nm A1 750 nm AW E B REOTRIRE . B4 pg/L.

(4) HEOEMIEAYY (CDOM)

B 0.70um FLAEMI BT 4ER% (GF/F1825-047) i I8 /KFE LR 2 Bk,
BE—PiE R 0.22pm FLAE B S BRR 16 I (Whatman, 1106063 €, f# ] UV-2600PC
536G EETHLE 200 - 800 nm AL & 1A (B EA HLY (CDOM) KB E (OD),
TH5E CDOM W 52 8, LA 440nm AW R k7 CDOM Rk EEAE K/

(5) BSR4 3R RN R R BUR AR

KA BB A B, £ 0.70 um LA BIELFYEE (GF/F1825-047)

PERRLY), I UV-2600PC 4366 FETHAE 300 - 800 nm AL W& 7KK o s Bk
VORISR B, AE IR G BR AN UL IR A T V5 3RS AR e Ok A e i, T o
BB TORL AL o
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(6) HA (TN)

FIH 0.45 pm FLAR BT e JEROL I8 — e AR IR RE, SR 18 A S 5)
ST, BT ERZE L TR O AR B RIKE, BN mg/Ls

(7) Ktk (TP)

FIH 0.45 pm FLAR BT e JEIROT I8 — e AR IR RE, SR 18 A S 5)
ST, B TRIRE /MR IR R BIR B AN mg/L.

2.4 Sentinel-2 MSI ##EFXEL 540 1E

2.4.1 Sentinel-2 MSI ¥4 FREX
Sentinel-2 MSI T2 1 &L AZR T B 3 WM TR = 8F 3 J TF 8ok v 7] vt
(https://scihub.copernicus.eu). Sentinel-2 757> #F R Z IS RUE L2, A3 2A
F1 2B PIRIELN, Sentinel-2A 1 Sentinel-2B 43 4T 2015 4E 6 H 12017 4 3 H
KRG HBAMAH o H BB T — M2 688 & 4 (MSI, Multi Spectral
Instrument)"7), 3& FH T XS R HUIA ST HEAT IS I, TR AT TSR e . 4%, KT
i PR KON X 58, A AT RS fEBUEE Y 768 km, %%
9290 km, FLJOWIFEEAY 10 K, UM BASN 5 R, 7E58 5 5 26 B Hh X
MR 3 Ko
Sentinel-2 MSI (61 55 1 0l WO, Im4rhh, JEIRLA4MNE 13 N aip B .
FEIXREEP B, AT WO ITZLAMGHI A1) 73 #8309 10mo IR R £ 4177 18] 73
iy 20 my 60 m AN, 21500 B S5 A AN 7 i TS AT AR B HUR B A DR 120,
17 R 22 6T AR RT DABR A DGRl AR A A G DA S N B K R B AR A 2545 B, o0
AR PR FH 7K 0 38 SR 7T R A B2 . Sentinel-2 MSI IR B EEA(E B0 T
(F£2.2):
# 22 Sentinel-2 MST 2B & E

Table 2.2  Sentinel-2 MSI satellite band settings

S2A S2B
ERFS FoEKmm) B (nm) HOEKmm)  FHHmm)  BESPE
1 443.9 27 4423 45 60
2 496.6 98 492.1 98 10
3 560.0 45 559 46 10
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4 664.5 38 665 39 10
5 703.9 19 703.8 20 20
6 740.2 18 739.1 18 20
7 782.5 28 779.7 28 20
8 835.1 145 833 133 10
8a 864.8 33 864 32 20
9 945.0 26 943.2 27 60
10 1373.5 75 1376.9 76 60
11 1613.7 143 1610.4 141 20
12 2202.4 242 2185.7 238 20

2.4.2 Sentinel-2 MSI {5 4b 3

Sentinel-2 MSI P SEAR K T 82 )5 F7 ST TAL B, A REfE ENVI A
Arcgis BT RS TAE. S REEH K T — %140 Sentinel :51 T
BB —SNAP, iX—F & 3 FFb P Sentinel-1/2/3 57 il ASCfEH
[ 72 Sentinel-2 MSI L1C /i, X— /il C&MM5E 1 JUFIRIEMAR IR, %
7E SNAP7.0.0 FAF-F & H T KSR IE. C2RCC KAMRIEFHIE/EH Doerffer.R
A Schiller. HU2 T HA AR T4 22 o 2% (1) K AR R SRR IESRE, 38 M 4 X 28 B ADL 4
S ARSI R, AL AR IE 5 /KA S S 2 R0 K S T2 i i e FE R 4022 R
P RE SR R AR B S HO SRR A A I E 1) ER B L KR AE
R A A2 NERIME 330 DU; SR NERINE 1000 Pa; S EIFY)
bpart K| 7 EMEN 1.72, bwit BIFBRINME DY 3.1; 43R $E48 CHLexp BI7-ERIA
{5 1.04, CHLfak PRl TERIME N 21.0; tosa 158 W0 25 31| 25550 4 B 8 BRI (B
0.05; KRR IE S e 2 W 2% Il R B a S BB BR AR 0.1; = B4 R 4735
S ELERIME N 0.955. 7EX] Sentinel-2 MSI $df #1712 IER) , C2RCC FA R
B8 UK BAL K S AR I i . = S KR TS, O T SRR R BUK RS B
A LAIE 1 K B AA

fE SNAP BHGHAZ MG, AT iSRG .. 4 Resampling 5
KR L H A BB I S ) 3 HER R AE N 10 m J5, IRAFCH image & . 4
HRMIPTA BB image SCHFAE ENVIS.3 HEET &9, BRI RA LG H T KK
REIEAL T, Fe 2445 51] 443.492.560.665 704 K1 740 nm Kb (K3 — 40K S5 2R (rhown
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7).
fERRFER TR AT S 7RI, Lol b n DRERZGHT 2L . &ILJLRE
27 198 s H T A SO 5E

2.5 HIRIFME E R HHEIRE

ARICWEFE, WK OB MEEAR AT AR WP IR AR, Sk E
Hydrosheds $(# 45 Chttps://www.hydrosheds.org/products). < 5 EHE (I3 (B¢
KSRGSk B SRS R A S H R L (https://www.resde.cn/)
IR, A BRI SRR 2 AN O e 7 AR A = (N S )43 A
PR Al 124,

2.6 IKIAHEIEALIEFN NDVI 15 8UE

TERAT KR S HOR BT, SEBUITAK AR R B2 b B e KR R =
1 SR EUAT UHERR 500 /K AR AR K DX AR i A %38 B S TR R R T o AR
SCAE F sk i VA — 1k 22 K AR F5 B (MNDWI, Modified Normalized Difference
Water Index) $EEUKAEIA T HRIAFKISITE 2005 FFABIE T BRI —10 2 Fok i
6% (NDWI, Normalized Difference Water Index). NDWI f& Mcfeeters 7£ 1996
SEAR R I U26), e F I BT £ A BT SAS B IO BUE,  DATR SRR 3 24 18]
EFER, K BRI BT AR FIAE AR AR PN XA KRR 2L ST £ 41 B
WR ST S it FG SR AREAE AN PTG B3 2T 4 B0, T ARLARE T I 21 A B 11 S S
gk FTLL, 8RG0S LA B RN R (5 B s K IR FEAE /N,
T 2 H KA 27,

{H Mcfeeters TEGESL. NDWI B, AURRLRE AN, 02 T 55—
HERNT, MRS . AR BRI AN B, HO R S KR IE A AR
A, RIAGBEIN R LT L ANE B S % . FrL, £ NDWI k&S, 5
B RSB EAES N R, AR EEE R, RS SRR .
P ASSCAE FH T MNDWI SRR — 209, Bk AT

MNDWI=(Rcreen-Rswir)/(RGreen+Rswir) (2.1)

HrF L Roreen B Rswr 73 AR 26 436 RN I 21 40 BRI S S 2

PR KRB IR BN i 2 2 8 1) — ™ B 8 SR AWV T b7 A AR R
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Ao BRAEAEIT BT T RO AR A, SRR T SR AR I 2L AN B R A S M A

BAER) “ BEI AR 7 1281, W] DM A — A 22 e e g e 2 (NDVD SR$2 B R /K A
(290, R FLHEBRAE SN, S SR VB W FE I SO 4 2R . BAR A 50 T

NDVI=(Ryir-Rrep)/(Rnir+Rrep) (2.2)

Horb, Rum B Reep 73 AR T LLAMN AL DGR B SO 28 o NDVI e I3
DRERARBIFEME AN A OIS ARE DT, BRIt B R W] SE 3R BEe 1

2.7 RBNZE SR EWIE

ARSCAEH 2/3 HE W R, BT B/ ZaRIE AT ARG, FIRIN 1/3 2L
PE AT IOAIE - BN 4> 4L #2386 Excel " Rand BRI 1 S0 K 3R 159 () CR2CC
RARRIE G (VA — A B 7K s S5 256 5 SE 375 B B 2 1R)BEAT $0 B2 7R 8 A S 1 43 #T
T AN [ 11 P08 BRI A 38t B H A 10 T 2k A G PR A v PO 4 B T B B
VBRI BRI ER (AN 5 o O SEIME 5 A5 AR HEAT e R &, SR 2y A 25040
FIALA AR RE, T 40 5 AR 80 P e DA S R R A A S o 2 o R IR R 222 1, A
N A EIE TR UE 25 (R, ¥J7REZE (Root mean square error, RMSE)
FIF- 246 %6 115 % (Mean absolute error, MAE), 7 3# 1 52 A6 70 ¥4 2 A 5 1k
HApg g7

N
>0y
R =E— (2.3)
> -y
| L
RMSE = \/FZ(% ) (2:4)
1Y .
MAE :NZV% _yi)| (2.5)
i=1

A, NORESEL yi AINEREW L, v AR REWEE, 7N
ARl
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3 KESHIFIER TS REREESL

3.1 EEKRSH S THHE

£ 2017-2019 4E 0], 1 EREBE AR L EE 5 4R b A= S 70 5T /K 15 3128 S A A
2RI HPIHRFE, BRAF T 431 KA R, KA AU TR R A KA DUAN =Y
REAR L 1) S B HE VYA 4 4 1 7K R S HURFAE IR 0L (3R 3.1) 0 913 B B 0 1 A
MZETEZESR (F=7.17, p<0.01). HFZ (3. 4. 5 A, &EEEWHELEERN
0.17-3.44m, BN 0.77+1.45m; HZE (6. 7. 8 Ay, EEEHELEA
0.21-9.47m, ¥JMEN 1.62+1.71 m, 5FFWHE M LLA Fote: KZE 9,
10~ 11 A4, 2EEHESE N 0.18-0.60 m, ¥IHEN 1.924+1.42m; &ZF (12,
1. 2 A, EEZEHESEN 0.20-3.82m, HEN 1.07+£1.22 m. NEFFFK
Z, WAENEANT &, BIAFEENEIRK. FEEWERIC KFEY R
o AKTRIRBE RS, WA i e A B A P b, BRI R a IKIE
B, YIMEIY 11481177 png/L, TAKZERIWIAM 43K a IR R ARHT, BN
4.781+5.93 pg/L. WIHTHIE IR E R S GR a IR — 3, BN EBEK
[ B ZERIRKEABIEAC (B 3.0, kel WL, R E, Wi A2 2 5
e T 2 B RS R R 3R, R DA VA B TR A B i B R I O B

MHBIF A0 ESRF, WIAE W b G [ R A0 (A1 o 5 e S ] X i ) R
FERMEBGE, ARG W) X F W BE SRR s I IS, 5 IRE N 3 204K
BRI 7RIS ERXVMTRX (S5t TR D, WHE 5
AT T 90 S DX > 58 3 v J 0 X > 2R 301 S X > AR G SR I X

24



FAIBERF IR

Figure 3.1

R 3.1 KRSHFN G

{2~ —=— TN(mg/L)
. —&— Chl-a(pg/L)
10 —4&— TP(mg/L)
5 1 —¥v— SDD(m)
6 1
4-
24 3 e
————
0 e 'y
HZE k= & K=
3.1 BR. BB HEERME R ET G
Seasonal trends of total nitrogen, total phosphorus, chlorophyll-a and transparency

Table 3.1 Seasonal distribution statistics of water quality parameters
= HAHE =17 RAE B/ME FI1E P EZE
50 a(440nm) 7.30 0.17 1.65 1.76
50 Aph(440nm) 3.91 0.00 1.09 0.72
50 ANAP(440nm) 5.95 0.00 0.57 1.50
50 aCDOM(@40nm) 1.68 0.02 0.77 0.40
HF 50 pH 11.27 7.42 8.64 1.05
(3. 4.5 48 Turb(NTU) 83.95 0.23 17.88 28.10
Hi) 50 EC(uS/cm) 694.00 0.75 269.52 4984.36
49 TSM(mg/L) 86.00 1.00 23.24 23.47
50 TN(mg/L) 5.44 0.48 1.49 0.94
50 Chl-a(ug/L) 67.24 0.70 11.48 11.77
50 TP(mg/L) 1.77 0.01 0.09 0.49
50 SDD(m) 3.44 0.17 0.77 1.45
ES 156 a(440nm) 8.06 0.01 1.24 1.65
(6. 7. 8 156 Aph(440nm) 5.33 0.00 0.49 0.78
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JERiD) 156 ANAP(440nm) 5.86 0.004 0.76 1.13
156 aCDOM(340nm) 1.89 0.05 0.65 0.42
156 pH 13.05 7.43 9.16 1.19
153 Turb(NTU) 73.78 0.02 13.28 16.35
156 EC(uS/em)  33453.10 0.17 5372.81  8894.80
155 TSM(mg/L) 71.50 0.24 11.93 14.53
153 TN(mg/L) 10.99 0.21 1.23 1.26
156 Chl-a(pg/L) 100.22 0.13 9.51 14.69
156 TP(mg/L) 2.17 0.003 0.30 0.66
156 SDD(m) 9.47 0.21 1.62 1.71
190 Aa40nm) 7.94 0.03 1.38 1.92
190 Aph(a40nm) 3.27 0.00 0.32 0.57
190 ANAP(440nm) 6.96 0.01 1.06 1.69
190 ACDOM@40mm) 1.54 0.002 0.43 0.37
e 190 pH 8.69 7.12 8.09 0.56
(9. 10, 173 Turb(NTU) 183.35 0.002 20.22 30.69
11 A4 189 EC(uS/em)  16515.00 32.00 3443.19 589326
187 TSM(mg/L) 147.50 0.29 17.19 24.26
189 TN(mg/L) 3.21 0.23 1.14 0.68
190 Chl-a(ug/L) 35.01 0.37 478 5.93
190 TP(mg/L) 0.68 0.01 0.07 0.08
190 SDD(m) 6.60 0.18 1.92 1.42
31 A440nm) 5.30 0.16 2.03 1.63
31 Aph(440mm) 1.29 0.03 0.40 0.29
K
31 ANAP(440nm) 472 0.10 1.63 1.47
(124 1.2
31 ACDOM@40nm) 0.94 0.002 0.16 0.23
Hi)
31 pH 10.66 7.58 8.22 0.57
30 Turb(NTU) 114.38 0.19 38.87 37.21
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31 EC(uS/cm) 729.00 78.9 352.30 199.89
31 TSM(mg/L) 90.67 0.86 31.78 28.62
30 TN(mg/L) 4.04 0.36 1.27 1.01
31 Chl-a(ug/L) 15.52 1.29 6.17 4.19
31 TP(mg/L) 0.19 0.02 0.13 0.04
31 SDD(m) 3.82 0.20 1.07 1.22

E: B agaonm N FRIYITE 440nm T IR RS aphasonm AR BRYITE 440nm
HITIR R E anap@aonm N AE LR BRI TE 440nm I R 20 acpom@aonm N A ELA IR
HIYIAE 440nm T W 250 pH ABREIE ; Turb(NTU)AZKAARME ;. EC(uS/em) /K {4 H &
Ky TSM(mg/L) A/K AR S B YI FE ;. TN(mg/L) /K& S K Chl-a(ug/L) 7K A& i
EE a WRE; TP(mg/L) /KA BB E ;s SDD(m) A 7K A4 B o

3.1.1 RAGFEB X KR SH o M RE

A ARG B X 98 ANRAE S (Bl 3.2), S5 REWE FRILP A
WIHIE Va9 0.24 - 2.49 m, $H{EY 0.78 £ 1.16 m; AKZ=ZR AL SR 1 X & 1
FEFE 0.25-6.60 m Z 7], HME N 1.05+1.18 m (£ 3.2), BZEHIKEN)E W AR
IR BFBEEZER (F=1.17, p>0.05). &R T HICT IR HIX Rk A
A PRFE AT 29 A, I X BEARCRAE RUBUT) 29.60% . 38 I 43 #Tids B B K T
P B R AE BB AL BT K B T DUR I, TEARILF IR, KR W
K R AN LK P R A T e, B I BB IAE 2.00 m Ao . IXEEOKPE, #i2
LR KR, RE AL ) Bl D 1) T A 7 A « 35 I B AR (V) R A A5 (SDD
<0.50m) Z HIAEXIU . Aol BRI P4 LR ARGL R
JRER, NIREROR, KAEIIEE S 2 BN ESTH. Rl 2/ all], i
WA, RIS, SR KR R, BRAC T KARE . JF
H T RN 07K = 7258 5 F AR MY K &2 Tl 7K A HE SO U8, WA 8
WARZS ™, BERFAHUL, KIS SREL.
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Figure 3.2 The distribution of field experiment sampling sites in the Northeast Plain Limnetic
Region

MEZERIRKE, ZRAGF B XA SR AR I (F=1.06, p>0.05). i3
BRI (F=0.46, p>0.05) FHARKARED, IEERBRDA L EMZE
TPEZE R (F=11.87, p<0.05). BRI 3=l JF (0 R BRI il (2 2.05/3.47;
K2 2.31/3.03) 0 RACF 5 X H 3 20 2 2R A UM 338.22+£2117.72 puS/em,
FKZE R BE s IME N 898.46+2275.12 uS/em. MEZFFIHKZE, WHBE SR EE E
T, AR ERUSBER B A — @R, WA R . R R
WIEIME A 24.67£17.90 pg/L, FKEEMSRRIKEEIIE N 9.54+18.25 pg/L, 4k
FOURPERIEE N R WIA/KAR RIS, BIFYR BRI A S . I I,
FHERL MR AR AL S DOV K R 13 f AR G BRI . SR B S AR K B 2L
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#£32

ARACT I XK R S 8= A g it

Table 3.2 Seasonal distribution statistics of water quality parameters in the Northeast Plain

Limnetic Region

= HEHE =g BRKE B/ME FHME W=
34 a(440nm) 8.06 0.21 3.47 2.05
34 aph(440nm) 5.32 0.00 1.43 1.00
34 ANAP(440nm) 5.86 0.11 2.05 1.88
34 ACDOM(440nm) 1.61 0.56 1.05 0.40
34 pH 13.05 7.49 8.77 0.99
27
31 Turb(NTU) 65.28 1.71 26.20 22.36
(6. 7. 8
34 EC(pS/cm) 941.00 0.17 338.22 2117.72
ERV D
34 TSM(mg/L) 71.50 0.85 24.84 20.49
34 TN(mg/L) 10.99 0.48 1.41 1.48
34 Chl-a(pg/L) 79.12 1.34 24.67 17.90
34 TP(mg/L) 0.13 0.003 0.03 0.10
34 SDD(m) 2.49 0.24 0.78 1.16
64 a(440nm) 6.10 0.03 3.03 1.95
64 Aph(440nm) 3.27 0.00 0.72 1.04
64 ANAP(440nm) 5.64 0.03 2.31 1.85
64 ACDOM(440nm) 1.54 0.17 0.71 0.40
64 pH 8.69 6.86 7.88 0.72
K=
64 Turb(NTU) 80.70 0.92 31.88 21.94
(9. 10,
64 EC(uS/cm) 358.1 70.9 898.46 2275.12
INWEE/D
61 TSM(mg/L) 61.00 1.50 28.64 19.97
64 TN(mg/L) 3.21 0.33 1.57 1.50
64 Chl-a(ug/L) 35.01 0.37 9.54 18.25
64 TP(mg/L) 0.68 0.01 0.13 0.10
64 SDD(m) 6.60 0.25 1.05 1.18
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E: BH agaonm AL FRITE 440nm IR RS aph@sonm AR BRI TE 440nm
IR R EL anap@aonmy NIE LR FIRIITE 440nm WU R E: acpom@aonmy N ELIA R
HUILE 440nm RIS R 5 pH ONERBHE ; Turb(NTU) AZKARIREE ; EC(uS/cm) A7k 4 HL &
Ky TSM(mg/L) A/KAE BB IFYIR ;. TN(mg/L) N/K A BRI Chl-a(ug/L) A/K A& i
LEE a WRE; TP(mg/L) A/KAH BB E ;s SDD(m) A 7K A4 A o

3.1.2 REFIEB X KR SE M RHE

TR, A A 164 MERCRAE S (K 3.3). B 164
AR KUK BB A At 2R SR (X F 2= B YE N 0.17-3.34 m,
HIME4 0.76+£0.89 m: HIFEH LR 0.21 -5.37 m, ¥M{EHN 1.55+£1.17 m;
KBTI 0.18 - 4.55 m, HME N 1.56+1.25 m; AZFFE WL 0.20-
3.82m, HMEN1.08+1.22m (£33), EMHEZNENEER (F=432, p
<0.05), KEFEWEHME R, FERC, 52 EWIEE YRR A0 2= 15 RHE

— B, FEW RS T I E A REE S 52 A, HAEEIKE . A#EERK

FE BRARIIK PRI /SRS 7K PE I % B BE 3 TE 2.00-6.00m, 7K PEZKAR BT
FEVLK B R A r O X IR 58— KT, SRR RN T 401, 7 4A GRSt AL, /KR
B, AT IR KR . SR FOREE, AR X K TUIRAS B ARG SR b
DXHIIAZAK BB 25 . 38 B BEARAR A RAE AU DAL B3] (SDD<<0.20 m). £
T LR 2, AL S B A 44 IR 2 JE AP SR R K . B
T JE BB T R K AR O B TR TR A RS P A At P il 5 9 R 6 N SR8, #45m #
TRBIMKES g, WA ERR SRS, EERE, BRI,

B 7B EZ AN, BRI (F=5.97, p=0.001). &2 Bk ik
(F=29.27, p<<0.001). JFEFEFPRRIL (F=8.57, p<0.001). A CiHFfEEE
ML (F=18.04, p<<0.001). pH (F=99.29, p<<0.001). JhJF (F=8.75, p
<0.001). H5R (F=17.67, p<0.001). EEFY (F=0.90, p<0.001). K&
(F=11.78, p<0.001). M-&¢ % (F=6.57, p<<0.001) Al (F=34.09, p<<0.001)
P R IR R TR 2
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Figure 3.3 The distribution of field experiment sampling sites in the Eastern Plain Limnetic
Region
B, RV R DX KA RO R B ER ORI R i, e B T R
Pk FE AL TR, WA B IR R, VUSSR FEAE 1.50 mg/L PR,
H S RIRAG, PN 335.914215.15 uS/em, MEERIREIRE, & AME Al S
67.24 pg/L, “FIMEN 12.6919.79 png/L. ZREF-F IR X FIEE K AR L, Kk
SR FRIR AR R, AH I BRI E AN i, T RRJR R R AR 2 DL SR AR T
I, X RAEN S8 T R, AT RIS A R — E R, B
=, AR ERIR I B RK, SPIMEN 6.05 pg/L. pH SR, K. R
S KAELEVIRTESNAN CO 2 R MK AR Y pHe B /KT, 52 Hh i)
SRS, pH FheEr, AKAImBEIE: BRI SRR RREE RS, KRR
03 JHURL A 3 Z e K s Hp ok B AL BRI . pH PRSI s ARl E
FLEBIFIIRE R W R, OB RIEa LA SRR,
A OV IRIEA )2 BRI A NAE RS, BV B, . 5
REWHRFEY G, ZBHES RGP EZEY . K CDOM A Fifik
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J5: HNIRRIR N AR o MR SRR 2 bk HUAELAE 20 5 7= AR B TR BB T, R BRI
ik T VR AR 2 PR FE A R 62 2 R P AR ) 2R, BT A (1 2
BN, BKE TR, ST WASKREREIGS, AMEKF ) CDOM #KEE T .
33 ZRECF IR XK ST A Gt
Table 3.3 Seasonal distribution statistics of water quality parameters in the Eastern Plain

Limnetic Region

= HAHE =17 RAE B/ME FI1E P EZE
40 a(440nm) 451 0.17 1.46 1.51
40 Aph(440nm) 3.91 0.08 1.09 0.66
40 ANAP(440nm) 2.82 0.00 0.37 1.33
40 ACDOM(#40nm) 1.68 0.02 0.82 0.45
40 pH 11.27 7.42 8.65 1.41
B
40 Turb(NTU) 83.95 0.23 15.53 36.23
(3. 4.5
40 EC(uS/cm) 694.00 31.40 33591 215.15
ERVD;
40 TSM(mg/L) 66.00 1.00 21.99 28.62
40 TN(mg/L) 3.13 0.48 1.49 0.75
40 Chl-a(ug/L) 67.24 1.75 12.69 9.79
40 TP(mg/L) 0.19 0.01 0.06 0.05
40 SDD(m) 3.44 0.17 0.76 0.89
42 a(440nm) 2.99 0.05 0.68 1.45
42 Aph(440nm) 0.76 0.00 0.16 0.62
42 ANAP(440nm) 2.53 0.01 0.51 1.24
Bz 42 ACDOM(@40nm) 1.32 0.13 0.51 0.43
(6. 7. 8 42 pH 12.59 7.43 10.59 1.41
A4 42 Turb(NTU) 54.71 0.02 9.27 34.97
42 EC(uS/cm) 340.6 31.1 103.56 243.16
42 TSM(mg/L) 49.47 0.25 6.11 27.23
42 TN(mg/L) 1.27 0.21 0.61 0.77
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42 Chl-a(pg/L) 14.50 0.55 6.05 9.17
42 TP(mg/L) 0.13 0.01 0.04 0.05
42 SDD(m) 5.37 0.21 1.55 1.17
51 a(440nm) 7.94 0.08 1.23 1.44
51 aph(440nm) 1.27 0.01 0.23 0.62
51 ANAP(440nm) 6.96 0.19 0.99 1.22
51 ACDOM(440nm) 1.39 0.01 0.46 0.43
51 pH 8.77 7.12 7.66 1.41
=
35 Turb(NTU) 183.348 0.54 39.62 34.50
(9. 10.
51 EC(puS/cm) 750.00 32.00 413.24 242.96
INWEE/D
51 TSM(mg/L) 147.5 0.29 24.77 26.97
50 TN(mg/L) 2.31 0.23 1.16 0.76
51 Chl-a(pg/L) 28.73 0.97 5.29 9.04
51 TP(mg/L) 0.37 0.01 0.05 0.05
51 SDD(m) 4.55 0.18 1.56 1.25
31 A(440nm) 5.30 0.16 2.03 1.63
31 aph(440nm) 1.29 0.03 0.40 0.29
31 ANAP(440nm) 4.72 0.10 1.63 1.47
23 ACDOM(440nm) 0.94 0.002 0.16 0.23
31 pH 10.66 7.58 8.22 0.57
e
30 Turb(NTU) 114.38 0.19 38.87 37.21
(12, 1. 2
31 EC(puS/cm) 729.00 70.9 354.37 199.89
)
31 TSM(mg/L) 90.67 0.86 31.78 28.62
30 TN(mg/L) 4.04 0.36 1.27 1.01
31 Chl-a(pg/L) 15.52 1.29 6.17 4.19
31 TP(mg/L) 0.19 0.02 0.13 0.04
31 SDD(m) 3.82 0.20 1.08 1.22

E: BH agaonm AL FRITE 440nm IR S aph@sonm AR BRI TE 440nm
IR R E anap@aonmy NIE LR FIRIITE 440nm WU R EL: acpom@aonmy N BRI
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HIWILE 440nm NI 2% pH MBI ; Turb(NTU) A/KARME ; EC(uS/em) 7K 44 B &
Ky TSM(mg/L) A/KAE BB IFYIE ;. TN(mg/L) N/K A BRI Chl-a(ug/L) A/K A& i
42 a WRIE, TP(mg/L) /KA BB E, SDD(m) 7K AAIE I .

3.1.3 ZH=EIEH X KR SE M RHE

S EBIX A, A 71 AMERCRRE A (B 3.4). i X RAE RURIK
JRSHO TR, S0 A X R TR SN E I VS N 0.40 - 1.51 m, ¥91H
N 0834094 m; EFEFEWETLE N 0.25-1.84m, HMEHN0.77+£0.46 m; HKZE
FEH L ECN 2.17- 495 m, ¥{E A 3371099 m (K 34), FHAEFH
(F=110.52, p<0.001). ZFim R EHEEETMETHEASAZ, BT
R B AR . A AT DL ERRFE SR 24 4, BB AR
4.95m (XIZWR) o IX 24 KA A 20 4> mR B T SKRK 2, 1E BT X 5 koK
FE B 7K RS 1E 24 HUBUR R0 B R AR I RO ] 1 NIRRT G o S0 e i 181
XTARER, AR FALT- M AR PR, DRl X Py 3 R v K B R0 R A
HRAERFE b, AHER I BLIE I I (SDD<<0.50m), i BT VA TH AR
SR R BN IR KR AL, X AT RE 1935 I AR A 1 2 2T A

Br 7B 2 4h, BERYIRIL (F=18.39, p<<0.001). {2 Wity i
(F=23.59, p<<0.001). FERKBRWIN (F=9.79, p<0.001). HEFEMHEA
MW (F=16.27, p<0.001). pH (F=19.04, p<<0.001). ¥ (F=16.26, p
<0.001). HLEFR (F=28.52, p<<0.001). HEFY (F=18.88, p<<0.001).
% (F=30.62, p<0.001). "M%t (F=14.86, p<<0.001) FMWE (F=1048, p<
0.001) A RIHALEZF T 2R S0 5 X G Z A= =K 5 AR A B
B, KEKPIARA R . KW X A W B B T e, AR R AR
K, HLH-SR IR B A B B R
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Figure 3.4 The distribution of field experiment sampling sites in the Inner Mongolia-Xinjiang

Plateau Limnetic Region

*34 ZHEEWMXAKRESHET MG
Table 3.4 Seasonal distribution statistics of water quality parameters in the Inner

Mongolia-Xinjiang Plateau Limnetic Region

= HAHE =17 RAE B/ME FI1E P EZE
10 a(440nm) 7.30 0.28 2.43 1.34
10 Aph(440nm) 2.04 0.00 1.08 0.55
T 10 ANAP(440nm) 5.95 0.19 1.35 0.98
(3. 4.5 10 4CDOM(40nm) 0.95 0.13 0.55 0.36
R 10 pH 9.29 8.30 8.61 0.42
8 Turb(NTU) 75.06 6.09 29.59 15.29

10 EC(uS/cm) 13.43 0.75 3.97 6974.86
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9 TSM(mg/L) 85.50 9.80 28.79 15.39
10 TN(mg/L) 3.81 2.45 3.22 0.68
10 Chl-a(ug/L) 13.90 0.70 6.61 491
10 TP(mg/L) 1.77 0.02 0.23 0.99
10 SDD(m) 1.51 0.40 0.83 0.94
41 a(440nm) 4.50 0.25 1.00 0.78
41 Aph(440nm) 1.90 0.07 0.45 0.35
41 ANAP(440nm) 2.60 0.14 0.54 0.50
41 4CDOM(40nm) 1.89 0.28 0.83 0.37
41 pH 9.06 7.63 8.54 0.40
S
41 Turb(NTU) 73.78 0.63 17.52 13.20
(6. 7+ 8
41 EC(uS/cm) 19457.00  1318.00 9080.61 6264.35
ERVD;
41 TSM(mg/L) 41.50 1.27 14.59 9.02
41 TN(mg/L) 3.33 0.59 1.76 0.76
41 Chl-a(ug/L) 20.12 1.26 8.09 5.40
41 TP(mg/L) 2.17 0.04 0.98 1.01
41 SDD(m) 1.84 0.25 0.77 0.46
20 a(440nm) 0.19 0.06 0.11 0.03
20 Aph(440nm) 0.08 0.02 0.04 0.02
20 ANAP(#40nm) 0.16 0.01 0.07 0.04
20 4CDOM(40nm) 0.53 0.24 0.36 0.11
KZ= 20 pH 8.29 7.55 7.97 0.28
(9. 10. 20 Turb(NTU) 2.94 0.18 1.28 0.72
11 A4 20 EC(uS/cm) 411.90 371.60 383.90 11.00
20 TSM(mg/L) 9.67 0.38 2.15 2.38
20 TN(mg/L) 1.42 0.99 1.18 0.10
20 Chl-a(ng/L) 261 0.46 1.33 0.73
20 TP(mg/L) 0.05 0.01 0.03 0.02
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20 SDD(m) 4.95 2.17 3.37 0.99

E: BH agaonm AL FRITE 440nm R IIRICR S aph@sonm AR BRI TE 440nm
IR R E anap@aonmy NIE LR FIRIITE 440nm WU R EL: acpom@aonmy N ELIA R
HUILE 440nm RIS R 5 pH ONERBHE ; Turb(NTU) AZKAR IS ; EC(uS/cm) A7k 4 HL &
Ky TSM(mg/L) A/K AR S B YI FE ;. TN(mg/L) /K& S I Chl-a(ug/L) N 7K A& i
EF a WPE; TP(mg/L) A7KAAEH BB EE ;s SDD(m) A 7K A4Z B FE o

3.1.4 FiEl IR XK RS H M RHE

B 0 s e S X 98 AN RICRAE SUK B ERE TR A (3.5 F
e JE XA E 2, AR mIE R, AND s, FEE
S et JE A XA V3 P A S+ AR LR 2R 0 DX S i B R v . BB
JEFEIAE 0.45-9.47m N, ¥IME N 3.31+£2.16 m; FKZFFE W EVEHIA 0.41 - 4.00 m,
BIME N 2.7740.84 m (K 3.5), FWAMUMHE (F=4.69, p<0.05). ZEHE RS
{E HIRTEANACHS, R 28 = ROk, 14 kB E ki AN B 2, BURFRIT]
WnsE 7K, b ARSI AR A RO . BN T 0.50m )
HAEPANKEE R, TEATE i BRI, 59 S5 D& W e, 3205
QR RN

B 7B AN, CEBRITL (F=8.74, p<<0.05). H IR IEA LY
s (F=7.09, p<<0.05). &% (F=18.57, p<<0.001) Fl:8 (F=47.86, p<<0.001)
BRI R EVE TR R T W X KT, S AR DA AR L, A B
FER T, MR, K R SRR S B AE E IR Eh IR R
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Figure 3.5 The distribution of field experiment sampling sites in the Tibet-Qinghai Plateau

Limnetic Region

3.5 e W XK S 8 ZE T AT RHE
Table 3.5 Seasonal distribution characteristics of water quality parameters in the Tibet-Qinghai

Plateau Limnetic Region

= HAHE =17 RAE B/ME FI1E P EZE
39 a440nm) 1.10 0.008 0.17 0.24
39 aph(440nm) 0.26 0.00 0.05 0.05
HZ= 39 ANAP(440nm) 0.84 0.00 0.11 0.20
(6 7+ 8 39 ACDOM(#40nm) 0.49 0.05 0.26 0.11
R 39 pH 9.25 8.18 8.62 0.33
38 Turb(NTU) 25.09 0.02 2.89 5.12

39 EC(pS/cm) 33453.1 4322 11538.57  13065.21
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38 TSM(mg/L) 31.00 0.24 3.93 6.25
36 TN(mg/L) 2.48 0.27 1.20 0.78
39 Chl-a(pg/L) 7.48 0.13 1.50 1.88
39 TP(mg/L) 0.20 0.01 0.10 0.06
39 SDD(m) 9.47 0.45 3.31 2.16
47 a(440nm) 0.46 0.05 0.15 0.09
47 Aph(440nm) 0.12 0.02 0.08 0.02
47 ANAP(440nm) 0.37 0.01 0.07 0.08
47 ACDOM(440nm) 0.48 0.002 0.16 0.18
47 pH 9.14 7.74 8.71 0.42
=
46 Turb(NTU) 5.03 0.002 1.75 1.20
(9. 10,
46 EC(uS/cm) 15771 330.8 10325.09 6559.20
11 76
47 TSM(mg/L) 14.50 0.60 3.33 2.75
47 TN(mg/L) 1.14 0.52 0.67 0.15
47 Chl-a(pg/L) 5.66 0.37 1.73 1.06
47 TP(mg/L) 0.06 0.01 0.04 0.01
47 SDD(m) 4.00 0.41 2.77 0.84

VE: BH agaonm AL FRITE 440nm IR RS aph@sonm AR BRI TE 440nm
IR R E anap@aonmy NIE LR FRIITE 440nm R I R B acpom@aonmy N LA R
HUILE 440nm T HIIRIR R 5 pH MR ; Turb(NTU) AZKARIREE ; EC(uS/cm) A7K 4 HL &
Ky TSM(mg/L) A/KAE B BIFYIR ;. TN(mg/L) N/K A BRI Chl-a(ug/L) A/K A& i
£E2 a WRIE, TP(mg/L) /KRR BB E, SDD(m) N/KAAIE I .

3.2 IKEEHE R HESIERERHEX M

T Y AP S R EE RN SLIG = 0T, BRIBEHRE Z 46, ARSCEZEIRIG T Bk YY)
k. RPN . FEEER BRI AR, pH. 5%,
VREE. BIFY). 4R av BEFR B K S H. R KR 22
DRI, MRS EC a2k 2 A] DLUBE U R 78 K AR G 28 1 4 A0 B2 e R HLEE
RIS 4E 431 AR AT 7R E K 5 S B 1 R R SR i (]
3.6),
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1.0

A A *x *k ok *x *x % % * e *x A.a (@40nm)
Bloso| B 47 £ D & B & M & o - 080 | p & i
C | o092 C *x **x *x *x x Y % L 0.60 C. Sl
D ).60 D Hx * wx o wx * *x L 0.40 D. AcnoM(40nm)
E N ¥V T [p— E.pH
F |o076 0.76 F & & = Ll F. Turb

- 0.0
G G |G e G | | e G. EC
H (o083 0.79 088 022 H = x5 Bl Y
I I (P & & --040 | L TN
J 0.72 2 J ** - _0.60 | J-Chla
K K g0 | KTP
L |-0.60 |-0.44 -0.51 -0.49 0.54| 0.21 |-0.59 ).: L . L.SDD

-1.

A B C D E F G H 1 J K L
* p<=0.05 ** p<=0.01

B13.6 T BN S0 R AUKITR 2 500 0 B AR St
Figure 3.6 Pearson correlation between water quality parameters at all field experiment
sampling sites

37 B 5 B RORL RS ORI =l € BRI R SR A € T A
AHRI B A — ERRERFA R (p<0.01, & 3.7a. b, c. d). EHE.
JEE R BT VR /KA s A B K T B = A2 8. 35 I 5 P R A A 3T
A ERFE SRS EAE MR R 2P FUAHDE (B 3,760 h), BESEE
VR B BIAR G R BN 0.74, 2B B0 BOH M, S5 R R e E R E
by WIVRIE R R R BTSN 1 . PR BB IR B I IEAR DS, AH
KMEAR 0.88. sk, FERAMEANKIFETZE (pH. TN, TP, M4k a) HiEWH
FERR = ARG R R
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Figure 3.7 Correlation between water quality parameters and transparency at sampling sites in
field experiments (a) Total particulate matter absorption and transparency; (b) Pigmented
particulate matter absorption and transparency; (c) Non-pigmented particulate matter and

transparency; (d) Colored dissolved organic matter and transparency; (e) pH and transparency; (f)
Turbidity and transparency; (g) Electrical conductivity and transparency correlation; (h) Total
suspended solids and transparency; (i) Total nitrogen and transparency; (j) Chlorophyll a and

transparency; (k) Total phosphorus and transparency

3.2.1 FRAGFJRBI X KRS58 e H 51% B B HIAR SR 20 #

T 2R A T X 3 BH FE 5 At K R S 40R AR DY b (1 3.8), &5
R HIEE H P 5 SRR A R S € 3R TBURL )R SR 8 T AR A LA 2 TR 8 2 IR
A SRR TR (p<<0.01, & 3.9a. c. d), FEWHE SO TR EE
FRSGHME (18 3.9b) 0 ZR AL 38 DX I VA /K A h RO A9 22 HH AF (R BRI il 335
U R 5 b FE AN 35 O 3 RO, 5 S (R0 A DG 0.82, e b AR 5%
PEREON-0.66" (p<0.01). MEMSIFEY I EZERIEMKR, MG
PEN 0.77, B/REAEIME RECH 0.90™ (p<<0.01).

BIEHE S AR BRI SR a KA REMANE. RILX)E TR
WA, TUZRorB. &ZRE50K, RE2 12 AMEIRGER 2 A, BRAgEER,
K G I AR B, PRI R TR SRk e, SR AR AR Kt 32 B  2F
PRI PR, 50 R A R T AR KA o W1 325 W 52 & 8 R A KA Fh P i A A 1
Z ISR DL AR L BT IRIRENE , ARALH XA 2 O EOKIEE, % EIA
RNTRANYe VD BZ RGN, BOCE AR AC T ST X, 520 i1y 3% B FE 1 32 2 S5 R vk
PR SRR BRI . H, ERILHX, —BEa AL RAERTRN, H
ETER K ZEMAA LT R IER T, e AR W, X Maxhin g
HA JE 7= AR AR K IR 5
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Figure 3.8 Pearson correlation between water quality parameters at field experiment sampling
sites in the Northeast Plain Limnetic Region
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Figure 3.9 Correlation between different water quality parameters and transparency in the
Northeast Plain Limnetic Region (a) Total particulate matter absorption and transparency; (b)
Pigmented particulate matter absorption and transparency; (c¢) Non-pigmented particulate matter

absorption and transparency; (d) Colored dissolved organic matter and transparency; (e) Turbidity
and transparency; (f) Conductivity and transparency; (g) Total suspended matter and transparency;
(h) Total suspended matter and turbidity; (i) Non-pigmented particulate matter absorption and total

suspended matter; (j) Pigmented particulate matter absorption and chlorophyll-a
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Figure 3.10 Pearson correlation between water quality parameters at field experiment sampling

sites in the Eastern Plain Limnetic Region
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Figure 3.11 Correlation between different water quality parameters and transparency in the
Eastern Plain Limnetic Region (a) Total particulate matter uptake and transparency; (b) Total
suspended matter and transparency; (c) Chlorophyll-a and transparency; (d) Total suspended
matter and turbidity; (e) Total particulate matter uptake and turbidity; (f) Total particulate matter

uptake and total suspended matter
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Figure 3.13  Correlation between different water quality parameters and transparency in the Inner
Mongolia-Xinjiang Plateau Limnetic Region (a) Pigment particulate matter absorption and
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suspended matter and transparency; (¢) Pigment particulate matter absorption and turbidity; (f)
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Figure 3.15 Correlation between different water quality parameters and transparency in the
Tibet-Qinghai Plateau Limnetic Region (a) Total particulate matter absorption and transparency;
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Table 3.7 Comparison of the accuracy of published empirical transparency models based on measured transparency

Hik R? Slope RMSE MAE SCHERSRYR
Ln(SDD) =-5.6828 x (R/B) +7.8413 0.71 2.6602 3.97 3.32 Tao et al., 2021
Ln(SDD)=-5.30*(R/B)-4.29*(B/G) + 8.211 0.60 1.7696 1.93 1.63 Song et al., 2022
Ln(SDD)=-4.29*(B/R)-9.29*(G)+7.74 0.50 -7.275 11.59 8.01 Page et al., 2018
Ln(SDD)=41.22*B-28.40*G-35.33*R+5.11 0.77 1.2496 3.95 3.89 Fuller et al., 2011
Ln (SDD)= -6.31*(B/R)+3.83*R+8.225 0.50 -11.143 17.83 11.63 Guan et al., 2011
Ln (SDD)=0.74*R+1.37 0.72 -0.0173 1.69 1.40 Hellweger et al., 2004
Ln (SDD) =-5.86*(B/R) + 1.083 0.50 -10.265 20.28 13.65 Stacy et al., 2002
Ln (SDD)=-5.87*(B/R)+1.08*B+8.08 0.50 -10.291 16.43 10.80 Kloiber et al., 2002
SDD = 0.0046*R 126 0.08 1.2643 6.35 1.77 Zhang et al., 2021
Ln(SDD) =-5.03* Ln (R/ G) +3.4 0.70 2.5232 8.74 8.45 Duan et al., 2009
SDD=2.29* (B/R) -16.39* B-0.14 0.56 2.7923 5.76 3.59 Olmanson et al., 2015
Ln(SDD) = -1.25*Ln(R)-3.97 0.50 0.7107 1.52 1.27 Dekker and Peters, 1993
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Figure 3.17 Performance comparison of published empirical transparency models (a) Tao et al;
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Figure 4.4 Spatial distribution characteristics of the transparency of Da Xingkai Lake and Xiao
Xingkai Lake in 2015 and 2020 (2)2015; (b)2020
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Figure 4.5 Spatial distribution characteristics of the transparency of Hongze Lake in 2015 and
2020 (a)2015; (b)2020
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Figure 4.6 Spatial distribution characteristics of the transparency of Bositeng Lake in 2015 and
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Figure 5.1 Linear fit of the average area, volume and depth of the five limnetic regions with lake

transparency in 2020 (a) linear fit of mean lake area and transparency; (b) mean area of the five
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limnetic regions; (c¢) linear fit of mean lake volume and transparency; (d) mean volume of the five
limnetic regions; (e) linear fit of mean lake depth and transparency; (f) mean depth of the five

limnetic regions
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Figure 5.2 Linear fit of annual average precipitation, temperature, wind speed and elevation of the
five limnetic regions with lake transparency in 2020 (a) linear fit of annual average precipitation
and transparency in the five limnetic regions; (b) mean annual average precipitation in the five
limnetic regions; (c) linear fit of annual average temperature and transparency in the five limnetic
regions; (d) average annual average temperature in the five limnetic regions; (e) linear fit of
annual average wind speed and transparency in the five limnetic regions; (f) average annual
average wind speed in the five limnetic regions; (g) linear fit of elevation and transparency in the

five limnetic regions; (h) average elevation in the five limnetic regions
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Figure 5.3 Linear fit of spatial distribution of GDP and spatial distribution of population of the

five limnetic regions with lake transparency in 2020 (a) linear fit of the spatial distribution of

annual average GDP in the five limnetic regions; (b) mean spatial distribution of annual average
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GDP in the five limnetic regions; (c) linear fit of the spatial distribution of annual average POP
and transparency in the five limnetic regions; (d) mean spatial distribution of annual average POP

in the five limnetic regions
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