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Abstract

Xingyun lake is located in Jiangchuan district, Yuxi city, Yunnan province. It is one of the nine ma-
jor plateau lakes in Yunnan province. It is very necessary to monitor the high time frequency and
high spatial resolution of algae bloom because of the rapid development of algae bloom. Based on
the GF-1 WFV image, this study analyzed the characteristics of algae bloom changes in the Xingyun
lake from February 2017 to June 2018. The main results of the study showed that the Xingyun lake
had algae bloom aggregation most of the time, March-April is the germination period of algal
blooms, May-December is the large-scale outbreak of algae blooms, and January-March is the de-
cline period of the following year. The study also observed two rapid declines of algae for less than
a week. In addition, there was a significant positive correlation between the algal bloom area and
the Maximum NDVI and the Average NDVI, and the pollution index showed a significant positive
correlation with the MEAN NDVI mean when the algal bloom area was the largest. This study pro-
vides some references for understanding the occurrence and development law of algae bloom in
Xingyun lake and then improving the early warning ability.
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BT E A KET)INX, FEEags, Jbdo@aim, & b2y, S
BN 34.7km? [1]. BERBINZEIKFEFEBIHZ —, R —ANEERHMIE, SERS KmARA %
FIKAE[2]-[6] - FEESSLEIIH 1) SR A (R AN 5] _EAR AL AR IR, TR AE LR Z A K& T B K
He, BEREEMA BT ReAE— RN A BRI, X1 Z K 5 s e 25 30 42453 K2
(IR, DAAE bR IS R T TR H o WERFE IR, BERARRIGE 1 A3, &, fER ) 5
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MK PEF Landsat &%, MODIS, &4 —% GF-1, 55— HJ-1, Sentinel &5 2%, H+ MODIS
J& T o FER RGO, FR R R S, HF A FRR AR, X TR NS B IR ZEBOR,
R LR TR EIEN 2 8 HERISTE 10~30 K2 (8], (H R B &S — SR —5 AN
(6] 73 et iy, R B AT LAA B 2 R[13]. AW &4 — 5 TR HA IR 2 18 KA R 15
NI [A] B Ay 2017 4 2 H %2 2018 4 6 H, BT M BUliEE 12 /K B A I T AN M, 2T
PR AR B R W XA OB IRAE S, 15 R I H /K e B A DG b, RS BRI G
IKIRZHHA T o AR TR NI TR 2K R I I R PR AT T B, Ve oA 58 4 B R SR AR AR
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2.1. HHEKIE

E= g —5 LR BRSNS 03, WRV A BEHIA 3 /NI WG B 1 ME Lo, mr e
BB IEE KA . A TS A rh [ 295 2 S Aot (hittp://www. cresda.com/CN/) T #cf) & z= i1 IX
16m 2 HERI S —5 WRV LEEERE4 I 32 5, W HMGHE 2017 452 H 4 HE| 201846 H 7
H, ®EEZGREE A RESE BARLE, EHRRTRGEALG R B L2 2% 48 8 AT
EERA% 2 5, FJaimis HEIOKEH BIAE 22 5. BT AR oW KARE, MEERIGEEL s
MEAR, BRI 2048, RSSO, N TR E 2 e R, T 22 5t
WERHAE TH>A RN SE G NRAE, WK L.

Table 1. List of image data for GF-1 in the Xingyun Lake
# 1 2= GF-1 DERGHIETIR

SRR H Y] e lids SRR H ] s
2017/2/4 WFV2 2017/12/21 WFV2
2017/2/16 WFV1 2017/12/25 WFV1
2017/3/22 WFV4 2017/12/29 WFV2
2017/5/1 WFV1 2018/2/16 WFV1
2017/7/26 WFV1 2018/3/9 WFV3
2017/7/27 WFV4 2018/3/13 WFV2
2017/7/30 WFV1 2018/3/25 WFV1
2017/10/28 WFV1 2018/3/29 WFV1
2017/11/5 WFV1 2018/4/23 WFV2
2017/11/10 WFV2 2018/5/21 WFV1
2017/11/14 WFV3 2018/6/7 WFV1

T 80— 5 5AR T AL T8 IE 59K 1E (I B2 V2 AR [t ASTER GDEM 4, ki T b E R 5
TN RS S O U 2 [8) BE =T & (http://ww.gscloud.cn).
15 Y8 BUNVE FEIRSFREOR B = B8 2B ST T L s IR0 v s W 3 $i re W i .

2.2. BUETALIE

KA G NG AR, HEEEREDZEIRNA FEERAE A S &FE 57 s2m, Bl
TEAE B BEARHT,  Faxd BRI GG T IESHRAIE . 5T s, RARIES . Hed, IEHHRIER
F ENVI5.3.1 #f4/) RPC Orthorectification Workflow #tAbHE T B, T V2 fitA ) ASTER GDEM Hifz &
HEATRIE, %55 5EH7% P Radiometric Calibration Batch T HkAbFE 52 A, KAREIE KA FLAASH T B 585K

AHFFAL 844 : ENVIS.3.1. ArcGIS10.3 Fl1 SPSS24.

2.3. HEE/KAEX T AYHRER

TESETE GF-1 WRV G T 2 f5, AW E LT ERIUE =KX, BT 2 =KX
ALK, BFARFET LWRE RS BRRAR 2 H R =K R, HTFEs—SHEBEE I EHRIE
JFHARE — RN BEMZE, N TGRS ERITE &9 — 5B E S E SRR, A6 7% K
MR REEE 200 KEWX, REBILHRFEE S — 5%, 15368 528 VH KA 2 /K22
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B R A X 5k

AHFFE LA GF-1 TR I AR B o B P 2 W OK AR XSO JE i, R ) S K € ) X 3k
AKX R, B — b 4B H02 (NDVI) KR 250878 5 /K 4 DX ARRAE (5 B3 AT S

H—AHEAEARE(NDVI) [3]/2 S R Bl 7 5 IR I00 ) — Fh g ke b, LB I /N ReFR /s M B 7 7
b, RATLLANSG W] WOGIEIE [ % 2 2 5 2 AR, R ENVI Pk BOs B T AHE NDVIE, 1HE
NHENNDVI=(pyp = 2r )/ (Par +Pr) > Par FEIELLANEE SBT3, pg RLCE BATEI Y S5t
., NDVI [{ETE-1 A1 1 Z 8], {570/ NDVI RS, RPGICA RIS Elim, T KK,
WAt AR N A A R Z

AR FR AR IUE, *E ARk 2 NDVI RI{E, 42Kk &I, NDVI BUETE 0~0.4
2 1A BE BT HSRBGEE SRR A5 H . TlE A& i NDVI BB ik G 34T B 20 2, 00— A Rl 4k
(NDVI)K T BIE R TCHI W SR A X35, A SO/ T BRME G AR — ok i, A4S 288K
S A AR X S A, oA ERZ S, DR R A AL X SOy FIR M, 5> AR
(A X AT X LG, WERE A8, A REBEN 2 H, BERERA oL, AEmHxA =
EE N shpfile REKZE, S ArcGIS BRI AJE TR XMk, JCH KB R RIXE. BT
=21 NDVI EAAR &, 28 5018 BUE 7 B 0B G B R Rl o e X, RN T H AR, Tl
(IR X I R B 2 o B & E I 5 5 B2 N ROL SN B ENVI B 53 R X 45 1% o0 5, NDVI
RRAE, B/ME, CPYIE, BEE.

2.4, BUBHEXMESHT

RS = B B ARSI EET UK i AT A S H 30 K5 Qe B, A S TR T BRI 1 R i
ARIRI A BEESK AT 55 XA NDVI SRS, fE SPSS B A S /AR 5G 70 Hr - FREIA SR
FIALT, W FCER A A XN NDVI . KIS Rda sl I E RIS TR ECZ I R 5C & A . (240
iR e, iU SR A BRI R R A — A A K, AT FE 3R SR A T 0 S
—AMHAAZ TN, 3%, BATRRE AR R A 0 P ME A — D SRR AT,
NDVI #{H), 3 S IEIGZ A fr (0 KAEE N 53— DS (Wi K NDVIEEME, FORERKIRAR) - ik NDVI
SOl VER A S ONINE AL Sart S 5 AR T E DV B

3. &R51tie
3.1, BREMNIE =R T L ES

ML LRI 2 BT, 2017 AFEE— O B R 2R R M HHTE 2 A 45, G KEREAI
OV, MRt E R RE, BARMMIAD 6.33km?, BT 3 H NS KMANEE, MBI,
ALE] 3 H 22 HEEAERAN 10.06 km?, MR FRFFHI IR E, BAEHIE 8 km® LR, 7£7 H 27 HEI
7 A 30 HZ A5 — NI B (0B 1R, SR R 3.22 km? J&/N 3 0.12 km?. IR MUFHA K &
R, 10 A 28 HWME 7.67 km? #teE s mAN. BE, 11 H 5 HE 11 H 14 H 2 18] SOU I EIE 252 (17
B, A 11 H 5 HAY 3.06 km® FE&E] 11 H 10 H (% 1.89 km?, - N [4%] 11 A 14 H 0.64 km?,
12 A, BEEIFSGAE— e, 12 A 21 WS 15 km? (LR . 5, BT TR,
FE S TR AR SR B/, BT, 2018 4F 2 H 16 HALI R A 0.13 km? 1 FE HE78 76 AR
b FRMEIR, RAORETEIE, MARE S AN 3 A ITaE T E, 76 2018 4519 3 A 9 H Bl — MM,
PR AR FIEH] 9.01 km?, 5 2017 4E 3 H 22 Hf 10.06 km? HIZEAK, BIEHFINIE, 201846 H 7
H GR35 58 /K S 2 T AR LT 16 km?, KT 2017 4 [ 0000 1 (45 51
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2018-5-21-GFI-CIR ~ 2018-5-21-GFI-NDVI  2018-6-7-GF1-CIR 2018-6-7-GF1-NDVI

Figure 1. The GF-1 images of the Xingyun lake (the image marked CIR is a pseudo-color gaussian stretch
enhancement of the lake after atmospheric correction, and the red part of the image is the area of algae
bloom distribution; the map marked NDVI is a visual output of the algae bloom region (in red) of the lake
extracted from the NDVI bottom map)

[# 1. GF-1 DEHRE mHERF B (IRE CRNERA SR ERBRY e SR ML e R mHNE 5,
E el Ry R ARk X E; #58 NDVI FIEIRET NDVI EEREME 2k X
(AL e RR) AL L)

DOI: 10.12677/ag.2020.102006 46 HERRH R


https://doi.org/10.12677/ag.2020.102006

18.00 = 50.00%
16.00 $45.00%
14.00 40.00%
«, 12.00 35.00%
—s, 30.00%
X 10.00
= H 25.00%
% 8.00
3 1 20.00%
:HEK c
T 6.00
- 15.00%
4.00 4 10.00%
2.00 = 5.00%
0.00 I I I 1 . 1 L 1= I % ® T, 0.00%
F ¥ ¥ ¥ 3 7 7 7 5 ¥ ¥ 3 T T I
d o ¥ v v o g - do do ¥ v Y
T T S e e e e T R - R R - R =R
5 5 5 5 5 5 5 5 =2 -t 333 3 3 3 5
A a8 aaaaaazs s aaaqaaaa

Figure 2. Changes of algae bloom area
2. RAEmARRT BT E

2017 4F 10 H 28 H. 2018 4F 4 H 23 H. 2018 4= 5 H 21 H iz FIBESKAEMHA LA, M« 2
AAL, X =N H IR BEGER R 2 WX G DR BB G, ArDASERRiE 2R & A T Ae b A 2 I
BIREKR,

1E 22 WL 24, R KB R EETAVE T 2 =i /K AR B AN 2000004 14 Ik, KZ K AAE 2017 4R
4 A% 11 A1 2018 i L A5 HIE, & 20%M7E 8 Ik, THIAR K — RSk KR L THIFR 1 46.02%,
RAAE 2018 4EH 6 H 7 H, HIRE - AmERATE 2017 45 12 A 21 H, HBERIEF S KRS AR 1)
43.32%.

BRI S, Bk E R BEAEGER 2~3 HUUG, —HEFSREREESY E89, 37
1~2 AR IR, SRE XHRIRK, e R EAEAEN) 5~6 H A 11~12 H, i #ESKAER)TH
IR RARIGH ), W REAESE f g A A 2 TR T IR SR 5 SR K -

Table 2. Statistics of algae bloom area and NDVI
2. BB L EIRF NDVI Gt HiiE

NDVI it
H BT o R (km?) -
IR/ Mi SN FEME Pk 2 StdDev

2017/2/4 6.33 0.0793 0.8411 0.3596 0.1486
2017/2/16 3.32 0.0472 0.7944 0.1578 0.0727
2017/3/22 10.06 0.0771 0.7881 0.2883 0.0795
2017/5/1 5.25 0.0801 0.6503 0.2021 0.0537
2017/7/26 6.31 0.1436 0.7192 0.5212 0.1112
2017/7/27 322 0.2500 0.6631 0.3332 0.0817
2017/7/30 0.12 0.0080 0.4252 0.1764 0.0958
2017/10/28 7.67 0.0936 0.7856 0.4890 0.1070
2017/11/5 3.06 0.0660 0.7069 0.3602 0.1021
2017/11/10 1.89 0.0485 0.5286 0.1006 0.0320
2017/11/14 0.64 0.0810 0.2544 0.1143 0.0172
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2017/12/21 15.04 0.1517 0.8403 0.4827 0.1150
2017/12/25 12.93 0.0444 0.7693 0.1926 0.1006
2017/12/29 7.83 0.1806 0.7018 0.3222 0.0765
2018/2/16 0.13 0.0000 0.0737 0.0104 0.0097
2018/3/9 9.01 0.1825 0.6985 0.3501 0.1203
2018/3/13 0.62 0.0473 0.5174 0.0156 0.0768
2018/3/25 6.27 0.0119 0.5377 0.0738 0.0373
2018/3/29 2.28 0.0368 0.6098 0.1627 0.0512
2018/4/23 0.59 0.1800 0.6614 0.2381 0.0714
2018/5/21 0.87 0.1011 0.3441 0.1990 0.0482
2018/6/7 15.97 0.0675 0.7120 0.5340 0.0990

3.2. KRIEHSERES WX O

K 3 7 1 2017 4F 2 F 3 2018 4F 6 H S 55 X I NDVIL 175 G BOR s 7 AR 501
Afeath, IIE 3 aT%1, M 2017 4E 2 A P4, NDVI 2 EFH#a%, —HEFFEE3) 10 HiARIE(H 0.49,
BTN, BT 2018 4F 2 Hik Bl ME, BRSO Y, 7R 2018 4 6 H A RIEE, X5
SETHI AR WA B H A — 3
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Figure 3. Pollution index, lake nutrient status index and NDVI mean in algae bloom
region

3. IBHMEY. MIREFRSIRMAERBSXEA NDVI 918

M 3 LA R =il IR NDVI R LK NDVI P (E A CPE RS, B NDVI R/ MEFE
AIHK. MH 4 TTEE IS FHRECS NDVI ST HK NDVI EEAR S, R A A AR A 52
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Table 3. Pearson correlation analysis between cyanobacteria bloom area and NDVI (N = 22)
= 3. REEME NDVI Z BB /REME X (N = 22)

NDVI 5 /ME NDVI 5 K1H NDVI {8
BRI 0.191 0.646™ 0.655"

TAE 0.01 BBICUR), MKMEEF.

Table 4. Pearson correlation analysis between water quality index and remote sensing index (N = 12)

T 4. KISRIBH SERIE R Z BRI R /REMBX 2T (N = 12)

% Kk NDVI 418 NDVI ¥J{& AP 344 SN AT
IEE. Sk 0.644" 0.743™ 0.385 0.342
BIRRETRE 0.45 0.652" 0.42 0.309

TAE 0.01 FBICUR), MKMERF.
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AW 5 R WRV ARIRES N8R, 2T NDVI RME 2§15 N TS &, 3R 2017
2 A% 2018 4 6 H (8] 2 =il IR B A X3, 0 HB R R R I S AR AL b, TS
IKIRSHMAHI I, FEAFRIL T8

1) M 2017 £ 2 51| 2018 4 6 H =il Kl 70 I [ A A K 2R 5, HEA ANHAE P Ak
KHAE, BEIOKERMBERAEE SRS AT 4, 3 2 4 JIRBIOKERRGME KN, 5% 12
R R HK AR R A, B 4 1 & 3 A Z&3EiR.

2) BRI NDVI S KA EEAT 835 B IEA R, V5 GRS R AR ORI ) NDVIE EI{E 2
B M IER K.

E&WHE

= T A T AR R (B 43 ) B A B A L O H (4% 5 2017FH001-100, 2018FH001-067,
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