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Hyperspectral Monitoring Model of Eutrophication in Lake Nanhu, Changchun
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Abstract ; This study presents an approach for the determination of the trophic state from field reflectance spectra in Lake Nanhu of
Changchun, which was in eutrophic status. Reflectance spectra were measured from April to July in 2004, with ASD FieldSpec
spectrometer. Based on in situ water sampling and reflectance measurements, algorithms of Chlorophyll-a, TN and TP have been
developed. With the TSI, trophic state index model, the lake trophic state are monitored and evaluated. The model equations as
follows ;
TSIy (Chla) = 10[2.46 + In(Chla)/In(2.5)]
TSIy (TN) = 10[2.46 + (0.3155 In(TN) + 4.5998)/In(2.5) ]
TSIy (TP) = 10[2.46 + (0.3939 In(7P) + 5.4415)/In(2.5)]
TSI, (AVE) = [TSly (Chla) + TSL,(TN) + TSI, (TP)1/3

The result shows: 1) TSIy model to evaluate lake water trophic state, may obtain accurate result normally, with little time, effort
and money; 2) The TSIy trophic states of hyperspectral simulation data, compared with that of laboratory data, narrow the differ-
ences of the same point in different months and different points in one same month; 3) Lake Nanhu is in serious eutrophic state,
and needs to take measures to prevent the water quality from worsening further.
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Fig. 2 The correlation between chlorophyll-a concentration, TN, TP and spectral reflectance
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Fig. 3 Relationships of chl-a vs spectral reflectance of 705nm(a) ; TN vs spectral reflectance of 403nm(b) ; and TP

vs spectral reflectance of 865 nm(c)
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Tab. 1 Regressive equations and relation coefficients indicating the relationship between TN contents and spectral reflectance

FHEP I (nm) ST BERB(RY) MK (am) MG TR SR E(RY)

400

= —-217.52x + 4.6846 0.6265 765 = 147.37x - 0.6234 0.5584

Y Y
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443 y = -213.78x + 4.2434 0.7598 865 y = 572.75x - 2.5939 0.6033
705 y = 48.387x - 0.2154 0.5268 890 y = 2336x — 11.341 0. 6555
753 y = 153.37x - 0.7134 0.5599
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Tab.2 Regressive equations and relation coefficients indicating the relationship between TP contents and spectral reflectance
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705 y = 6.5243x — 0.0408 0. 6623 890  y =275.8lx - 1.3341 0.73474
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Fig. 4 The verification of chlorophyll-a, TP and TN models
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Tab. 3 Regressive equations and relation coefficients indicating the relationship between Chla contents and TN, TP contents

AP K (nm) LRI T HiEHE R (R ik
In(Chla) —In(TN) y = 0.3155x + 4.5998 0.3062 Hp y {83 In(Chla) ,x {83 In(TN)

In(Chla) —In(TP) y = 0.3939x + 5.4415 0.3079 Hrp y {83 In(Chla) ,x {83 In(TP)
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TSI, (TN) = 10[2.46 + (0.3155 In(TN) + 4.5998)/In(2.5) ] (5)

TSI, (TP) = 10[2.46 + (0.3939 In(TP) + 5.4415)/In(2.5) ] (6)
SRJG XX 3 TFEHCR BEA B A WA E B IR ASE, LR &3 A 2

TSI, (AVE) = [ TSI, (Chla) + TSI, (TN) + TSI, (TP)]/3 (7)

[5]F£E B2A ARLIAT 5 785 FR AR R v '™ B v T S SR AL R R R A e g

TSI, (AVE) <20, 408420 < TSI, (AVE) <60, 1145 724 ;60 < TSI, (AVE) <80, £ #% 1 ; TSI,
(AVE) =80, # & B F# 1.
4.2 B EEFUEEBNLE R R

K F ST A8 15 SRR A TR BB, 43 0 56F = YR AT SRAE: a5 S5 56 2 008 AR o Y i AR B B ALL B 6 A 738
A P e WME IE B IR SR (B 5) | RIBF HEAT T 30 0E. X4 45 SRt AT 4t AH 240 i (1 6) , i 8
FRHGE ) 0. 7481, R H A #AH.

&
E ﬁ 80 ¥=0.7902x + 16.015
% # 8 R*>=0.7481 : 3>
P " 76 '
I u * .
i =7 - X
W70 oA XRHEHE —— SARBBE m 72 . . . . .
68 .— e 70 72 74 76 78 80
11 13 15 22 24 26 31 33 35 =
R THREREEFREY
5 B e E IR ARSI 2 2R Pl 6 o T AU S 0 2 s e 0 i 8 e 3R Ak
Fig. 5 Evaluation result of eutrophical state i LEE VR Wiy VP
of Lake Nanhu Fig. 6 Regressive equations and determination coefficient

IAF I & SRS TN G SR A T LU I OR8PS 30 2 MR | 340 2 FH e G TS R RS0 540 | e
A RS TR S TR R IBAE 70 - 80 22 ], 4k T 85 FR MR ZS X S PN A 200 ) i i A T 8 s SR
MEERZAL. WA LAE 1,6 S s REI880S 4 Ay AR i 7 A4 S8 B, — Bt
77 =79 ZIa) AT EE SR 2. XTREER R 4 AR KFESENIF AR 0 A K SIRRIFF RIS, 3
B AKTAEGE, M7 AK 8 AMKENAKE, B BT, 05 191858 /01 3% (Anabaena spi-
roides ) ISR UAETE ( Microcystis aerugnosa) SFHEAS R o B0, MM 443K a B W T, 38403k 3 4.5 H M
fi5 LA L, BT T 090 0 S SRR A e U g 3 .

5 &ig

(1) 1 e ' e R A S R R T T 85 5% A e R, BE A8 AR IR A v B 45 2R, A X T
TG s N 5 vk AT A WA 1B B R . 32 FHHRHA T 8 I (AR B AT I M AN, AN R — DA X
szl (ER T A R SRS TR B A 2 oG AR, BRI S Bl X /K A LA G A B R AT
IS, T AREA T R T AR PARBITSE , 32 Tl 9 s DI i S S ) — > T 2 A R A

(2) FHS56 2 B 19 TSI B TEE TR AR SR B, 2 mUEUE R IR FEBA, T g 1 i 22 J i 00 A6 2 A4 4
B IRIRATE RO F-22 , 1 SR W WA X 2% s St AT 7 AN TR BE (9 Tm] A, AR XS 4 /N 1 [R) 393 e a5 3l A
S S R) e 22 T 22 57 3K -5 S A o AT B I A R AT R — AN 2 4k R R T SR A R RO
%2 ,In(Chla) 5 In(TN) F1 In(Chla) 5 In('TP) Z [AIFHOCREA G, X UL IR 1 e ol i JE M DA 8 ) G R

(3) ARSI I —LEFAE K 15 I 5 FR (RS O T80 8 SR AR BE B PR, B 58 70 R
BB IR LE AL A RER b SRS S BTN AR R AT O ik

(4) WFFEFIT, KR T W) KR 22 B O 7™ 1) 8 R AR S, 7 R A Tl By Lk 1 T80 K o ik — 28
.



288 J. Lake Sci. (#1:8#+3),2005,17(3)

6 5% 3k

1P W RS TN E E A B AR S TR NI AE 2SR, 2001 ,12(4) 1590 — 592.
1 RES. KRETHWIARBUA BRI RILKFIKE 1994, (3) :26 ~ 30.
[3] B/ TY B EE B ARIK RS R 5 SIS RHE I DG R B IR, 2000,4 (1) w41 — 45,
1 THIRAE HARDS. 454 Landsat ETM 5 SUG Al I R -2 38 S B 4 & ik WAL ,2005,17(2) 197 - 103.
1 SRINE SBBROF 12 M Oy 2 M N 30Kk . 8RR 5 A, 2000, (4) (214~ 219.
1 Koponen S, Pulliainen J, Kallio K, et al. Lake water quality classification with airborne hyperspectral spectrometer and sim-
ulated MERIS data. Remote Sensing of Environment, 2002, 79 51 - 59.
[7] Thiemann S, Kaufmann H. Determination of chlorophyll content and trophic state of lakes using field spectrometer and TRS-
1C satellite data in the Mecklenburg Lake District, Germany. Remote Sensing of Environment, 2000, 73, 227 - 235.
[8] Kahru M, Mitchell B G. Spectral reflectance and absorption of a massive red tide off southern California. Journal of Geo-
physics Research of Oceans, 1998, 103 (C10) ; 21601 - 21609.
[9] Stumpf R P. Applications of satellite ocean color sensors for monitoring and predicting harmful algal blooms. Human and Ec-
ological Risk Assessment, 2001, 7 (5) . 1363 - 1368.
(107 X0 3&,F 3,08 @A T8 WK RIS vk B el B DU S0 4. WLz 2 i (Rl 5 A Bk 2R
2003,29 (6):621 - 626.
] R, B2 LMK REIR Y & i 5O S A R A R T R SR AR A, 2003,16(6) 166 — 68.
A WS T A P EENA LS B E IR AU (A RBERR) L1999, (1) 74 ~ T8.
[13] p30E. KERBIKBUL I 5347 55, 1999,18(3) :61 — 65.
1 ks, R fr e BRfh R WAL B8 sh 25 B N . KB R ,2003,14(5) 653~ 659.
] Morihiro Aizaki, Akira Otsuki, Takayoshi Kawai. Relationship between nutrient loading and phytoplankton standing crop in
outdoor experimental ponds with continuous flow systems. Water Research, 1986, 20(7) . 859 - 863.
[16] skifebk, a4 . 28 B0y 2 0 T WA & B SR A IPA RS iR AL#,2003,22(12) 11030 ~ 1033.
(170 ARl H BE WA PR, ALt e kL, 1995,
[18] R4, %, BHFE. SHNFIAEY R &t 5 DG RERC R, WIIARIS:,2002,14(3) :228 - 234.
[19] EWPR, XS, KA. B0 5 B SN Tk Ko Gebrif. v EPRIR RN, 2002,18(5) 147 — 49.
[20] 30 BUAEN, B 07 K AR 7 0 5 0 1b 00 00 DR RIR BIX 3. AR LI R 240 ( H AR 22 i) ,2002,34(3) : 103
- 107.



