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The HYpPerspectra] Data M onjtoring M ode]of Chlorophy|l a
of Summer jn Tahu Lak,e Chimna
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Abswact  In this Paper a new hyperspecua] datamode] that estinates chlorophy]la concentation ( Chlay mn Tahu
Ldke of summer js Poposed Themode] was devepped based onmeasuranent i st Julyppp4 and was validated by
hyperspectra] data n Augustpgg, W ater sampJes were colfected bY W uxi Tathu [Lake EnvirormentM onjtoring€ Staton
and covered he typica]water areas At each sife  hyPewspectra] data w eremeasuied en times by field spectorad fm eter
ASD FiedSpec and were converied ino mmote sensing reflectance D ifferent hand canbinations were cajeujated and

comparg and e nom alized band index was sefected because it s more explicable The mode] built by data in July

2004 SChhe 8/1)=EXP(2.478+16. 378 * No6 ) Where Nog 1S (Re96— R661) / (R696+ Re61).  Goodness of fit
statistics of hemode|R 180. 9051, and R0 0001 Canparedw it othermode]s this one ismowr stabLe and is of less
ahsoute errorw hen used © estmat Chla n AugUS‘Q()()4, Theworks n the paper aj]so showed that hypPerspectra] data

Voliy Nos

mode] can he used © estinate Chla bYymont i the sunmer of Tajhu [ ake
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1 NTRODUCTIN

The chloobPhY]la concentaton Chk) ® amain pa
raneter that reflects the euttoph cation degree pnn water
hodV"  Using ranot sensig data © estinate chlo
ToPhY L a concentratpn i the water hody has already
became an ﬁnportantmethod and the hyPerspectra|
data are used as a mamn data source hecause of its
higher spectrun resofution Many authors have stud
ed he rhton heween Chla and the hYPerspectra]
data and indrated that hypPerdectrm] data can he
used 10 estinate Chla*>™ %

Tahu [.ake s oneof ke five higgest fresh water Jakes m
Chha and # an mporgnt fresh waer resource n He
Yangtze River del@a Since gy th of the wentjeth centw

Receved dat 2006-08-10 AcceP ed dag 2007-03-15

chplophylL’a hyperspectraldatg TahuLak? water envijiomm ent

y wih te fastdevelobment n indusny eutrophicatpn
mn Tajhu [ ake has pecane more seriou,s 10 a ceran de
gree has affected the bcal econamy grow

Some researchers have ohtamed same conclusions
ahout relatpn heween hyperspectra| data and Chk n
Tahu Laké **
manly concentrate i the one perod or the partialw a
ter areg and themode] did not been ested bY he ex
trapolation confimatpn

The purpPose of this Paper s ©0 establish a mode] that s
ohust and can he used t© make Predication of Chla
based on the hyPerspectra] data i1 Tajhu Lak’e summ er

However data used n these works

2 REGDN AND DATA

Tahu [ake is a Jar€e shallow water pkg whrchw ater
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area isp33g knt, and the mean depth mnge is from
wo to fourmeters The regon clinate s he sub ropi
calmonsoon Them ninun PreciPj@aton appears
January and Febmaty and the maxinum appears i
June and July Take Tajhu [ ake as the center the
upstrean  where distriputes  hillks  and
moumain,s the east ;s the Jownriverwhere distriputes
the Plain

The W uxi Tajhu [.ake Envionment M onjtorng St
tion has set upp 1 sampPles for routne water quality
mon ormg n typica] area fram 1996(Fi8 1), Water
sanpPles are collected and Processed mn the first(q
days of each month accordng to the nationa] stand

west 1S

ar] Statistic result of datn shows that the average
Chla isp71 8/ n the lake the standard devation is
561 8/1, The average Chla n eachmonth has a ohvi

ous seasona| varption( Fig 2),

3@2}0;}
TR

20 km|

Fig1 Locatponof samples nTahu [ake
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Fi€7 Averge and mnge of Chlmonhly in Tajhu [ake

In summ er the big8est vargance of Chla appeared n
A ugust and Septembe’r June and July are the next
Average Chla increases fran June obvious]y and rea_

ches the hi8hest in Augus;t then reduces gradually

Besides the sunmer varatpn of averag@e Chla mn
eachmont, is nothg];l and the smalgst varjance ap-
pPeared in winter There{or,e the summer is the hest
season to estah lish ranote sensing monjtor mode] of
Chla

I the simmer of2004 watr sanpP fes were colectd
and analyzed according to the natpna] standard In
the same ting water urface spectrum s w ere meas
ured by filed sPectoradiometer of ASD F eldSpPec

The nstmment s spectra] bandw idth 1], 58 ™M and
sPpectim reluton js3mm A standard gry Plate
w ith reﬂectance30% isused as the reference M eas
procedure {ollowed that described bY
The nstument away fran the water sur

urem ent
Tang'"
face approxinately one meter measures the 8rey
plat,e watr surface and the sk}; repeating ten tines
for each object W ater surface status wind direction
andw nd speed were recorded at the same tine

Data m 8 Paper are coJlected n July and August of
2004 the correponding date is1—7th n July and
6 hmn Augus,t Iesﬁectively

3  DATA PROCESSNG

SPectumn measuran ent data were processed acco rd ng
0 Tang'™ M easure value was transformed nto he
remote sensng reflectance and denoted by Rn where
W ind $eed Parmmeter is

2.5%. The median vajue of ten measuraments w as

n s wavelengt, value

taken as sanp e value Because of the nojse mmeas
uram ent reflectance with wavelengt, range {ram
420 ™M t0gpo M was used in the paper

In sane sampPle sites spectum measurement did not
carry on orwas useless pecause of fe nfluence fram
the weater condition and water surface satus There
{or,e to@a] nunher of samples used 17 (nOt nclw
ding samPkg 12 14 and 1) i July andpo n
August( not ncluding sanpleqy),

There aremany methods of analyzng the relatpn he
ween specgum reflectance and Chlal' . The genera]
woitkflow mncludes three stePs  a) data uans{brr}
b) detemine the sensjtive band ccmb'natiop the
wavelengti s Position and ot er characteristc Parane

ter of spectrum dat? ©) buid mode| Consjderng he
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feasbility and usabiliy the correlaton analysis and
regressjon analysismethod were used in this Paper

L near relaton heween reflectance and Chla n jul
was checked bY the scater chartat he ﬁrs;t and [og
arifn relation was foung There{or’e Chk s trans
fomed by the natura] pgarim and i1s denoed by
InChla

Correpton analysis was used 10 get the band ndex
For a spglk band the Pearson correlation coefficient
beween [nChla and ori€ma] reflectance or spectrum
derivation reflectance w 1h orderL 2 and3 were cal
culated For any wo different bands difference and
ratio of reflectaince were used © make hand ndex
correlatpn peween the hand mdex and InChla was
calculate] The band or hand ndexw jth themax cor
relation coefficient wil] be selected and this © called
the max correlation coefficent e in the paper
Regresspn analysis was used © buid relatons P
mode] beween hChla and band index fram data n
July Data n Augustwere used t0 test the mode]
The mode] with the lowest RMSE ( Root M ean
Squared Errory was accepted i the hst

4 RESULTS AND DISCUSSION
4 1 DBasic statistics character;stics

Average Chla in July and August ofpgn4 Wasgqou 8/
L and 143 8/L respectively( Table1) While itwas
39m 8/1. and 59u /], in histoy in the same mont,
Chla n Julypopgq W asnear the average in history but
that m Augustwas higher In $atia] distribution the
low er Chla abpeared in them iddle Part and the easem
part of the [ake¢ he hi8her appeared n the westpart
Obvious high value appeared in the north partMeil.i
ang [ake ( samPle NO 19 2() and river enters of the
lake ( sample No 10 12 15) i thewestern

Tableyp Statistics characteristics 0f Ch 1&(;4 g/1)
in Tahu [Lake
M onth M in M ax Average Sdev
July 7 192 42 43
Awgust 5 1140 143 255

In general]y when algae s density 1S Jow n waer

the chloroPhYll a n the al€aematter can results jn ah

soption and a valley i spectrun curve can he found
fram w ave lengthgpgmm o500 mm and atgys5 m The
most ranatkaphle spectrun characeristic n water cor.
tained the algae is the Peak neathy 700 M In addi
ton because of fe mfluence fran aj€ae hlue Pro
en valley or shouler curve shape can appear on
642 Tt

Spectnm cuwes i Julypgpgq are shown n Fi€ 3

Reflectance/%

Spectra] reflectance curve o f samPles

n Jutyono4 Tahulake

FE3

Characterstics of curve n the dat are consjsten tw ith
n Fig 3
three pica] sanplesw ere pointed aljone No7 s 7Ze
shap where Chla isyqp &/, NO 17 is Sha dunga
ng Chk is7n8/1, the min value of a]| sanpfes
NO 19 i Du shankuo Chla is 9o €/, hemax
vajie of a]] sanples The spectum reflectance does

Previous conc]us'pr} Spectrun curve oOf

not change opviously w ith the mncrease of(tha SO it
is diffcult © estinate Chk bY singfk band reflec
tance

4 2 Correlation analysis hetween smngle hand re
flectance and [nChlJa

Correlation analysis results show in FE 4 and Table
2 Negatjve correjation exjsts heween Chla and orgi
na] reflectance Under R (). 008 correation coeffy
cient 1<~ — (). 62 the wavekngth rehted 18 {fram
450 MM 10510 MY correspondng 0 the majn ahsom.
ton valley in the spectrun curve

hFg4 1 dg
efficient be;ween InCh b and reflctance processed by
spectum dervation w ith orderL 2 andj3 r dg

changes opvious]y canpared w ih r themax negative

r do and r de are correlation co
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Fi€4 Camparjson of correjaton coefficient

r cormrelation coefficients in orginal Icﬂcc@nc,c
T deL T dez r dg comelaton coefficients in reflectance
- chan_ged by ;pectral derivatonw ith ordery 9 and3

Tablep Maxand m in correfation coefficient heween

nChla and reflectance

Correjation r r de rde rde
M in —0 6389 —0.6969 —0 5137 —0 5681
W ave leng 486 462 SN 892
Max —0 1474 0 8109 0 596 0. 6089
W aveleng s 897 693 691 604
*. P=0, 001

correlatpn coefficient —, 69 (P=Qq 002) apPbears n
462 ™ where reflectance curve § the ahsorption val
ley n Pecoun the max positive correlatjon coeffp

Ciento_ 81( P=0. 001) abpears in693 m w here curve

is the reflecton peag r de and r dg cam Pared
with r deL does not increase
TherefOI,e 10 the reflectance m He paper te spec

tum derivation with the first order is suitable the
derivation w ith the second and the thix order are not
usefu]

4 3 Correption analysis petween hand comh na

ton and mChk

n the {folpw ng section,s r@L m1 and ride are
used 10 represent the correlagon coefficient hew een
InChla and difference (Bp-By ) rato (B /Bj) of
wo different wavelengty s reﬂectange
(dB /dBy) of wo differentwavelengt; s reflectance
handled by sPectra] derivatpn w ith the firstorder re
spectively Themaijn results listed in Tabley

and rat

Tabl3 Max and m i correton coefficient pew een
InChla and band can hinaton

Band ] g o]
com hina ton

Min —0 73327 —08&55"  —09B567"
Bands 453— 446 666 /655 701/663

Max 09185 0 9507" " 0 964"
Bands 709— 660 69 /661 693/538

*. P=Q 00 **, P=0 000L ***. P=0 000000

Ip] changes n[ —( 7332 Q 9185], and m]

changes N[ —Q 8655 @ 9507]. Band combhation
produced higher correlation than single hand

Acoording © hemax correlatpn coefficientrule he
band rmto canhinaton is hetter than the pand differ
ence The sign ificance of max posjve ] © same
w ith that of rdll,

tive 1] increases one leve]

but he sgnificance of max nega

mdQ| changes N[ —Q 9356 O 9364]. Themax
negative rde1 ® higher tan that of rp], and te
max pPositive corre ption coefficent is higger than 1
and i8 lower than rp.

The sensitive waveleng€ths change w ith spectrury s
processmg method A ccording t0 the max correlation
ruLe 696 M andge] M can he regard as the hest
Ratio pband canpinaton used to estinate Chla are dif
ferent in the d ifferentw ater hody in Prevpus stud £8
For exanple Thienann chose R7p5 /Rg78 7. M Qi
and ao | ake where water {s Clea7r R701 /Rs16 1S relat
ed closely with Chld" | InChaohu LLake hat i sini
lar 0 Tathu [Lake Ry05/Re80 © chose® — InTaihu
LLake the best mtp band canpinaton selected was
R705 /R675° ", R702/R685 ™ and Ryo6 /Reg2 ™.

Correlation coefficients hewween mChla and mto m
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dex that are [isted ahove were cajcupte] The results
show ed that these mndexes are related w1, InChla
closely (ris from g 90 100, 91) besides Rjo1 /R516
(=0 82). Water envioment n Qiandao [ ake is
different fram that n Tahu Lakp S0 the ratio Ry 1/
R516 can nothe used in Tajhu [ ake Because of the
difference jn measurng da‘ge measuring method and
the water enviorment he best band canbinaton
cannothe complete]ly same w ith each oter

Rato band comp nation was used w dely n ranote
sensing vaevqr th © expression may hring them is
understanding Take Rgog /Rge1 as an exarnpl’e high
correlaton with NChk may he reSarded that InChla
increases w ity ncrease of Rggg and decrease of
Re61.
w ith the pcrease of Chla both Reoe and Reg1 de-
crease] On the other hand the rato is sensitive ©

the data change Thew ater reflectance js often 1owe7r

In fagt we can see {fram He scater Char’t

the snaller change of the denom hator h @tomay re
sult n the higer varjation of ratjo vajue

The detailed anapsis indicated that it is the difference
beween wo bands reflectance to relate w ih IChla

Therefore  follow ng the fom of vegettion index
NDV,] anomalization band pdex ismade NRy 1=

(B—B) /(B+ Bl

Fi€ 5 shows reption peween NRy1 and InChla where
B 1sggemm and B] isg9)mm In distributons of
samPle the vaJue of ratio Rg9]1 /Ree1 ©® hi8her and
has great Variatiog NR1 iS lower and has Jow er varyp

atpn To the changeof InChla NRpj ismore staple

18
14|  RO96/R661 +
b o E
g 1.0 | e
~ 06 (R696-R661)/(R696+R661)
02 o
ag O ®%© ®
-0.2 1 1 1 ]
2 3 4 5 6
InChla
Fig5 Rehton beween nChl and band ndex

The correlation coeffrient heween NRy1 and InChla
is denoted by NR»1. The max negative NRy| i8S
—0.8666 . Which By and B ar geenm and

655 The max positve NRy| 150 9518 I
Whrh By and By arej09 i andge3m  m™NRyp of
696 M ar1d661 m isg 9513 which 1s very cps 10
themax m1 inTapley

RNRy1 of wo groups wavelength (706 682) and
(705 675) thatused n Tajhul aké*® were cajeulat
ed theY are higher than 1 to0

Acoording © the apove ruLe te best pband index
should be NRy1 of (709 663). Because the change
of correlatpn coefficient is snall NR21 of (696
661) B also taken nto account These wo band Ind i

ces were used 10 buifd mode]
4 4 Re8ressjonm ode]

Tableq 1s the resu]t of regresspn analysis w here de
pendent variahle s hChh
Mode] isNR21 of (696 661) @d that nModep
isNR21 ©of (709 663). Higher F vahe and R sug
gested the obhvious [jnear relaton hew een [nChla and

NR21.

exPlanatory variah ke ijn

Tableq Modelexpresspnof hChh i
July2004 Taihu I ake
Madel Modep
Coefficients t Coeffic ients t
Intercept 2 4782 24 4 2 9274 37.5
NR21 16 378 119 10. 5535 120
R 09051 0 9060
F 143 145
p 4 53E09 4 21E-09
Residuals
M in —0 4549 —0 5820
1Q —0 1948 —0 1334
M edian 0 0672 0 0607
3Q 0 2439 0 1977
Max 0 3904 0 433

Acocording © F vaue and K modep is the best
How ever themin and max residuals n modej are
snal]qr shows mode]] can fijt beter 0 extrame val
ue Therefor;a mode] isaccePted o estinat Chla in
August finally

4 5 Modelvaldaton

Data from A uBustyogq W ere used to test the modej
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and result showed m Fi8 g— Fi8 § InFB g the
canputed resu|twas compPared w ith te ori€mal Chla
w ihout consjderatpn ofwater surface conditpn and
weather cond ition  ChldNRgg is the result calcu pted
bymode] Parmameters ChliReg Which used as a
1s he result calculated bY the mode] pa
ran eters pased on he refption hew een nChla and ra
o of (696 661) i July When Chla is low
ChENRs6 ad ChlRee ar simihy When Chla is
hBh the difference beween ChlaNRge —and
ChERge ® obvious and ermor heween ChBENRg6
and Chla 1s lower

refelenc,e

1400

1200 —+— Chla

1000 —— ChlaNR66
800 — ChlaR66

600
400
200

0
123456 7 8910111314151617181920 21
Sample No.

Fig€e¢ Estinated and measured Chla in
Augustpopq Tahu Lake

180
+
150} o ChlaNR66 °
<
& 120f  + ChlaR66
T 90}
3
b=t i 0
2 60 °
30 -
% Il Il Il Il Il

0

0 30 60 90 120 150 180
Chla

FB7 Estinatd andmeasured Chl after ramove
deviant simples n August (4

8
7 - x :
sample in July .
6 — . .
) S
¢- .
a 5 - ] .A "7 % X
$) as v a .
= 4 n TR deviant sample
N 5.4 in August
3 DA X
g4 sample in August
2 - n
X
1 T T T T T T T
-0.05 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35

(R696-R661)/(R696+R661)
F8g Mode]fit Jine and samPle distrhutons

Under the noma] measurement condition ( r@moving
sanpPles m the cpudyY day and water surface with
blue green ajgae ploan)  he 0@ nunperofsamples
mn A ugust is 13
ChlNRge and Chk
ChlRgg and Chh 0o Fig7),

Fig g shows all sanPls in Jul and August fit lne
and confident fit curve of Mode], Based on double
varighle noma] Proobhability el]lPse with confdent
0. 99 themodej has the better {orecast ah {]ity under
the noma] condition This algo suggests thatmode]
built in Julyopp4 can be used 10 estinate Chla n Aw
8ust2004.

Bymode} the lowestahsoute eror is|p g/1. while
is relative error i56%. The hi8hest apsoluge error s
41 8/1. and it reptive error 1522%. The eror vajue
Samples W ih he
aho e error smalkr than su g/], appeared in hHe
center of Tajhu [ ake ( sanPle NO 4—g), The san-
Ple ( smPle No 19) wih the max apsoute enoy

which s4pp¢ /1. in Jul and7ge /1. in August ap.
Peared in themain channe] of the bke but its relative

in poth months

In these samplqs ermr hew een

s bwer than tHat hew een

changes w ith location of sanples

ermor is snaller 11131125%

5 (GONCIUSDNS

Correlation heween the smgle band reflectance and
the chloophYylla concentration js Jow and can not pe
used 0 puildmode] H igher correlation can he found
beween nChhk and reflectance after spectrun deryva
ton w ih the {istorder Band cambinaton can high
|Bht the difference n reflectance Nomalged hand
index s better than He o ndex Mode] based on
nomalized band index has lower error and S easy to
exppnatpn

Reg8ressonmode] of Chla mn July 2004 ® Chla(p &
)= exP(2 4782+16. 378 * (R696— R661) /(R696
+ Re61)), WhereRgpl andRp9e are rmote sensing
reflectance atwavelengthgg) M and ggg m  V alida
ton by dat in Augustygng show s that thismode] can
be used 1o estinate Chla Thereforg based on hyper
spectra] dat buildin€ amode] 1o estimate Chla n Ju
[y and August in Tajhu [ ake s Possiple

Both expresspn and selection of sensitive pands are
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mportant in mode] building€ W hen the goodness R

of mode] is near distributions of residuals may he

different Tt ;s necessary 10 validatemode] by different
dat fram different dae

1. nhear relation hew een Chla and hyperspectra] data is
opvious and usefu,l butmode] Precge need to M
crease further Study of varjation of Chla and suspen
ded sedinentand their optics characteristes in differ

entmonths and spatalw i]l be the nextw orks
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