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Sensitivity analysis on Lake Taihu data assimilation scheme of chlorophyll-a concentration
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Abstract; Sensibility of the Lake Taihu chlorophyll-a assimilation system to different parameters directly control the accuracy of es-
timate the chlorophyll-a concentration distribution when using this assimilation system. We used multispectral data of Environmen-
tal Satellite 1 (HJ-1), obtained on April 21st, 2009, combined with in situ data to retrieve the concentration of chlorophyll-a in
Lake Taihu. We developed a Lake Taihu chlorophyll-a data assimilation system based on ensemble square root Klaman filter( En-
SRF) technique. Take the retrieved chlorophyll-a concentration of Lake Taihu as the initial background value, then combined with
the data assimilation system to analyze the influence of the ensemble size, the assimilation time, the background error, the observa-
tion error and the model error on the assimilation system. The results indicate; taking the computing cost, time cost of system and
the performance of the assimilation system into consideration, the assimilation system performs well when the ensemble size are
30—40; the assimilation system is not very sensitive to the accuracy of estimation of the background; both the observation and the
model errors are very important for the performance of the system; different test stations have different water dynamic properties, so
they have different performance; the estimation of chlorophyll-a concentration can be improved by using the data assimilation
method.
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Fig. 1 The distribution of sample sites and test sites in Lake Taihu
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Fig. 3 The distribution of chlorophyll-a concentration in Lake Taihu
1.5 BETFRAERMMEE a 7 #EE

(BRI ZK R 1 S0 AN T e B AR, 3 BT 18] AR MK s g 20, SR T I R IR Z8 T B AR AR 2, TRl AT y
DL TR PP B0 AN TE  y Bl AL I 2 S 1 TE. S sy i

2 2 2

ﬂ+uﬂ+vﬂ+w87u=ﬁ)_ﬂ+/ih 8%+L?]+Aza—? (3)

ot ox Ay 0z p 0x ox~ 9y 9z

2 2 2
@+uﬂ+vﬂ+wﬂ=—fu—Lal+ . LZ+LZ]+AZL;} (4)

at ox Iy 0z p oy X~ dy 0z
ou v dw_ (5)

dx  dy 0z
p=p.g(n+z) (6)
A 2y AR 1) B3 PTAS 3 B E A TR

M 9 Mzl -2 (M wdz] =0 7
o+ L[ ude) L[ vde] (7)

A, wow 3508 oy 2 il b B BEEL S B 5 by TR 5 ) ) TEDAR X TSP S8 KT B R s p, S KRR 5 A,
FLA, 53 92 BRI ST A IR 3R 80 BT I T, o 7.23 x 10 77 5 ST 3 ; p Aok 9 JR3R.
MR R a WREZ PRI -

£+M+%+M=i(vcﬂ)+ﬂ+5 (8)
o dx Jdy 0z 0z 0z

A, e M ER R a W (/L) . BRI A 152 25 SCHR [ 24-25 ], AT DUAT 280 A 3 A0 00 i ¢ 3% a



& NEF . KM EE a R A GRS 167

2 MHREAE SR R —

2.1 HEFALF R itz |
AT AR o SRR RG T bR/ R |

R (BT 405 Y 07 B I A BHiE [/ A 7 ) (i K4 '
BRI RY K (280 I i h Bl ) SR 22 70 4

WAL 4). TEp® R
2.2 EAWHIRIER o ! S
R e — i S TR T 7 B ) 4k 7 2 , 1960 g
25— SRR 4 U B ) 77 9, 1960 4 —_

b

A8 Evensen % 7£ 1994 4R 4R 1 T4 A R/R @i k™ 5L

Kalman ' &5k bl L ioF B4R 254 142 11y Tf/\x{F(BiE’JEE' | 1l

M T 1551 AR BB O A2, FLEUAT 3 MU IR i S !
R ARG A AR Uk BT, LR e ] S

I LA A Y T 2 P (L s AR

T REROREEIE B M kB . Whitaker S HE Lo d 4
B UL 2 ) 8 5 4 M o 22— BT R

T LT3, W T 2209 51 A 503 152 sy
FERB ORISR, AT A 05 1 — LA (B8 i

F 2 N) ZACRBEHL S A5 B b 9 85 5 1 pR 2, 38 i 1) i
AU RN e N P NASY N OV S S R T A
HIGETH AR (A E S P TT 22) -

HAARBEIT

@ AT 2 MW 22 (R, ) AR 22 W 07 22000 (Q,,) - TR 20 (9 75 508 o AR R (19 1
D7 2EHERE By, HEATRENLIORE , B ) ~ N, By) , k=1, 2, o, K ABBREA BACH K.

@ HHER/R SIS K,

K4 meRRFEL RS
Fig. 4 Framework of chlorophyll-a

assimilation

K, BH"’(HBH"’+R )" (9)
K —
K—] Z (k) -x,][H, (xm) Hn(xim)]r (10)
k=1
K - -
H.B.H K ] Z[H (xhe) = H (b ) TLH, (xhy) = Ho (b)) 1" (11)
k=1
J— 1 K
o= D (12)
k=1

TERARIE 45 FE R AL A P SR T 3d e R AR I S 08 25 06 B 1) 0 0%, S T LIS B AT S ML AT Bk A0 2 155
R H . X EIET H AT OS2 R

(3 MEAT 4T 473 1y WL S5 < S T e SO 7 o 0 L0 597 , 43 90 % 44906 0 ROV 22 8 o HEAT
EE

x:<k) =x, +x;|a(k) (13)
=2, +K, [y - H,(2)) ] (14)
x:‘(k) :x:(k) _Kanx:(k) (15)

S, KAt 2 0 SR (O BT 4 4 2, 1 Z, 43 B HERE B B0 R 1077, 4 D = HBH' + R, Z,
N D SRR AR DT -



168 J. Lake Sci. (36 #+2),2015,27(1)

K, =BH,(Z;") (Z,+2)" (16)
@ FEATIIHL , o I A TR A B ) B3 -
x{:(k) =Mn71(x:—1<k)) L/ ST (17)

Km0 ~NO, Q) , k=1,2, -, K, MARRMEEER o ¥ BRI
G FRERQ, LG AT, B Z A B LI R A Sk 2 i 2 R AL R K.
2.3 REHIT
XFRALIE SR R FPIRR2ZE T 775 (1) #5122 (root mean square error, RMSE) ;(2) X

1= 7= (relative error, RE).

N
RMSE = IWZ](obs,—X,)z (18)
lobs, = X. |
RE:L (]9)
obs;

N A IR TR] , obs, 2 @ I 22069 FLAEL™ X0 @ I 24 3R a 9 HOBEAME B ) fh 2
3 BRRMES T

AR Y07 iU U Rl AL SRk R B R T, R RS TERE 2 2 208 37 22 iR 28 REAC K H
FIREIRY 5 2 55 PR R > Oy T BFSE3 2 2 H00 T [A)AL5 SR R B ), FR AT D538 5 DA S 80 A8 1, SR L%
KEESHOT TR RGEERERY M. HAT, KW SRR a [ ARG T Matlab BFSCBL, /KR E) J) 22 B8 J2
BT Fortran 1 75 5256, (E RGLIZ TS, BT Matlab 8 7K A 5] 246 8.

ALY IT O S oy, o3 BIRAEA KA (I SRR 22 UL DR 22 RIS Y 1 22 14 SRR S0 AT B
BRI HTSEE A 2009 4F 4 H 21 HIREE— 5 TR YIS R a WS RGE ST RATE 928 K a 7 BB Y (9 9
{H, 25 G AR R a 97 BIOBERY, ZERLDLIN R A A /N Hh — DOBEU A SR, R R 2 25 R A Dy B T L B
{H”. P, 3RS s g6 1 AR 25 2R 5 LR S SR EAT 0 Lo A, B AT WA [ 2 8 1 LA &
XA 4% 2 2 RIAL RGEVERERI AN, O T b G B ML 152 22 D 38 A ), S T 4742 ik ) () A 50 36 40 o A2
T 10 7, DI BREEHLE P 3R A2 e R R 22 Mok P33 3407 iR 22 (ARMSE) | BIFLL 10 YR A 37 AR %
2E I E A S AR IfE.

3.1 MBIREFHBMESN

[l AL B0 2B BN AR R a 3 BB ER 22 /ML 1% 25K 1% e RAE O 10% 5 [AIBIHC 12 hy
WL 2E 1% 535 SR 2E 30% s FEAKLH Jy 25. BEAITR P2 2 B phy TAREAL AR B JC RS 00 414 348 700 2] i 7K 4% 3l
1B S R B R GE R 2%, [l T FAE 0 RS 2805 B AN il L 2 S DAL R 2. 141 5 S T 488
TUTRIEXT TR A AR GE BN AN [ a5 (S0 TSR 15 2 SR AN [R] 9, 1 B e /N ARMSE ORI TR 22 (L
FAFEE (& S) . AR R R GBI 0 I A SR 7 R oy, AR 22 Mg AR AL 15 2 — T 2 S AR O 58 2 Py 22
SRR AT 5 A TR P D 22 . (LA B 6 TS0 15 22 1 At S AR 1) — S . AUk 23T 1 4% 1 o ]
VA, O 0 s A BN 8 22 0 4% ~ 6% I, ARMSE fe/I. XA BEH] , X T 2R3 a P HOBEAY I 75, 2 A6E
RURIETE 4% ~ 6% Z (A B , [F AL BORBAF . BRI R 22 /N, 25 O PR IR 22 b7 22 JE R AOAGA 5 24
BRI UR IR, S 2 T BN L B
3.2 HAHBHRMES T

[FIE S B RO B AEARH R /ME N 10, 25K 5 B KB 505 5510 22 30% 5 MR 22 1% ;i
LR a PTHE LR IEN 5% s [FALI KA 12 he FEARKCH B9 22D P 1 i e T S A AR 2 715 RE A S0 9 S
BICR A A8 5 14 25 ) 43 A, TR A B H i 22 O 8 in ZR Geas A7 9 B 1), I A 43 A7 R A 0 H 0 1) Ak 28 48 1 ek
PERLAEAT + 73 B2 5 PR A3 AR, TS 56 v e R A B B 50. BEAR B U 20 #7 S 4 45
Rl LA B RS AEAECH B3I, ARMSE Sk b 8 3L s/ Ny a3 (16 6) . AR AR H 78 10 ~ 25



F

1#

3.0
S9]
Q2.5
52 0
X2

lA | I T I T J
0.01 0.03 0.05 0.07 0.09

AR
25 5"
S3]
©2.0
=
215
10 1 n 1 1 1 1 1 1 1 )
0.01 0.03 0.05 0.07 0.09
BRANRZE
2.0
<3]
«“ls
Em
=3
05 1 " 1 " 1 " 1 " 1 J
0.01 0.03 0.05 0.07 0.09
BRNRE
200 13
[<3]
alskH
= Vdgakavﬁﬁﬁ
Z10f
5 1 I 1 n 1 n 1 L 1 )

0-301°0.03 0.05 0.07 0.09
AR

W K a FlL 2 80 547

169
2.5 2* 25 37 25 4
IS5 IS5 IS5
K20 K20 K20
§1se€ﬁ*\wyg&bﬁ = = @2£%H\J?RVP
=1 TLS&&qaybﬂﬂﬁﬂ 215
1( 1 L 1 " 1 " 1 " 1 3 10 1 " 1 n " 1 L ) 10 1 n 1 L 1 L 1 P )
0.01 0.03 0.05 0.07 0.09 0.01 0.03 0.05 0.07 0.09 0.01 0.03 0.05 0.07 0.09
PR 2 PRAR 2 BRR 2
- 7 200 8

a1

35:1.0

AR A

05 1 1 1 1 1 1 1 1 1 ) 05 n 1 n 1 n 1 05 1 n 1 L 1 L 1 L 1 )
0.01 0.03 0.05 0.07 0.09 0.01 0.03 0.05 0.07 0.09 0.01 0.03 0.05 0.07 0.09
HRRE BANRE BALRE
20 1 200 12#
IS5 IS5
als alSk
§ OG\S—/W < W
<1.0F <1.07
05 1 N 1 N 1 N 1 L 1 N 05 1 L 1 n 1 n 1 n 1 ) 05 1 n 1 " 1 n 1 L 1 )
0.01 0.03 0.05 0.07 0.09 0.01 0.03 0.05 0.07 0.09 0.01 0.03 0.05 0.07 0.09
AR I PRANRZE BALRZE
20 14 20 15% 25 16*
i Ky &
«als K20
DA VAV Hagh VSV N
<10 <1.0F X150
O 1 N 1 N 1 N 1 N 1 N 05 1 1 1 1 1 1 1 1 1 ; 10 1 1 1 1 1 1 1 1 1 )
“0.01 0.03 0.05 0.07 0.09 0.01 0.03 0.05 0.07 0.09 0.01 0.03 0.05 0.07 0.09
AR BRARZE BRANRZE

Pl 5 RERL R 22 SRR B 4 2R
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Fig. 7 Sensitivity analysis results of the assimilation time
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Fig. 8 Sensitivity analysis results of the background error
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