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The method of measuring energy flowgpandpin ecological networks by input-

output flow analysis

LI Zhongcai® , XI Xudong, GAO Qin, LI Lihong
Shandong Institute of Business and Technology ,Shandong , Yantai 264005 , China

Abstract; The paper classifies all the groups of paths as first passage paths (set ¢ ) and subsequent passage paths (setp) ,
and explains the calculation method of the throughflow under the modelspandpby the input-output flow analysis. We chose
the five-compartment model of ecological network proposed by Pilette and Kincaid as an example, and
calculateT'ST andTST,, then quantitatively derive a correct evaluation influences of @and p on ecological network
throughflow. The results show that: the total system throughflow is 31g C every day, and 90.23 percent of the total system
throughflow corresponds to the modele, 9. 77 percent of the total system throughflow related to the modelp. Finally, we
respectively analyze how the modelspandpinfluence the throughflow of every node in the ecological network. The non-
measurable, unobservable and indirect properties developed by input—output analysis can provide a deeper insight into the

ecosystem, thus offering quantitative methods for exploring indirect effects and interconnectivity.
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FL7E 1941—1942 4E R. L. Lindenman f1 G. E. Hutchinson 8157 T B E B RGN E 80 Jiempt 437
PRI S , I 58 E I JE IRk M AY Cedar Bog WITAZEAT T SEUEAM T, —SB0F 58 3 X A2 25 2R 40 10 B 42 1]
AL R A3 6 TE W AT TR A ST, S0 T A S R G AL 3 MU IR, £ B A5
NS AT A IS Markovian P RIS, Mitsch ) RE PR A T LR M AR AR

HEWB: HK A RFFE LI HE (70973069 ) ; 11 R4 H 2R 54 T H (ZR2009HLO11) ; # & # A SCHt B R 3 42 (10YJA630091 ,
10YJA630040)

Y B #A:2011-05-27; &iTHE:2011-07-11

# JIAMEH Corresponding author. E-mail ; 1zc2004620@ sohu. com

http ://www. ecologica. cn



19 4] A AR R TR AR AT I AR S M 4 @ BERETR o BLCRE I B2 TT 1% 5861

SERYLH SR 3 R AR B 45 OCHRITIE UM 46 7S 1 R G i 4% 5 A VR PR 5 240G, Mitsch WL AR
AV ES RG R AL YLBR ML T 8 B2 Mitsch A A B AES RGP RE ML 135 1 AR R
AFRET BB KR

RGER M7 ik 2ol WS D T B iz FHGE T 07 1200 Bdle 2647 20 A, R PR IR A= 25 R SR L
WA —E A E FACTE , IR AT 458 5 REA TTZ RIWAAE— & 1 22 , RO AR S R G Jay il & 1tk
AT, R 2 78 R GE)Z W A AS BO R RO ERIS . ASCWEFE B A« (1) BRRA S R RE R AL 8 AR O R 2E
AfE A% 1 @ BRI p 5 (2) AT ARSI 4 o BEAURETR o BERE DI BE 7k ;5 (3) PTAl o BERR I o A
FURE TS A= 285 0 4 RE 14 136 A2 2 JEE
1 EENERHNNFEFRE
1.1 RSN

EBRGR-ANEARR AAL AR E M RGN 25 P4 R BUAE ) 18] A HLAE
KR EE SR R G AR Sy 2 4 BT RE R S 45K, HAEA Ao/ o s s te . r s a7
/%éjﬁqu%‘ﬁfﬁ@y]ﬁg%{j,%ﬁf%ﬁ%lﬂ%@i JHE AL Y G Cohen'"’ \Martines[m] \Bersier[m \Margalef[m
SENGE ST RS M ERERERE (C) ML, b 283 8 H S SO n, 19 R AFAE G O B H oy L, €=
L/n” ;Hannon Patten Margalef SR F AT 35 RE MR 3 A A5 M 46 1 s Z I A OC R (B 1) o By AR R3S
RGP YRGB T Z (A A IR B DA R 2 B HA W Bl R i S 0GR 8 0 9 R B
A — A WP RHE RS 0 9055 j ATRITCR N 1, B 0,

A f B A j f g h i
x j 0 0 0 0 0
j g f 1 0 1 0 0
g 0 1 0 0 0
f h 0 0 1 0 0
h<—. [ 1 1 0 1 0

|

n=5 C=280

Bl1 MM, WmAMERMERRT RSB n=5,BEE C=0.28 W%
Fig.1 Example network. Two isomorphic representations of an example network with n=5and C=0. 28

(A) HEEBIA P, (B) b W2 B R SRHR R , F7 1 I266 35 s BBk X

MATIRHERE A FTLAE R 5 AT s 2 0 AR 28 I 28 LA 8% AR (B RE el i 1 AR ZE P15 i) 4%, i
HHEBAEKE m=1)f 7 %, BERAZEIA W] REE T F)H2 % A2 (B RE 38 o 22 25 FE P19 A RS 8, 1o i) 42
PR TE m>1) o B0 BB 2, IO j—i A2 20 8 i Oy B ARG T RE i 2, B I j—f —g—h—i (E R
G, N AR . AT DAEL .

A+A” 4+ A" 44— 400 (1)
1.2 AEMgEeELiB ) 12= R

FEME F=[f, 1R nxn 4ERYRE S P, £, AQR Y A0 7 AT A IURB IR I, 9l i & T, 7T LUE

SCA
Ti=2ﬁj+zi=2fﬁ+yi (2)

2,z R MG RGP AT i BR L, y, AR T @ AURBIHR I, Matis F1 Patten'™ 2t (19 4= 25
BES e DIy

dx/dt=Fx14z=-F"x1-y (3)
2 20y 728 nx ] GERYHERE , J0 ) AERIE T SO RE A7 P AL BE R A AR BE HEVHAE, 1 J2 n ZEBRAZ S [A)

http ; //www. ecologica. cn



5862 A E = 314

FURERBERHE F 5 B, YAERRS MR LB IR B RE AR, A do/de=0, LA AL §
ME FIIXTAICR f,=-T, . WARHAEEMEREEG it BEE DB, a2 .
x(t+A1) = x(1) +Ax (1) (4)

[y
i
=
i

A, Ax = FAix1 +2A¢
2 ESMEREREBRRESE

RS BRI AL IR AR ] 43 2 PR R o A5
Fp #2212 R T B & R 4T A (k4 A7) )tk
B B E A RER R A ET A
Ay B, QAR — Al T 5 B EE, 5 A, A
HREFEIX SR BER T Bl A TERE G RIS, W 2 h o
BT RO AL B2 o, G045 4 BSR4 Q) A, -

N, 4 AV 2 lj‘L,t\l \g ™ I ':ZI: K
QR Q- O SAFS IR B R H2 ESRGHRETATFRERX
Fig.2 The main groups of paths between two compartments in
0,=4,UQ,U4, - QUQ, - Q, (5)

ecological network

TE @ BT, 1 j I RE & B A% 219 AR i, TE R AR
B Fp ] ST LAAATE RE R A B (H:  RESETE 1T 0 i A R AR A IR
T AATE 2 RPRIRPEAR . — IR A XY L AR R AR i Y S R R AR (h ARR S BIRE k=1,2, ) , 1T
ﬂi Pii:
6.=[(4,UQ) - (4,UQ) ] (6)
Ty R X R R R AR IR AR B X RGP AR TR e WA T AN L B QAR
I ,p, AT LAZRIR O

pij=<QiiU¢ii> ‘QDU:%Q”-U[(AUUQ”) : (A,'iUQjﬂ]k% o (7)
FW R B A TR RER AL IR o, T ARIR R
lpij:qoijupij <8>

3 BWAN-BWHRIWHIE
% g;=f/T,g:=0,6=[g, ], G J& nxn AJERE , WABSRREEESLMUN RS, REBRIRE
ARSI REEL AL I IR BE AR I N 7T LLR R A
N=l+G+G +++-+G" "+ = (I-G) ' (9)
T AR S Re R A i, Z ARERINAE i A SR s ) i A R
T=(1+G+G +-+G*) Z
T=NZ (10)
FEFE N=[n, |, 00K n 2 5 j 8 BRAR o A506 Z27 10 0 RO REFRAL 18 0 B2 280, B W48 T =z, , HIUE

y=yo

Ti:EfTif:E;nijzf (11)
= i

MU Kemeny' 2 VS50 5E AR I N TCHR n ARSI AR j 1SRRI BRI, 7679 00 ¢ Hh LA
FIMATCR n,, Y n, =1, WIS i AETEIRERGE, ENRERE K o BEUf% i | A il i p #5342 n,
=1, YL AL i A77E p BB RR I . ] TST,, 7R p BT YR 28 SR B, TST, 2R o BT B 2% 5
i, A R

TST, = [”ii - 1} T, (12)
i=1

n;

TST, = 21 [H T, (13)

http ; //www. ecologica. cn



19 18] A AR R TR AR AT I AR S M 4 @ BERETR o BLCRE I B2 TT 1% 5863
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F1 P&K 4AEMEMTRER F
Table 1 Matrix Fof P&K ecological network

z 1 2 3 4 5 T
1 10 0 0 0 0 0 10
2 0 6 0 0 0 2 8
3 0 0 4 0 0 0 4
4 0 0 1 2 0 0 3
5 0 2 1 1 2 0 6
T’ 10 8 4 3 6
Y7 2 2 1 1 4
FIRAE RS F RIS 56 6, W3k 2,
*x2 ®KEG
Table 2 Matrix G
1 2 3 4 5
1 0 0 0 0 0
2 0. 6000 0 0 0 0.3333
3 0 0.5000 0 0 0
4 0 0. 1250 0. 5000 0 0
5 0.2000 0.1250 0.2500 0.6667 0
AT (9) TSR AR FE N, WL 3,
*x3 EEN
Table 3 Matrix N
1 2 3 4 5
1 1 0 0 0 0
2 0. 8002 1.2004 0.2338 0.2678 0.3997
3 0.4001 0. 6002 1.11691 0.1339 0.1999
4 0.3001 0.4501 0.58769 1.1004 0. 1499
5 0.6011 0.6017 0.70221 0.8042 1.2004

M3 T, 0y, =1, BEBTT A1 BB RS 18 TR o B T 28 v HA S O A A o #58, ThT HL
fudhip B0, M (12)—(14) /453 TST, =3. 0296¢ + C/d,TST, =27.9704¢ + C/d,TST=31g - C/d, HZAR
(15) (16) HHREA, I, A, =0.902271,4,=0.097729, 475 ARG A6 R G R 90. 23% 2l @
AL BB R T 1Y 9. 77% it p AL EE Y, n] LUEE X R ST o B p AR i R B 20 AT
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