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System dynamics modeling for carbon budget at a university campus
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Abstract: To model the carbon budget trend at Zhejiang A & F University over 2012 and to measure the car-
bon budget on a campus-level scale, a system dynamics model was developed using Vensim, The parametric
data of the model was based on the observed data from Li-COR 6400 and Li-COR 8100. Results showed that
the carbon emission for 2012 was 4 147.48 t-a™ and per square meter discharge of 3.24 t-m™-a™ on average,
meaning the campus was a carbon source to the atmosphere. Carbon emissions from human activities was
5 555.45 t-month™, and per person discharge of 0.024 t-month™ on average. Emissions from electricity con-
sumption were the largest among all kinds of human activities. The carbon sink for plants reached 1 407.96 t-
a” which meant per square meter of green space fixed an average of 187 g+month™ of C. The seasonal change
of C sequestration showed bimodal characteristics, appearing higher in spring and autumn, but lowest in winter.
Compared to original conditions, by simultaneously controlling the carbon sink for green space (increased to
224 ¢-m™), the per capita energy consumption (decreased to 428.55 g-d™), and the transport energy con-
sumption (decreased to 163 kg-d™); the low-carbon scenario achieved a 29% reduction in carbon emissions.
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Table 1 Land cover classification results

b 7 2 2 1 f/m? H 4 /%
Pt 154 755.0 12.70 0 200 400 600 800m
i 471 856.0 38.72 A1 #HrRAEKFREAMME R
7K 5k 52 107.8 4.28 VR NS g
HEIUH 539 769.0 44.30 Figure 1  Aerial remote sensing image and

it 1218 487.8 classification results




%31 &5 6 ) WIIWTAE s T R GE SN I3 2 A e i S AR Y R N T 853

(PR 5 5 73 F) R S ) — Pk 20006 5 VR T 3 L A S sk A g P (A 70 o A SR A el DX SAe e 45 ik
A5 L IEFIH AR FIHT SPSS Geit il BRI . MREE L A AU S (O IR R RO e T )
SFEIREE R BE T A EE RRLS o LA AR (R )l Gt e A e AR i A A U AL,
JEE R A PR R ER A O B A R ABEEY OB S e SR s RO B IE AT I i e P RS OR
FARAE S R GRS O B At 2 2R, AT AR AR B R GO 5

KRS Ry
N EIWEIRFTF S CpO—>{J] W F IS Cpmon

EELH Q Felc A R AL Tele PR Cp
RN % Y
cEIE A B Cfood-mN

A Ao 31 Th L N ‘
ST Eoil A fri etk Clood—
iR ol /1\?1|[ﬂrr¢;e,%zzyloil |

________
PR EPs|  [lEREd P . )

: MK t

AN NI W (T i UK Cra i

S Hpl | Azl R Ctra-m

| A A
EERM P | CETAE P | LRI TR CO [P BEHEK Clife
‘ ’ f [

\ A9k ENtra | [P B Dtra |

|

PR Bstu | AN fele |

v
I T vt Esta |- [HZERGHER Clife-m

—> bRl TP E SRw bR T3 T PG B SRw-m | HARAEB RS

y;wmw Sv]
b FL S ~ G+ RO R SRg |- R WP R SRgm
‘ AT BUE S LAT

PR 3T I3 R SRwre | fwmmq@ﬁyn& i VRw |- > PHEHTH TR VRW-m
e 1
= r

b - BT SR +rﬂmM%F%¢Wﬂ>ﬁmmmﬁww%vwmw\k

P EZ VRwr )| / LI B R LAT g

7|\ KRG A
% VRgr | l \ fife Csink

ORI 5 A P |\“¢\fﬁmm%ma; P | >ARIEH TR Py |

UL O & TR Per | S RIOE S B Pg | ki) ST i Bt Pe-m |
e

O— ) M SRR AR AR SRw-m

I % Cp-m

)
M I SRg-m
/

_—

.
S - e
Sl Cam ) >Oe— (O —— HEEARRRHR VRw-m
_— BHRCE g 11 4Rt e )
O— g Rt (RS O

% B Clood-m LA AT W A VR g-m
V\»“ —
O .

0
A G Pw-m
A Clife- — 0
i1 kﬂr 35( 11e-m Tlcrim{;lllmj‘t ﬁ’ﬁl}'{"&q& Pg-m

A2 REBKXAAHD A FHREFmAAE

Figure 2 The stock-flow diagram of campus carbon budget
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Table 2 Parameterized equations in natural ecosystem
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Figure 3 Carbon emission and composition of human activity system  Figure 4 Per capital carbon emission in human activity system
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Table 3 Contribution of each kind of carbon emission’s composition

P 1] 7 C, 1% Cipa 1% C |% Ci. 1%
TAEH 32.67 6.48 1.13 59.72
FEZ 26.00 11.92 5.81 56.27




E3LEE M WIIWTAE s T R GE SN I3 2 A e i S AR Y R N T 855

22 BRETREFER

RS RGN AR . Bt 2 FAE RSB BRRE , ARt 5 55 i e WAL S Hh 45 A 2 22 AR R ik
ULEE S AR 6. DRI A AR A A F G0 ARt B AR B R Gk B0 -258.14 teat, RO BRI BT R
=1 149.82 t-a™ M5 5 AR WNCRE7E 1 A2 {0 B X S B SO IR, . BT ACE, MRitdR
REN-31.82 t- 7, HEHi R IR F-168.21 t- J]7. A 5 5 AR W IR A 1O B AR, 400 0.87
t- 3754932 t- 7, ORI B IR A Del Y AR S R ) DG VR AR T R A B e MR AR R
ERRIE—E, RBXE, HIER . NERAEBGRIDESER . ZE b TRIERS, SeaER™E
CRRT BLG, MG EHOCEEI AR, 220 MOLIRMIRTR R, Mt ROt S
TERIIAE 1 A IR a4 de A o RS TEl A A WP I 5 b SR I A I 2= 1 e f b A BRI R, RE 7 A
BT, 24 FMMR . RS SHm, K NI TR R 1 A kB SRR ME . @

160 300
Zoo0 L -
= 200
= 80 g
= =
5 £100
gt 40 :%3
< i3
0 1 1 1 1 1 1 1 1 1 1 J 0 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 91011 12 1 2 3 4 5 6 7 8 910 11 12
)= H
300 ¢ 600 gz + s P W B HE B0 K 00 O WK T it
400 | O S - RS
x = 200 :
o x B
<o = - &
R = 07 £
= T |
ot —200 | ™ I
0 1 1 1 1 Il 1 1 1 1 1 ) _400 Il Il 1 - == T T = = = 1 1
1 2 3 4 5 6 7 8 910 1112 1 2 3 4 56 7 8 9101112
H H

AS BREFRBKILEFYER

Figure 5 Seasonal changes of carbon budget of grassland in campus
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Figure 6  Seasonal changes of carbon budget of woodland in campus
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Table 4 Comparation between low-carbon scenario and original state
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