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Estimating ecological footprint at the watershed scale with uncertainty analysis

based on local parameters
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Abstract; The yield and the equivalence factor are key parameters of the ecological footprint model. It is significant to
evaluate the values’ uncertainties to improve the ecological footprint model. Using the Niulanjiang Watershed as a case
study, this study assessed the ecological footprint and capacity of the whole watershed and its 11 counties separately through
the ecological footprint model. The local yield factor was calculated and compared with the most—often used values from
around the world to estimate the uncertainty of the model. The results showed that the ecological footprint of the Niulanjiang
Watershed is 3,521,404 gha, and the biological capacity is 2,338,535 gha, indicating unsustainability. Guandu County
occupies the largest ecological overshoot among the counties in the watershed. The equivalence and yield factors vary greatly
in different studies. The maximum equivalence factor of cropland was 4.16 times that of the minimum, and the maximum
yield factor of grassland was 4.16 times that of the minimum. The estimated ecological footprint, capacity, and overshoot
using the maximum equivalence and yield factor were 2.5 times, 3.9 times, and 1.4 times those using the minimum
respectively. Due to its special climate and topography, and the low level of development of animal husbandry and fisheries,
the ecological footprint of Niulanjiang Watershed needs to be classified in detail; global and national factors cannot be

applied directly.
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Fig.1 Location of Niulanjiang Watershed
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Table 1 Accounting indicators of Niulanjiang Watershed’s ecological footprint
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Account Ecological footprint index Biological and energy types included in accounts
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A FEIR )
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http ; //www.ecologica.cn



2 4 Bk A TR SRR AR S B AL S AN E o B 5

HRE TR 0.643 gha, ABJAES BB KT AEYRE S A LSS IS A AESIRFH 0.087 gha, XK
M TR A SR BEIR A R AR T AR SRS W AR RV R R B N R WA T e E Y R
F AR GERAT B IRAME SR AL AbF—FOR TRk i) & RS . WS R &, &8 B S R i
o7 OBl i, N 23% , HKOE BT B 14% , B IE X 12% AV BT 1% 3% 5 253 N\ 50 g R g A, |

F2 SRR 2014 FESEEMESEKRNTEERCEE
Table 2 Ecological footprint and capacity of Niulanjiang Watershed in 2014

AIHEZS L Ecological footprint per capita N4 973871 Ecological capacity per capita
AR e Hy A i AR N THIFR - Byl T AR
+ A Area per iﬁj@]? Balance 2R Area per FE% Balance
. Equivalence . Yield
Type capita factors area/ Type capita/ factors area/
(hm2/N) (gha/ ) (hm®/X) ' (gha/ )
#F Hb Crop land 0.042 2.11 0.089 #F Hb Crop land 0.080 0.97 0.164
Bl Forest 0.073 0.47 0.034 B 4 Forest 0.080 0.77 0.029
7K 38 Water 0.002 0.35 0.001 7K 38 Water 0.001 0.77 0.000
FR Hb Forest 0.013 1.35 0.018 R HL Forest 0.335 1.76 0.796
REUE HIH Fossil Fuels 0.728 1.35 0.983 BEUE HIHL Fossil Fuels 0.000 0.00 0.000
AL Build-up land 0.001 2.11 0.002 #% F L Build-up land 0.001 0.97 0.002
NI 25 238 Ecological footprint per capita 1.126 N7 T Ecological capacity per capita 0.991
V25 ) 2 R R T AR 12% Area of bioversatility 0.119
GNP R b =P
. . . . 0.872
Available ecological capacity per capita
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Fig.2 The ecological overload rate statistics table in all cities of

Niulanjiang Watershed
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Fig.3 The total and per capita ecological footprint in all cities of Niulanjiang Watershed
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Fig.4 The gross product and per capita GDP in all cities of Niulanjiang Watershed
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B TR R Y 16.12% , 7 ol A AR BEARMR , SO B A 3R T |, S B A 7 1K AR, 42 R0
DK B 7 SRR AY 0.16% , T AR /D B0l & REFR LA, B6T NPP A4 /K 80 6 R 13 050 00 2 P AR 0 | A
T3, MR B RE 7K AR S K PR TS G ) R M= 5 A 33 e O, I S AR F 9 22 AR K . I, m A A
PR 5 R AN TS B i UR RS AR 2SR B T TR/ N RUBE AR 25 R B N 7 A T TR A Y 702

AR SR TR 49485 2K 1 Jason Venetoulis™*' Y SCEE  Bf bRy 2. 11 Mistby 1.35; Tl 0.47 7K 380°40.35
ARHHCY 211 BEIR MR 1.35 A A F 2 sk 2 AR BME , SRR i —2, gt E M
SRR T 20 [ SR04 SR 35 i R R = i R o AN (VIR 2 A 25 4 PR 7= PR AR AR K2
S+ (3R 3) , Hr i) 4 DRl fe KA e /M Y 4.16 A%, b 19 77 f: PR s K AR /MBI 4.16 15, 5 X1
HARSEIE TV RI GRA 7 J7 1 r 2% A 285 R s A A PR I B e 1) 2 R A A A v s R A AR A A A
T2 SRR X2 TG T A AR AN [R] , A5 B S48 R 2 T ek AR 2442 7 ) X HE R T 2
BERIHRA =TT, 5 Wackernagel | 351 S IF 52 H A 32 45 PR F-A7AE — 8 22 5, B BH 35 18 DA 772 AR R F o8 RO
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Table 3 The comparison of different equivalence factors and yield factors and available ecological capacities in different studies

YA ¥ T AT A )7 3 1/ gha

- HE2 K Type Equivalence factors Yield factors Available ecological capacity

N e/ SN ABHFE SN SEIN AHESE /N R
Bt Crop land 2.11 0.76 3.16 0.97 1.66 2.24 385644 661393 1336608
FRHL Forest 1.35 0.88 2.23 1.76 0.91 1.20 1876566 967888 2108318
HiHb Pasture 0.47 0.62 0.54 0.77 0.79 3.29 68792 70313 336433
K3, Water 0.35 0.48 0.37 0.77 1.00 1.00 511 661 699
U HL Build-up land 2.11 0.76 3.16 0.97 0.97 0.97 2529 7022 10516
At Total 2338535 967144 3806395

TR R RN T 7 BT AT P 0B 7 BT 54 3 R T
AR AR SR AR S AR T AR NR 4 s, 78 3 RN F3H 5 ARV AE S AR R T 0, 4k
FORAT RS SRS . P 48 06 KT 0 6 T A5 2 25 S, A A6 R ), A 2 B
AMBTHELFF0 2.5 1 3.9 1.4 . ABFGTFFRH0 A 25 S A AR AU A0 F R JH R IO T
B A 2 ] 2R 25 6 7 N TR

TR SN0 SR 5 KSR (2010) 2 36 TR B 7 ) 25 A 25 A SR 0 25
F AR B T, HK & Wackernagel (1999) TBRE R A BROE YA, B S R I T R T 4
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Table 4 The overshoot of Niulanjiang Watershed under different equivalence and yield factors

PEMTEFR Evaluation index ZAHJF5E The research #¢/]MA Min e K{E Max

HZS I Ecological footprint 3521404 2304526 5686188

HWI7RE ST Ecological capacity 2338535 967144 3806395

H IR Ecological overshoot 1182870 1337382 1879793
3 #Hik

TR REFSHOTE, AR 2014 4 AERRIT R 1.126 gha/ A, o A ALY E )
9 0.872 gha/ N, NSJAZS AR F N 0.087 gha/ N, ZE TANFTREEE K FOARAS ) it bl A 285 8 B3R A7 7 R ) 23 1] ¢
Ftk, UE I X e,

A A5 T TR (1 2 iy PR R PR AR AN TR SRk B 2 SR WA B 2 ERW, R

FAE R PR 7R i R U S A 2R RV LR R 2 R AR SR 3R ) &?&ﬁ%?éﬁkgﬂw \{Efr%ﬁﬁmﬁ 1 2.5
% .3.9 1% 1.4 1%,

MR AR A + BB 13 0077 K 5 R R RS R R N 22 Sk, F 8RN 2 =i e LA
L 3= Mk IR B R, M DX 2 (R | o R S5 A R 38 2 5 B S, A ) 4 b R 2 B %) A W A 7 ) S A7 A
RKIZESE N2 E POl ik & R AR, 25 B , d el UL 35/ RO A 25 2 i 5 B R A T 4
B2 AN RE B T A BRE A E A 7
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