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Abstract; The accounting of Gross Ecosystem Product (GEP) has been conducted in many cities across the country, which

has been included in the performance assessment indicators. But the relevant ecosystem services in GEP accounting are
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mostly based on actual precipitation data and multi-year average precipitation data, which makes it difficult to reflect the
actual changes in ecosystem quality and quantity when analyzing inter-annual GEP changes, thus affecting the application of
GEP management. Taking Shenzhen as a case, this paper proposes the comparable precipitation conditions that are more
representative of the generalized characteristics of local precipitation, and a method of determination based on principal
component analysis. This paper calculates the GEP for two adjacent years under comparable and actual precipitation
conditions, for a total of three scenarios, and analyses the composition of GEP under different scenarios and the ability of
precipitation factors to influence inter-annual GEP variability. The study found that; (1) 2019 was a comparable
precipitation year in Shenzhen and was consistent with the precipitation situation described in the Shenzhen Climate Bulletin
between 2008 and 2020; (2) The four ecosystem service values associated with precipitation ( Sedimentation reduction,
Non-point resource pollution retention, Water conservation and Flood reduction) showed an inter-annual increase under
comparable precipitation conditions, while the values of Sedimentation reduction and Non-point resource pollution retention
increased and the values of Water conservation and Flood reduction decreased under actual precipitation conditions; (3)
Precipitation factors significantly affected the interannual variation of GEP, and the variation of GEP change in Shenzhen
from 2019 to 2020 under different precipitation conditions was as high as RMB 2.478 billion, while comparable precipitation
conditions could effectively reduce the influence of non-anthropogenic factors on GEP change; (4) In the process of
calculating multi-year average precipitation, the “kurtosis” of the data would be artificially reduced, resulting in the results
not representing the typical climate characteristics of the region; (5) Under comparable precipitation conditions, the inter-
annual GEP variation characteristics better reflected the actual variation of ecosystem quality and quantity. The results of the

study may provide new ideas and methods for future GEP accounting for management applications.

Key Words: meteorology; gross ecosystem product( GEP) ; comparable precipitation conditions; shenzhen
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Fig.1 Cumulative annual precipitation in Shenzhen over the past 30 years
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Table 1 Precipitation-related indicators and accounting methods in the Shenzhen GEP indicator system
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Indicator Calculation method of bio-physical value Calculation method of monetary value
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F2 FRYIERERLE 2008—2020 £ & F4F1E
Table 2 Precipitation Characteristics of Shenzhen National Basic Station from 2008 to 2020

Ay Bt [T R H ( H R =0.1mm) M RKE( H & =50mm) WRRERNREL (1 /N FR & =20mm)
Year Rainfall/mm Days of precipitation/day Days of rainstorm/day Days of strong rainfall/day
2008 2710.0 132 16 19

2009 1611.0 118 5 12

2010 1634.0 124 9 9

2011 1269.7 115 4 8

2012 1554.8 142 3 9

2013 2203.6 129 10 13

2014 1725.5 129 6 13

2015 1500.8 123 7 8

2016 2490.6 153 11 20

2017 1967.1 127 11 19

2018 1957.2 121 8 16

2019 1880.1 125 11 13

2020 1581.8 126 8 11
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1 BE A LR AE A B, B KMO BUREIE DI R0R T 0.5, EURF AR BROE BEAG 96 12 2 1/ T 0.001, B2 W]
Bl T AT AN T (K 4) o
3+ = RA TR TR AR AR R

Table 3 Correlation matrix of the four precipitation indicators for the last thirteen years

fibr Rt e i R T REL L TP
Indicator Rainfall Days of precipitation Days of rainstorm Days of strong rainfall
PN ES Ak 1.0000 0.5568 0.8510 *** 0.8624 ***
Correlation I TR KA — 1.0000 0.2541 0.4603

E LIPS — — 1.0000 0.7263""

S8R AR WY R — — — 1.0000

# P<0.05; ## P<0.01; *** P<0.001

AN % 1yl i 14 GIRGERE
SPSS JpHr B 77 ZE MR WL 5, PUIU S, BT AA 4 £4 KMO MEASFAHE

TERLM B NES] BLBCTIAAHAE (AT 1 A e KMO andt Bartts et
ERAY, S T AR AR TR AR 72.8676% MG B . 2% Parameter HlH Value
AR RBOE R IR 6, 15 RIS AE PR 5 EOMEIOE KMO B Ul i 0.6309
:% ﬁ\j . Kaiser-Meyer-Olkin measure of sampling adequacy
) ELAE A R RO BE G 5 ERIT 32.6404
Z =0.3346 x, + 0.2121 », + 0.2960 x; + 0.3140 x, Bartlett’s test of sphericity i -

K, Z MELAEG F A, v, BRI EIERR, v, I W 0.0000
WREHR R, v, WBEWREIGIE, x, BFETN LG

I FE 8 A > SO0 454 (R R R AR AE IR A TR , IF T I 435 SR A ST A A i 85 1, O 85 e /DN — A B
ARG S5 R UL 3, AT 2019 4EREAE 5 000 25 58 B /0N, i AT LR R4 %245 22 H R £ s B AT LL R
P3G

pi ‘ZL - Zm /Zm
L p, G AERYIR B 5 Z, S L ARRIRRAES EROT AR, Z, A R IS R SR AR (E
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Table 5 Explanation of total variance

[ WA (E Eigenvalue FLEU T F )7 Al Extraction sums of squared loadings
Component it TrEH I 2R % it TEE 28/ %
1 2.9147 72.8676 72.8676 2.9147 72.8676 72.8676

2 0.7785 19.4637 92.3313 — — —

3 0.2404 6.0112 98.3425 — — —

4 0.0663 1.6575 100.0000 — — —

K6 HORHSREMER

Table 6 Matrix of component score coefficients

% it Fag R KA PN A ek T SR
Component Rainfall Days of precipitation Days of rainstorm Days of strong rainfall
1 0.3346 0.2121 0.2960 0.3140

3.2 ERRGUE MG (GEP) A

TR S RGNS ENM BRI T, LALTT LEFERTAE 2019 4R R R A4, 73 BIARZSE BRI 2019 4R 1 (1 5
A) 2020 4 GEP (i 5% B) 5 LA 2020 4FRERN A% 55 2020 4R GEP (15 C) , #E T 5t B Al 5 C hxf+
AU KBTI R GEP #5845, HAZ 5 A 3 Pl SRR T A G A S R M5 I GEP R 45 R T
£7.
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Fig.3 Deviation of principal component results from the mean for each year
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Table 7 GEP accounting results under 3 scenarios for 2 years

s W5t A/ALIT fi 5t B/ALTE &5 c/feot
Indicator Scenario A/ billion RMB  Scenario B/ billion RMB  Scenario C/ billion RMB
GEP i {H Gross ecosystem product * 1321.26 1303.82 1279.04

P19 I455 Regulation services * 680.47 699.52 674.74

WP VPIRFR Sedimentation reduction 1.39 1.40 1.97
8/ T PR Y5 4% Non-point resource pollution retention 15.18 15.23 21.51
iyt W5 Flood reduction 67.07 69.23 65.24
AFEKIE Water conservation 116.43 117.19 89.55

# AEBRIE] GEP S FITR Y IR 55 41 LB dat A8 A 52 30 LA g W R 20 A0 B2, BRI ALk A7 4 B ] 9 2 e LU AR BT T

T ARYIT 2019 AEAS RS A ™ SH (GEP) Hh3t 1321.26 27T, H A 5 ilk55 680.47 147T, i Lt
51.50% , 9 EZR R4 P15 AR S5 Hh -5 R TR AH S (A 9/ T VD A AR s/ D T S e st B R 77 /K U4 35
R 45 A0 (B 43 A 1.39 429€ (1518 42JC .67.07 AZJCHI 116.43 125, 435 i GEP BB 0.11% .1.15% .5.08% Al
8.81% , Rit 5t 15.15%,

15 B o] URERN 20, TR 2020 454 S R Gk 7= BUE (GEP) 4611 1303.82 /27T, Horp il 4y ik 55
699.52 {ZTC, HIZAF GEP B 11 53.70% , A FEA R 43, 38 2019 4FHE K 2.80% 5 P15 iRk 55 Hh 5 W TR AH 5 1)
VDYV ek TR TS G | B R FE K IR 4 TR S5 M (B 4 B R 1.40 42T 15.23 {20T .69.23 {26
M 117.19 12758, 43515 GEP S 0.11% . 1.17% 5.31%F1 8.99% , 23t 4 1t 15.58%

T8 C PRI AR T TRYITT 2020 R4 8 R G047 BUE (GEP) 31 1279.04 4270, Hoh il s IR %5
{H & 674.74 44TT, /i 54 GEP BB R 52.8% , b FEZAG R4, 38 2019 %I ME B L T 3.54% , #
5 IR 55 T 5 1 R G a0 I VDA R s/ TR T G | 0 DR B R R K IR 4 TR S5 AN (B 4 R 1,97 42
JC.21.51 fZIC 65.24 /ZICHN 89.55 427G, 433l i GEP Ei 0.15% .1.68% .5.10% F1 7.00% , Bit 5 H 13.93%,
3.3 PHRPERE SR T A OGRS AR bR AR AR S 25 S b

BT 3 Pt GEP RS HRTH PIRRE RN A5 F T AH S AE B R GRS (DA Ve U0 WA AR sk 2 1T 575 G | T
FRAKUE HIIEEEET ) MAERR AL, W2 8

Al HURERIZR0E T AHER T 2019 45,2020 4R A5 R G4 ™ BUE (GEP) 5FEMA Y 4 T ik s o, kb
TP IAB IR S5 34 I 0.01 4278, 18/ T IR 5 YL 34 0.05 42T, 3= KR IR 55384 I 0.76 A2.7T , Il it 55 ik 5534 fin
216 4270 ; SEBRFEM 24, M4 T 2019 4, 2020 4R R G4 7= BH (GEP) SN A &) 4 TE T IR 55
B R VD IR FR IR 55 1S I 0.58 42T, Wl /b TR TS GL3 i 6.33 4270, kK IR IR 55 [ A% 26.88 42T , Hl it 7
R 55 BEARR 1.83 427G 5 AN [l B RN 2% 14 T, 4 390k 55 728 Ak B2 43 931 54 +0.57 42.7T , +6.28 17T, - 27.64 A ITFI
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-3.99 1270, HH it g K IR AR 55 FTE st 57 A 55 1) AF B AR A i B = B T Jy el PR el 2R, ti nl FL R 2544 T
YA B ) 8 A8 SRy SRR RN 2540 FOAE B iB] T B, DT S 250 RE S i A 2S5 2R 40 o 28 AL R AiE AR 909 IR 45 A
(YRR B TR BLG , FeZe th RR T 254 3 | e 10 4 s (] 981 75 IR 55 0 (L A GEP i AR fb 25 5%
A 24.78 12.7C.,

K8 TMPEMEMGT 2019—2020 FHAXESREERET

Table 8 Changes in associated ecosystem services for 2019—2020 under two precipitation conditions

A ORI A 1F T (A BRI AT M (e 2020 4E5LFR GEP Hi R
bR AR EREAL (1200) AR (1250) Sl (1278)
N N
i (i B 5t A) (i G5t A) (ff 5 C- st B)
Indicator ., . . . . T
Change in monetary value under Change in monetary value under The influence of precipitation factors
comparable precipitation conditions actual precipitation conditions in the interannual change of GEP
~ [ =A
GEP & o o _04.78
Gross ecosystem product
W _ — -24.78
Regulation services
; AN \‘/I\\H: /D\
WPRIR 0.01 0.58 0.57
Sedimentation reduction
T T RS e
PRI : : 0.05 6.33 6.28
Non-point resource pollution retention
WA KR
I . 0.76 -26.88 -27.64
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