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Fig.1 Marine PS-DR-DP theoretical model
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Tab. 1 Classification of the coupling degree and coupling coordination degree
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Tab.2 Evaluation index system of the marine resources and environmental carrying capacity
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Notes:1) the first column “Indicators” represents the standardized values of the original data in the evaluation index system for marine resource and
environmental carrying capacity. K',-K',; represent the standardized values of the original data for 17 indicators of "resource utilization status"; K*;-K’
represent the standardized values of the original data for the 8 indicators of "environmental capacity and disaster resistance"; K*-K*|; represent the
standardized values of the original data for 11 indicators of "resource and environmental degradation and development". 2) “-”
3) the diversity index of phytoplankton mainly studies various biological indicators such as the species and quantity distribution of phytoplankton. The

indicates dimensionless.

diversity index of large planktonic animals mainly studies various biological indicators such as the species and quantity distribution of large planktonic
organisms. The diversity index of benthic organisms mainly studies various biological indicators such as the species and quantity distribution of benthic
organisms. The main method for calculating these three indices is the diversity index method in biostatistics. The "Handbook of Phytoplankton"™" by
UNESCO recommends the use of Shannon index (based on e or 2), Margalef index, and Pielou evenness index to represent the structure of
phytoplankton communities.
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Tab.3 Evaluation index standardization values of resources and environmental carrying capacity of
Shandong Province from 2012 to 2020

iiiti 2012 2013 2014 2015 2016 2017 2018 2019 2020
K', 1.000 0.917 0.823 0.696 0.477 0.348 0.193 0.129 0.000
K, 0.611 0.611 0.358 0.516 0.000 0.074 0.495 0.684 1.000
K's 1.000 0.897 0.778 0.654 0.440 0.441 0.226 0.227 0.000
K'y 1.000 0.932 0.907 0.886 0.900 0.133 0.067 0.031 0.000
K's 0.000 0.123 0.552 0.814 1.000 0.469 0.459 0.185 0.294
K's 0.000 0.088 0.136 0.184 0.202 0.249 0.287 0.404 1.000
K'; 0.834 1.000 0.995 0.475 0.000 0.241 0.366 0.468 0.572
K's 0.000 0.614 1.000 0.633 0.391 0.076 0.076 0.076 0.076
K' 0.000 0.267 0.286 0.456 0.936 1.000 0.544 0.436 0.654
K'y 1.000 0.893 0.770 0.643 0.429 0.429 0.218 0.218 0.000
K'y) 1.000 0.893 0.770 0.643 0.429 0.429 0.218 0.218 0.000
K'p 0.549 0.399 0.759 0.786 1.000 0.034 0.000 0.039 0.045
K'j3 0.000 0.184 0.263 0.553 0.605 0.816 0.947 1.000 0.816
K'yy 0.000 0.039 0.156 0.452 0.632 0.880 1.000 0.660 0.571
K's 0.074 0.000 0.482 0.741 0.667 1.000 0.963 0.444 0.000
K'i 1.000 0.507 0.660 0.981 0.714 0.789 0.585 0.000 0.299
K'y; 0.000 0.069 0.257 0.347 0.472 0.563 0.597 0.972 1.000
K 0.437 0.820 1.000 0.000 0.000 0.000 0.000 0.000 0.000
K% 1.000 0.000 1.154 1.154 1.154 1.154 1.154 1.154 1.154
K’ 1.000 0.045 0.044 0.012 0.055 0.001 0.019 0.685 0.000
K% 1.000 1.000 0.000 1.000 1.000 1.000 1.000 1.000 0.250
K’s 0.242 0.242 1.000 0.000 0.000 0.000 0.000 0.000 0.000
K% 1.000 0.429 0.000 0.324 0.324 0.324 0.324 0.324 0.324
K 0.000 0.825 0.825 0.807 0.807 0.807 0.807 0.877 1.000
K% 0.167 0.000 0.000 0.333 0.333 0.833 0.833 0.833 1.000
Ky 0.659 0.457 0.864 0.868 0.822 0.000 0.209 1.000 0.775
K 1.000 1.000 0.000 1.000 0.292 1.000 1.000 1.000 0.916
K’ 0.846 0.352 0.842 0.782 0.782 0.479 0.442 0.000 1.000
Ky 0.283 0.460 0.211 0.148 0.253 0.000 0.321 1.000 0.937
K’s 0.304 0.058 0.417 0.000 0.417 0.083 0.608 1.000 0.975
K 0.000 0.000 0.310 0.310 1.000 1.000 0.333 0.524 0.524
K 0.724 0.726 0.792 0.792 1.000 1.000 0.000 0.434 0.434
K 0.021 0.114 0.080 0.083 0.000 0.286 0.828 0.828 1.000
K’y 0.000 0.232 0.405 0.580 0.232 0.237 0.843 1.000 0.843
K’y 0.167 0.167 0.167 0.250 0.083 0.000 0.667 0.667 1.000
Ky 0.075 0.066 0.126 0.104 0.000 0.004 0.697 0.696 1.000

CiARMEFERE RBATr ) RSO  WiHkm, PR R R i R . XN R
B UREAE . BT PIREURTE R, RN R IR A R SRR B R 0 ) ST
LTI WG, PR SUA KA R I HDRERRE ISR Tt o X 2EE > HUAIRTH T
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3 1 KoE R 50 %

x4 BIWAREESER
Tab.4 Reliability index analysis results

TiH EAC ke R AL FEAKCE /I HEBR I
items Cronbach's & sample quantity exclusion items
&SI HaARER R evaluation index system for pressure and support force 0.945 17 0
WK 1 5% 5 SN #84R1K &R evaluation index system for destructive force and resilience 0.917 8 0
B ST FIAENEARA R evaluation index system for degradation and enhancement capabilities 0.908 11 0

®5 WREEFRRMEAB IR

Tab.S5 The carrying status of the marine resources and environment in Shandong Province

ROV S IR ) W= 7 18167 A7) AP PRESE AR 13ME
year pressure supporting force destructive power resilience degenerative force  lift  bearing capacity state value mean values of various forces
2012 1.103 1.041 1.719 0.890 1.299 0.671 0.631 1.120
2013 1.281 0.934 1.041 0.929 1.062 0.735 0.768 0.997
2014 1.352 1.143 1.153 1.025 1.061 0.856 0.848 1.098
2015 1.262 1.348 1.140 0.919 1.196 0.909 0.883 1.129
2016 1.091 1.307 1.158 0.919 1.137 0.941 0.935 1.092
2017 0.889 1.302 1.135 1.092 0.843 0.992 1.181 1.042
2018 0.845 1.217 1.143 1.092 1.140 1.210 1.125 1.108
2019 0.834 1.033 1.429 1.116 1.600 1.427 0.926 1.240
2020 0.970 0.889 0.875 1.218 1.843 1.615 1.009 1.235

L RBIPRSME . BAERJIME. o 2.0 ¢ WA LT3
1.4 capacity state value  mean contribution value o 1.8 } 7 destructive force  resilience force
o 1.2 " " @ g ) 1.6
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F Fy
year year
2 WHREEFERMEAZ N ZER AHEM B4 WEREGERBERRAHDPEIFNMRE LWL
AEIIREEK Fig. 4 Changes of destructive force and
Fig.2 Mean value of each force and the state of resilience force in marine resources and
carrying capacity of marine resources and environmental carrying capacity in Shandong Province
environmental in Shandong Province N ‘ ’
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Fig. 5 Changes of destructive force and
resilience force in marine resources and

environmental carrying capacity of Shandong Province
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HRAE 2012—2020 45 111 4R 48 15 1 9% U5 A 45 7K
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Tab. 6 Classification of the coupling degree and coordination degree of the marine resources and

environmental carrying capacity systems in Shandong Province from 2012 to 2020

Ffy G R AU G R o i %52
year the coupling the development of type coupling coordination state the type
2012 0.703 728 BEEPB 0.887 936 835 R AT
2013 0.750 514 AW 0.865 108 614 RIFH i
2014 0.802 459 AR S 0.938 869 654 i#i B T
2015 0.810 145 [ S ey 0.956 318 432 & T
2016 0.805 735 AR S 0.938 165 976 i#i B T
2017 0.775 161 AW 0.898 724 222 RIFH A
2018 0.814 516 AR S 0.949 811 046 i#i B T
2019 0.801 221 [ S ey 0.996 612 366 o
2020 0.707 971 BB 0.935 092 502 A

RS A R R B, A RE N
0.7~0.8, X FEAT UL T LR 44 78 5 7 0% 5 IR B A4

PE IR TT MBS T E AR
2R A TR B IR R 5 AR 2T B R 5 P JEE S
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Evaluation of the carrying capacity of marine resources and environment in
Shandong Province based on PS-DR-DP theoretical model

LIU Ming °
(China Institute for Marine Affairs, Ministry of Natural Resources, Beijing 100860, China)

Abstract: The large-scale and high-intensity development of marine resources has brought irreversible impacts on the marine
resource environment and ecosystem. Assessing the carrying capacity of marine resources and environment is an important tool
for evaluating the status of marine development. This study constructs a PS-DR-DP model to systematically quantify the
dynamic changes in the carrying capacity of marine resources and environment in Shandong Province, providing a decision-
making basis for sustainable opening and management of marine resources. Based on the definition of marine resource and
environmental carrying capacity and the theory of the three elements of carrying capacity, this study constructed an evaluation
framework system for marine resource and environmental carrying capacity. By establishing the "PS-DR-DP" theoretical
model, the marine resource and environmental carrying capacity was decomposed into three pairs of interaction forces: "pres-
sure support force", "destructive force recovery force", and "degradation force enhancement force", corresponding to the mar-
ine resource support capacity, marine environmental capacity, and resistance to marine disasters, respectively. The changes in
the state of marine resource and environmental carrying capacity were measured according to the changes in the magnitude of
different forces. Based on the above theoretical model, the changes in the carrying capacity of marine resources and environ-
ment in Shandong Province from 2012 to 2020 were studied. The results show that from 2012 to 2020, the carrying capacity of
marine resources and environment in Shandong Province was at full capacity, and the overall value of the carrying capacity of
marine resources and environment showed an upward trend. All forces are in a fully loaded state. The contribution of positive
force is generally on the rise. The negative forces are basically stable or slightly increased. The coupling degree between the six
types of forces is generally on the rise, and the coupling coordination degree is also on the rise. This study indicates that
through marine environmental governance, the resilience and support of marine areas can be increased, thereby promoting an
increase in the carrying capacity of marine resources and environment. The improvement of marine technology can enhance the
utilization rate of marine resources, strengthen the control and restoration of marine pollution, thereby promoting support and
resilience, and thus have a positive impact on the carrying capacity of marine resources and environment. This study has cer-
tain theoretical significance for enriching the theory and methods of carrying capacity, and can provide practical support for

Shandong Province to formulate development strategies and policies for a strong marine province.

Key words: carrying capacity of marine resources and environment; PS-DR-DP theoretical model; coupling coordination
degree model; Shandong Province
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