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Construction and application of sustainable management
evaluation index system for Pinus tabulaeformis timber forest
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Abstract: [ Objective] A sustainable management evaluation index system of Pinus tabulaeformis
plantation was established and used for evaluation of P. tabulae formis plantation in Huangtuliangzi Na-
tional Forest Farm, Pingquan, Hebei. [Method) By reviewing literature and combining previous researches,
a total of 83 indicators were selected from four aspects,including environment, management, society and
economy. Questionnaires were designed to obtain opinions of experts in relevant fields,and the indicators
with high importance were selected by grey statistical method. The sustainable operation evaluation index

system was constructed from above four aspects,and weight value of each index was determined by 1—9
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scale method and analytic hierarchy process. Taking Huangtuliangzi National Forest Farm in Pingquan, He-
bei as example, this paper obtained the current value of each index by means of consultation, field investiga-
tion and questionnaire distribution, and determined the standard value of each index referring to interna-
tional and domestic standards,relevant research results and the index itself. Then,the management status
of artificial timber forest of P. tabule formis in the forest farm was evaluated. [Result] A total of 28 indica-
tors with high importance were selected from 83 indicators. A complete evaluation index system framework
for sustainable management of artificial timber forest of P. tabulae formis,including 4 constraint layer in-
dexes, 12 first-level index layer indexes,and 28 index-layer indexes, was then constructed. Social indexes
were the most important,with a weight of 0. 351 165, while environmental indexes had the lowest weight of
0. 164 793. The weights of economic indexes and business indexes were 0. 295 084 and 0. 188 957, respec-
tively. The final score of artificial timber stand of P. tabulaeformis in Huangtuliangzi National Forest
Farm evaluated by the established system was 79. 68, which was in medium and high levels. The P. tabu-
lae formis had good growth status, management mode, and sustainability. [ Conclusion] The established
evaluation index system for sustainable management of artificial timber forest of P. tabulaeformis was
scientific and applicable,and it could reflect current situation of sustainable management of stands.
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Table 1 General situation of Pinus tabulae formis sample plots in Huangtuliangzi National Forest
Farm of Pingquan City, Hebei Province
B RS /2 e 1m] YR/ () F)ZEE/em BE/ (B« hm™?)  SEHHE/m -2 g 42/ em
Age Slope aspect Slope Soil thickness Density Average height Average DBH
5 BA#% Shady slope 10 47 — — —
10 BAYE Shady slope 20 49 — — —
15 BH Y% Shady slope 15 50 40 3.8 6.1
20 BA 4% Shady slope 20 51 100 6.6 9.8
30 BA#% Shady slope 30 50 2 500 8.4 10.5
40 BHY% Shady slope 25 48 1 500 10. 3 13.0
50 B3 Shady slope 20 49 900 11.9 17.6
60 BA 4% Shady slope 20 52 750 12.4 19.0
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Table 2 Evaluation index of sustainable management of Pinus tabulae formis timber forest

ey 2 B 45 bR
Type Index
TR R, LR R, L ORI SE, FIRZGERE  LIR M A EY E, LI G RRE, T, LR R,
FOURE it REEREKE, B8 pH (H, RIS &M, R RFI MR RIGR R, M T KA 2G5 8 b T K AL, K pH, B
[E] g K fE K PR B A 24 5% B L 0 N K A R Wk BE L b R OK B RR SRV BE PR AR ) S B RE L WE RS G L K A L
R TR A ) S 5 8% 8 B0, T AR R R AR 1) A a0 i 5 A A R ok A R ORI St TR A B T AR
R bR Soil loss, Soil erosion intensity,Soil grade, Soil pesticide residue, Soil microbial biomass, Soil salinization degree, Soil
Environmental texture, Thickness of the soil, Organic matter content, Soil water holding capacity,Soil pH, Soil permeability, Insec-
indicators ticide and herbicide residues,Groundwater pesticide residue, Groundwater level, Wastewater pH, Field water holding

capacity, Water environment pesticide residue, Nitrate concentration in groundwater, Groundwater phosphate con-

centration, Understory plant richness, Total coverage of shrubs and grasses, Wilting water content, Simpson index of

shrubs and herbs, Shannon Wiener index of shrubs and herbs, Number of endangered or special species and habitat

area, Habitat area
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Regeneration status in the forest, Thickness of the litter,Degree of forest differentiation, Forest stand arbor density,

Tree species structure, Forest structure, Proportion of native tree species, Proportion of alien invasive species, Utili-

zation of forest land, Blight rate, Number of forest fires, Average annual incidence of forest pests and rodents, Age

structure index of timber forest, Volume of timber forest per unit area, Growth rate of the woodland per unit area,
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The ratio of temporary to permanent workers,Proportion of professional personnel,Index of the average education

Management
indicators
Annual growth and decline rate of artificial building materials
PGB AT G R R SRR TN TAEGUE W R, & 8K MR RS 5 5%
(SN

Social indicators

level of workers, Percentage of employees trained, Number of full-time workers, Minimum age of worker, To protect
the rights of workers to health,liberty, safety and education, Work hours, Healthy and safe working environment for

workers, Injury rate, Minimum wage, Number of months in which wages are paid each year, Whether the manage-

ment of stand is private or main sector, The implementation degree of forestry tax preferential policies of local go-

vernments, Ease of access to resources, Management technology level, Support rate of local people, Work environ-

ment satisfaction, Operator’s sense of gain and participation
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& 2(&) Continued table 2
EEL IS BAK$E b
Type Index
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FEEWAAS Bl B TR AN B AR AR K3 BR T3 ] SR 3R 5 5, 38 % IR 2 v AL L 3 W JBE L ) 25 A G
HS 5 R PEAL 4T 55 T ) 0 k2
ZE IR Wood production per unit area, Utilization rate of wood unit area, Return on investment, Asset-liability ratio, Pro-

Economic indicators

duct and by-product value,Output and value of non-wood products,Changes in timber prices, Timber import and ex-

port price, Public awareness of forest and non-wood products, Degree of forest product recycling, Supply and con-

sumption of non-wood products, Change in household income, Growth rate of per capita annual income of working

families, Per capita disposable income of employees, Volume of trade,Return on investment, The net present value,

Transparency, Stakeholder participation rate, The risk assessment, Compensation for labor and land use
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Table 3 Meaning of U; value of scale method from 1 to 9

U i BB ERA
U; value Meaning

1 U; 5U,; [R% &% U, is just as important as U,

3 U; tb U; f43E % U, is slightly more important than U,

5 U; b U; g E % U, is obviously more important than U;

7 U; bk U; M4 EZ U, is more important than U;

9 U; b U; i HFE % U, is extremely important than U;
2.4.6.8 R AHSBAIWT 1~3.3~5.5~7.7~9 P {E

The median values of 1—3,3—5,5—7,and 7—9 are determined by the above neighboring values
1/U; TR i AR E R Is the degree to which 7 is less important than j

TE Uy 2 [ 28845 o T LU A8 04 IR 2 o5 23 300 oA () 248 b oo 0 T LU S TE 38 U WU 20 300 8 [R) 264 s o 4% 3 4 i1 e S AR BE

Note:U;; is the assigned number after pair-to-pair comparison among similar indexes;7 and j are pairwise comparison elements in similar in-

dexes respectively;U; and U; are the importance degree of each indicator in the same indicator.
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Table 4 Statistical results of questionnaire survey on related indicators of residents and forest farm employees

EEEaY B4y Score

Indicator 100 80 60 40 20
CN B 4 42 1 TAE IR 355 a4 3 0 0 0
Healthy and safe working environment for workers
AR TR R AR O A B 1o 95 5 0 0
Number of months in which wages are paid each year
ZEH AR KT
Management technology level ) 25 8 0 0
YR Y A 4B il T A
AR 7 " “ ” . ;
Ease of access to resources
pile L =8
SR RS R 131 13 1 5 0
Support rate of local people
I\ . o= S i
U8 MR it B AR b DA 27 26 50 38 9

Public awareness of forest and non-wood products
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Table 5

M AR REEETNIERER

Evaluation index system for sustainable management of Pinus tabulaeformis timber forest

H ¥ )2
Target layer

AR

Constraint layer

— RGN Z

Primary index layer

R

Index layer

Bl SR8 4R

Environmental indicators

C1 + B4

The soil characteristics

D1 + 3 #h Soil texture
D2 AL & 4 Organic matter content
D3 +JZJEE Thickness of the soil

B2 &8 e kR C2 =Y Z 1k D4 #F B H k% Regeneration status in the forest
Business objective Biodiversity
C3 b b ek Fig D5 FRAR KK K 2R B Number of forest fires

Forest health

C4 & EIKF
Management level

D6 #Fh 45 #) Tree species structure

D7 Fh4E#) Forest structure

D8 PR 43 L JE Degree of forest differentiation

D9 #4Fr A% ¥ Forest stand arbor density

D10 #Hb F| H] # Utilization of forest land

D11 A PRAE 5 45 #4975 % Age structure index of timber
forest

D12 F# Kk 2457 1 AL 25 L Volume of timber forest per
unit area

D13 A B 547 i B K B Growth rate of the wood-

land per unit area

A Tn ) LI D14 %783 R /K Management technology level
AT T O

Evaluation on
sustainable manage-
ment of P. tabulae-
Sformis artificial tim-
ber stand

B3 th 245 b
Social indicators

C5 TAHRH
Workers” rights

C6 T AN%4
Worker safety

C7 53 Support
C8 ¥ Jil Resources

D15 & T.% Minimum wage

D16 L AR A BT 5 H i Proportion of professional
personnel

D17 &4 T % & %0 & % i A %0 Number of months in

which wages are paid each year

D18 T A fi ffe 4 42 1) TAE R 35
Healthy and safe working environment for workers
D19 T4 % Injury rate

D20 X4 #b J5 [ 37 5% Support rate of local people
D21 % P45 89 )7 ¥ Ease of access to resources

B4 P AR

Economic indicators

C9 4 7= J1 Productivity

C10 AR B AEARH 7
Wood and non-wood
products

C11 T A A
Workers” incomes

Cl2 {25

Corporate earning

D22 P 1E A AL 7= i Wood production per unit area
D23 B {1 ALK #1 ) i % Utilization rate of wood unit
area

D24 #% % I 25 % Return on investment

D25 2 AR B G B JE AR 7 5 A I EE Public aware-
ness of forest and non-wood products

D26 7= 5 KB P2 5 A8 Product and by-product value

D27 AT A 7] % fig Yt A Per capita disposable income
of employees

D28 #% % [ 4 F Return on investment

MR AR AT FEZLETNIERNE

Table 6 Weight of evaluation index for sustainable management of Pinus tabulae folius timber forest
Z) i ]2 Constraint layer — % ¥ Fr)JZ Primary index layer FEFR)Z Index layer
R AL A% L (2] Sy AL SRE
Code Weight Code Weight Code The separation of weight Total weight
C1 1. 000 000 D1 0. 329 334 0.054 272
Bl 0.164 793 D2 0.342 654 0.056 467
D3 0.328 012 0.054 054
C2 0.407 640 D4 1. 000 000 0.077 026
C3 0.271 741 D5 0.425 668 0.021 857
D6 0.216 094 0.011 096
D7 0.358 238 0.018 395
D8 0.236 228 0.014 311
B2 0.188 957 D9 0.129 638 0.007 854
D10 0.180 667 0.010 945
D11 0.136 777 0.008 286
D12 0.102 009 0.006 180
C4 0.320 619 D13 0.112 253 0.006 801

D14 0.102 429 0. 006 205




74 PO AL A BB K 2= 24 4R (A AR B D o549 %
& 6(&) Continued table 6
213 JZ Constraint layer — % ¥ FR)JZ Primary index layer 8452 Index layer
1075 A ] AN E (] I3 AUE A E
Code Weight Code Weight Code The separation of weight Total weight
C5 0.227 750 D15 0.357 051 0.028 556
D16 0.364 913 0.029 185
D17 0.278 036 0.022 237
B3 0.351 165 C6 0.160 325 D18 0.489 583 0.027 564
D19 0.510 417 0.028 737
C7 0. 320 312 D20 1. 000 000 0.112 483
C8 0.291 614 D21 1. 000 000 0.102 405
(O] 0.177 312 D22 0. 306 522 0.016 038
D23 0. 406 036 0.021 245
D24 0.287 442 0.015 040
B4 0.295 084 C10 0.301 032 D25 0.486 111 0.043 181
D26 0.513 889 0. 045 649
Cl11 0.269 865 D27 1. 000 000 0.079 633
C12 0.251 791 D28 1. 000 000 0.074 299

SRR R FE bR 3R 5. R T [,

Note: Indicators corresponding to each layer of code are same as in Table 5. The same for Table 7.
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ORI A B AR A0 (E IR

AT DA R i SR M D26 1543 . H AT, L EL
TMAARARE — Mt HAE — A #m bR g, H — R —#
T SR G A R R R I A R AR .
F 32 MM U L SCAR K P B R L BT S8 AR
PR it A5 1A DA R R R S A 3 e K 3 SO T
NS AT SZECC A D27 28 A PR i B AR AR 7 Y
INEIEE D25 1543 8% .

xR7T BIRTEAEMNGHNAMKATRELETMNER

Table 7 Evaluation results of sustainable management of Pinus tabulaefolius timber forest in
Huangtuliangzi National Forest Farm
LD PR AE A8 [C¥ix
Indicator Present value Standard value Score
D1 0.75 1 75.00
D2 25.13 g/kg 24.96 g/kg 100. 00
D3 2 3 66. 67
D4 5212. 5 #/hm? =6 000 #k/hm? 86. 88
D5 0.072 - 92. 80
D6 79.1:20.9 100 79. 10
D7 1 1 100. 00
D8 89.5 - 11. 50
D9 3 330 ¥k /hm? 3 300 #f/hm? 100. 00
D10 61.88 100 61.88
D11 14 : 30 ¢ 56 2:1:+1:2:1 84. 29
D12 130. 27 m®/hm? 142. 25 m?®/hm? 91.58
D13 11.2 m®/(hm? « a) 7.5 m®/(hm? « a) 100. 00
D14 83. 24 100 83. 24
D15 2738.8J6/H 148076/ H 100. 00
D16 6:15:4 1:4:+5 66. 00
D17 84. 32 100 84. 32
D18 98. 38 100 98. 38
D19 0.18 - 82.00
D20 96. 00 100 96. 00
D21 82.27 100 82. 27
D22 4,17 m®/(hm? « a) 4.10 m*/(hm?® « a) 100. 00
D23 78.5 100 78.50
D24 2% 6% 33.33
D25 63. 20 100 63. 20
D26 57 372 JG/hm? 88 475. 6 Jt/hm? 64. 84
D27 37226/ H 5439 56/ H 68. 43
D28 33.48% 50% 66. 96
#4584y Total score 79.68
et - R g g |

. Present value
Note: The total score of evaluation=> (57—
Standard values

3wk
AR BIF 2 S0 A PE A T 0 2 7 D A 4 A
PR AT LLFREE Ak 2 (2R UF VR 4 AT D AR 5

ZEPURBEAT AN . AR IR AR)Z AT R e iy
B R bR R A B BR R PR B I T O )RR

X Total weight).

JE AR P I L R bR A o B 0 R R A L
TR AR R AR R AR ST B R AR R AT 4
HEk R LA E AR AR T A S AR AR RO Ak 3
TN B2 42 B TARBRET L 25 3 o ISR R AF AR AR
Fror 90 80 43 LA b R WA M I A2 LA Sk 75 10t 2
SRR E AR E SRR B AR GEEAE S R A
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