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Simulation of the climatic productivity of forest vegetation in Three Gorges

Reservoir area

PAN Lei', XIAO Wenfa>", TANG Wanpeng', LEI Jingpin®, SHI Yuhu', HUANG Zhilin*, ZENG Lixiong’,
PANG Hongdong'

1 Hubei Academy of Forestry , Wuhan 430079 , China

2 The Chinese Academy of Forestry , Beijing 100091, China

Abstract; Forest biological production plays an important role in forest ecosystems and is significantly related to the
terrestrial carbon cycle and the ecological changes occurring worldwide, so it must be considered during the evaluation of
ecosystem functions. The Three Gorges Reservoir Area continues to be a hotspot for research because of its complex
topography, rich species diversity and wide variety community types. The construction of the reservoir threatens the eco-
stability of the surrounding and downstream areas. Estimating and simulating forest climatic productivity has become
necessary and will also provide evidence of vegetation restoration and land use in the Three Gorges Reservoir Area and even
in the entire Yangtze River Basin. We developed a method designed to link together data from forest inventories and
ecological research sites, including data from 104 permanent sample plots and 118 temporary sample plots, and combined
that plot data with meteorological, topographical, leaf area index, live-biomass and net primary productivity ( NPP) data
collected from across the Three Gorges Reservoir Area using a GIS system. Using this large database and statistical models,
the actual and potential productivities of different forest types were estimated and the annual mean temperature/
precipitation, latitude, longitude and altitude were documented. Then the distribution patterns of biological production of
major forest types in Three Gorges Reservoir Area were analyzed. To acquire actual measurement data of mature forest

productivity is critical to predicting and simulating forest climatic productivity. Data based on natural or near natural
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conditions were selected from a database of forest production and used to estimate the productivity of major forest types. The
criteria for selecting these data included: (1) Forest age: mature or near mature forests were selected for this part of the
analysis. Based on the age group division standards of the State Forestry Administration, forests more than 60 years old were
treated as mature or near mature for evergreen broad-leaved forest, deciduous broad-leaved forest, coniferous and broad-
leaved mixed forest and cypress forest. Masson pine forest, coniferous forest and temperate forest were selected if more than
50 years and Chinese fir forest was selected if more than 26 years. (2) Selected forests had a soil which was greater than
60cm thick. (3) Stand density is between 1000—2000 trees/hm*. (4) Midslope forests with slopes less than 35° were
chosen for analysis. The NPP data within 0.1° ( Latitude) x 0.1° ( Longtitude) X 100 m ( Height) were chosen for use in
the analysis of forest climatic productivity. If one grid had multiple sets of data, we took the average of the three largest
datasets. The amounts of annual evapotranspiration in an area significantly influenced NPP of different forest types in the
Three Gorges Reservoir Area. NPP of evergreen broad-leaved forests is related to average annual evapotranspiration in the
form of the exponential curve when graphed. For coniferous forests and deciduous broad-leaved forests, the relationship
between the NPP and evapotranspiration is in the form of a parabolic surface. NPP of coniferous-deciduous mixed forests is
related to annual actual evapotranspiration in the form of an exponential curve when graphed. The potential productivity of
the Three Gorges Reservoir Area is 11.26 t-hm™-a™', which is 1.48 times higher than actual productivity. Forest
productivity responded differently in five different modeled climate scenarios. The productivity of evergreen broad-leaved
forests, deciduous broad-leaved forests and coniferous-deciduous mixed forests are positively correlated with modeled
increases in temperature and precipitation; with a temperature increase of 2°C and a 20% increase in precipitation, their
NPP increased by 24.34%, 22.5% and 15.98%, respectively, but NPP of evergreen coniferous forests decreased by
5.55%. Total potential productivity changed slightly (=0.53% to +5.51%) with the changing of the climate as discussed

above, but theoretical NPP increased 29.51% with the modeled rise in temperature and precipitation described above.

Key Words: Three Gorges Reservoir Area; forest; climatic productivity
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Table 1 The model of climatic NPP for different forest types in the Three Gorges Reservoir Area

FEMRIEH Forest type 75 Model R F N P> Pr
H gk R

i AREAH A : NPP =3.4976 xexp(0.0021xE) 0.6569 70.85 40 < 0.0001
Evergreen Broadleaf Forest

ANE ISR PP=-120.3064+0.6732xE - 0.0011 x E*-

% Jrlrﬂ RN ‘ N 0.306 706 32xE - 0.0011 x 05654 71 “ < 0.0001
Deciduous Broadleaf Forest 6.3375x1077 xE?

A b= It - _ -4 2

SR IN ‘ NPP =0.4516xE-6.0487x 1074 X E% +2.6384 0.8495 6776 40 < 0.0001
Evergreen Needleleaf Forest 1077xE*-98.0373

£ TR A Mixed Forest NPP=0.0101xE"%23 0.5438 35.76 33 < 0.0001
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Fig.1 Relationship between climatic NPP and annual actual evaporation of different forest types
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Table 2 Distribution region of climatic NPP for different forest types in the Three Gorges Reservoir Area

s LG KK AL T IX ] ZE Bl X ] g T X ]

ARPRZEA! -
Forest 1 Temperature Precipitation Altitude Evaporation Climatic NPP

orest vpe /C /mm /m /mm /(t-hm™>a™!)
W ERFE AR Evergreen Broadleaf Forest 10.5—19.5 800—1800 200—1600 550—900 11.95—21.27
& FE AR Deciduous Broadleaf Forest 4.5—9.0 1550—1750 1750—2550 420—530 8.54—10.62
£ R3S Mixed Forest 8.5—9.2 1500—1700 1750—1900 520—550 8.61—9.22
G5 AK Evergreen Needleleaf Forest 8.5—10.5 1500—1700 1400—1800 520—590 10.64—12.55
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Table 3 Climate scenarios to be used

[ = A AN TR R BE S M Ay AR B 9 7 Al 2 R A
155 SRR 25 T IR I, % I A Ak (3SR,
A ITEBL( 3) .

4G T RRI SRS 5T B X AR
AP R GE A R . K A N REAS W] 4t
150 SR A I o I bR R R TR S MR A A
1 FE R AN AR R K B HE N 20% 18 LT, B 2% i i
N L O N ol R ol R S i T =1
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TOPO MR 5.55% ., ¥ RE RO S5 AR b B R BIUER 5 R A

T0P20 ULV BRI 20% i 5% H NPP A2 5 AR E DA B K, T B R VR A bk

o e RIS SRR UHIRE . I

1w A 2t 2 AR A R WOR — | A b 5
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Table 4 Predict NPP values under different climate scenarios
AR LR TR A LE SR
v ] Evergreen Broadleaf Forest Deciduous Broadleaf Forest Mixed Forest Evergreen Needleleaf Forest
Code P WL PR BSR40 BEC CPEE ARMER R BB FIE PR 400 MM PIE bR
NPP +% Mean Std NPP +% Mean Std NPP +% Mean Std NPP +% Mean Std

TOPO 13.88 10.26 8.17 11.90
TOP20 1449 443 0.89 0.60  10.63  3.65 1.00 1.33 8.46 3.51 0.28 0.14 170 -1.66  -0.18 0.25
TOoP-10  13.48 -2.86 -0.57 0.35 10.13  -1.22  -0.37 0.53 797 244 -0.19 0.09 12.01 0.97 0.10 0.19
T2P0 1626 17.19 2.43 0.43 11.13 857 2.28 2.26 9.08 11.15 0.77 0.05 11.64 -2.16 -0.34 0.72
T2P20 17.25 2434 3.85 1.23 12.56  22.50 5.53 5.46 9.48  15.98 1.15 0.16 11.24 =555 =051 0.85
T2P-10  15.62 12.55 1.56 036  10.54 274 0.91 1.02 8.82 7.87 0.51 0.13 11.65 -2.05 -0.14 0.60

# 2% A SREANER T NPP 54 JRARDUHE A 73 ; Mean 45 0.1° 225 0. 1° £ B 100 m IR RS 22 (V- HIMH, sid N2 (ERRIELR
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