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Abstract Aims Net primary productivity NPP is a key component of the terrestrial carbon cycle. Model
simulation is commonly used to estimate regional and global NPP given difficulties to directly measure NPP at
such spatial scales. A number of NPP models have been developed in recent years as research issues related to
food security and biotic response to climatic warming have become more compelling. However large uncertain-
ties still exist because of the complexity of ecosystems and difficulties in determining some key model parame-
ters.

Methods We developed an estimation model of NPP based on geographic information system GIS and re-
mote sensing RS technology. The vegetation types and their classification accuracy are simultaneously intro-
duced to the computation of some key vegetation parameters such as the maximum value of normalized differ-
ence vegetation index NDVI {or different vegetation types. This can remove some noise from the remote sens-
ing data and the statistical errors of vegetation classification. It also provides a basis for the sensitivity analysis
of NPP on the classification accuracy. The maximum light use efficiency LUE for some typical vegetation
types in China is simulated using a modified least squares function based on NOAA/AVHRR remote sensing
data and field-observed NPP data. The simulated values of LUE are greater than the value used in the CASA
model and less than the values simulated with the BIOME-BGC model. The computation of the water restriction
factor is driven with ground meteorological data and remote sensing data and complex soil parameters are
avoided. Results are compared with other studies and models.

Important findings The simulated mean NPP in Chinese terrestrial vegetation from 1989 — 1993 is 3.12 Pg
C 1Pg=10" g . The simulated NPP is close to the observed NPP and the total mean relative error is
4.5% for 690 NPP observation stations distributed in the whole country. This illustrates the utility of the
model for the estimation of terrestrial primary production over regional scales.
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Table 1 NDVI,,.c NDVIi, SR..and SR, of typical vegetation types in China
NDVI DVI ,; ax
Code Vegetation type Pixels Vs NDVE i SR SR
1 Deciduous needle-leaf forest 4339 0.738 0.023 6.63 1.05
2 Evergreen needle-leaf forest 15 104 0.647 0.023 4.67 1.05
3 Evergreen broad-leaf forest 6 502 0.676 0.023 5.17 1.05
4 Deciduous broad-leaf forest 8 690 0.747 0.023 6.91 1.05
5 Bush 11 905 0.636 0.023 4.49 1.05
6 Sparse woods 958 0.636 0.023 4.49 1.05
7 Seaside wetlands 287 0.634 0.023 4.46 1.05
8 Alpine and sub-alpine meadow 11 675 0.634 0.023 4.46 1.05
9 Slope grassland 4364 0.634 0.023 4.46 1.05
10 Plain grassland 7 940 0.634 0.023 4.46 1.05
11 Desert grassland 10 184 0.634 0.023 4.46 1.05
12 Meadow 11 773 0.634 0.023 4.46 1.05
13 City 65 0.634 0.023 4.46 1.05
14 River 958 0.634 0.023 4.46 1.05
15 Lake 1240 0.634 0.023 4.46 1.05
16 Swamp 1015 0.634 0.023 4.46 1.05
17 Glacier 1887 0.634 0.023 4.46 1.05
18 Bare rocks 4528 0.634 0.023 4.46 1.05
19 Gravels 13 657 0.634 0.023 4.46 1.05
20 Desert 12 661 0.634 0.023 4.46 1.05
21 Farmland 30 046 0.634 0.023 4.46 1.05
22 Alpine and sub-alpine plain grassland 10 931 0.634 0.023 4.46 1.05

NDVI  Normalized difference vegetation index SR Simple ration
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Table 2 Maximum light use efficiency €, of typical vegetation types in China
NPP NPP NPP
Min Max Simulated
. value Observed SE Range of
Code Vegetation type Samples NPP of observed observed NPP
€ g G MI7! gGm*a NPP gGm?a
Deciduous needle-leaf forest 39 0.159 2.453 0.485 490 160.9 179 ~ 824
2 Fvergreen needle-leaf forest 110 0.204 2.553 0.389 396 121.2 179 ~ 806
3 Deciduous broad-leaf forest 356 0.256 2.521 0.692 672 271.9 114 ~ 1 669
4 Fvergreen broad-leaf forest 142 0.407 2.194 0.985 1017 278.9 407 ~1913
5 Needle and broad-leaf mixed forest 21 0.242 0.74 0.475 472 128.3 257 ~ 717
6 Evergreen and deciduous broad-leaf mixed 22 0.461 1.295 0.768 723 141.4 414 ~1 098
forest
7 Bush 9 0.429 364
8 Crassland 0.542 231 64.9
9 Farmland 0.542
10 Others 0.542

NPP Net primary productivity



3 419
3 NPP 8 km x 8 km
3.1
1989 ~ 1993 NPP
3 NPP NPP
4 NPP NPP
690 NPP
650 g G m~%* a~! 4
43gC m > a! R 0.49
100% 4.5% NPP
259.2
313.9
NPP 3
Abies - Picea
T{H:'ﬂ'fll W"{I"I]'E 'ﬂﬂc"l::'ﬂ‘"E IDﬂ'"‘IHI'E I |ﬂ°‘?'ﬂ“£ IWEI'U'E |.':D'°"$|'{|'"E

305NN

20040

[ bl bl

T
WPFDTE

|
N E

T
PO 120°E

e tpcen =T S0 000 T 400~ 550 [ 250~ 000 I (300 -0 450
B o 10 [ oo - 250 I S50~ 700 I L 000~ 1 |50 I | 450 | 600
0 w50 T as0 o0 [ o0 550 M 1 1500 so0 [ - 1 6on

3 1989 ~ 1993

NPP
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Table 3 Comparison of simulated net primary productivity NPP and observed NPP
gCm™?%a” gCm™?%a”
Observed NPP Simulated NPP %
Forest type Samples Mean relative error
Min Max Mean SE Min Max Mean SE
1 Boreal forest
Larix forest 39 179 824 490 160.9 152 626 447 115.3 4.9
. Coniferous broad- 257 717 472 1283 348 559 469 49.7 6.2
leaf mixed forest
- Abies-Picea forest 101 179 806 403 123.6 111 585 372 103.8 -0.2
Montane Populus- 270 1314 681  230.1 198 1135 694  139.2 2.3
Betula forest
 Pinusybestris var. 258 387 317 37.1 48 425 354 116.9 13.1
mongolica forest
2 Deciduous broad-leaf
forest
Typical decidu-
41 259 704 518 116.5 214 862 663 145.9 36.1
ous broad-leaf forest
Tugai forest 8 114 430 259 118.3 186 426 270 88.9 19.6
3 Evergreen broad-leaf
forest
Typical ever-
129 478 1577 1041 249 .4 401 1753 927 246.3 -5.0
green broad-leaf forest
- Evergreen-de-
ciduous broad-leaf mixed forest 22 414 1098 722 141.4 493 1 099 688 155.4 -1.2
Sclerophyllous 407 651 542 733 401 1221 872 297.8 59.3
evergreen broad-leaf forest
4 Rain forest and 904 1913 1287 435.4 1471 1770 1628 1288 36.5
monsoon forest
5 Temperate coniferous
forest
Pinus tabulaeformis forest 22 269 637 468 112.6 356 828 609 132.1 35.9
6 Subtropical conif-
erous forest
Pinus ar-
mandi  P. taiwanensis and P. 35 260 845 566 157 198 1136 649 201.2 23.7
densata forest
orest Cuunninghamia lanceolata. g 328 1669 791 339.9 401 1115 608  136.8 -10.5
- Pinus massoniana for- g4 378 1431 831  249.2 364 904 564 115.5 -27.2
Pinus yunnanensis and 395 m 604  117.8 425 1225 836  195.4 4.8
P. khasya forest
Cupressus forest 14 342 1023 587 200.7 198 1136 611 240.6 13.4
Total 690 114 1913 684 313.9 48 1770 641 259.2 4.5
567 g G m* a’! 103.5~1813.5gC
Ni 2003 m % a! 606.3 g G m~>
a”! 108.5~1404.5gC m™ > a™!
0.5°%x0.5° LPJ-DGVM R2=0.104 4

The lund-potsdam-jena dynamic global vegetation model

NPP

3.2

NPP

2003
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4 NPP NPP gCm?%a! NPP 102gCa!
Table 4 Comparison of simulated NPP in this paper with that of other models NPP mean unit ¢ G m~* a~' NPP total unit 10”g G a™'
Thomthwaite CASA  CEVSA
- 12 Miami 3 4 .
Simulated Observed NPP Miami model Thomthwaite  CASA  CEVSA 2001
Nep model model model 2000
Code Vegetation type Pixels - - = -
Mean  Total Range Mean Mean  Total Mean  Total Mean Mean LE Mean Mean
1 . 3086 438.8 86.6 179 ~824  490.0 270.7 53.5 350.2 69.2 432 379.1 460 585 281.7
Deciduous needle-leaf forest
2 14 579 367.1 342.5 179~806 395.5 740.9 691.3 691.6 645.3 354 515.0 439 587 540.9
Evergreen needle-leaf forest
3 6375 985.8 402.2 407~1913 1016.5809.5 330.3 749.6 305.8 525 721.0 945 945 987.4
Evergreen broad-leaf forest
4 . 7083 642.9 291.4 114~1669 671.8 449.1 203.6 453.4 205.5 304 517.6 548 928 443.5
Deciduous broad-leaf forest
5 Bush 11 287 367.7 265.6 364.0 627.5 453.3 590.7 426.7 283 272.0 348.7
s
6 959 465.0 28.5 839.8 51.6 776.7 47.7 532.0
Sparse woods
7 o . 271 375.4 6.5 831.5 14.4 767.7 13.3
Seaside wet lands
8 Alpine and sub-alpine meadow 10 582 349.8 236.9 323.4 219.0 335.8 227.4
9 4095 507.4 133.0 625.5 163.9 583.7 153.0
Slope grassland
10 . 6595 226.2 95.5 230.6 232.8 98.2 220.5 93.1 414.6 271 221.1
Plain grassland
11 8744 103.4 57.9 168.8 94.5 150.7 84.3
Desert grassland
12 9363 382.8 229.4 282.2 169.1 284.7 170.6
Meadow
13 . 63 347.1 1.4 628.5 2.5 585.8 2.4
City
4 . 869 371.4 20.7 603.1 33.5 564.7 31.4
River
15 1140 236.8 17.3 568.5 41.5 526.7 38.4
Lake
16 767 556.1 27.3 419.2 20.6 451.9 22.2
Swamp
17 . 1659 89.4 9.5 213.6 22.7 199.7 21.2
Glacier
18 3908 80.9 20.2 150.4 37.6 135.2 33.8
Bare rocks
19 11301 36.5 26.4 94.6 68.4 74.1 53.6
Gravels
20 10767 21.8 15.0 73.8 50.9 51.9 35.8 14 20.8
Desert
21 26 406 426.5 720.8 239~760 532.9 558.7 944.2 524.8 886.9 216 648.8 752 405.2
Farmland
22 Alpine and sub-alpine 10 103 131.7 85.2 220.1 142.3 209.7 135.6
plain Grassland
Total 150 000 3119.8 3906.8 3703.0
NPP Net primary productivity 1 Ni 2001 FromNietal. 2001 2 2003 From Fan et al. 2003 3

2001

From Piao et al.

2001

4

2003 From Tao 2003
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