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Table 1 Environmental factors and site index acquired in sampling plots for the predictive model and their descriptive statistics

T H Ak fRR% FEIE bRifEZE OME O HORME Bl brifeiR

ST B 22 P-4 RE K i /mm SUP  285.54 10.20 257.38 316.46 0.69
AR B K R /mm MAP  472.41 20.82 420.10 512.85 1.40
HEF K i /mm SPP 69.45 3.33 62.02 75.56 0.22

AT R /(mg - kg™) AK 183.49 32.76 101.53 223.45 221
TR A/ (mg - kg AN 175.96 49.24 86.39 273.85 3.32
L/ (mg - kg AP 11.03 4.26 3.47 16.29 0.29
FRIHEE pH pH 6.74 0.39 6.34 8.17 0.03
S8/(g - kg™ TK 1.80 0.34 1.41 2.47 0.02
2R /(g - kg N 0.29 0.09 0.12 0.50 0.01

ST S HAEEU/m SI 9.93 1.37 6.50 13.00 0.09
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Table 2 Parameters of semivariance model

AR RBET A (G0 Bl (C) HILLE [CACHO)/% THm BT E RMSE
Btk 1.407 0.014 1.0 1716.726 1.363
S 1.420 0.020 1.4 634.318 1.247
[ 1.407 0.014 1.0 724.887 1.290

2.3 AMIEH R EFERNERFZES

FEFEHARIL IS AN N TAK ST 1E 6.49~12.98 mZ ], K[| [XIR2E il 6, #k—iP
¥ ST A R4 h 1=V H 5, IKIRIREM (6.49~8.40 m) . Mk (8.40~9.42 m) . %%
(9.42~10.33 m) . #m (10.33~11.17 m) FIESLHA =) (11.17~12.98 m) (Kl4de), 551
RO ARD (8.9%), FEHMAEILERAZEIX I, 1 IV~V 95 B R FLUY 32.0%, &
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Fig. 3 Accuracy comparison of RK with semivariogram regression
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Fig. 4 Distribution of environmental factors and S/ grades in Saihanba
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Fig. 5 Relationships between environmental factors and site productivity grades

AU LA EAT A A ) R, R DR n] LIRS XK AL R SR 3
ZE MR, HAG A N PR R E R HCR  (P<0.01); AWFFEL S ES
MARA R B DGR UM 5 LN T G, BRItk ARCPEAR R

SRR R Al S A = S A RO 2 1A v AT [l R 5 2 R
B bR B AT A 25 () R X —fiRise ™, Al A Sy s B 25 AR SR AR E , 45 T ST
HAEER) A RS Ry o ATEDIF S — RO 4 58 S TR 45 R e IR 22 5 o RO T A B0 A
{HARBESE Hp = s S pR R L 18 /N T 25%,  HAS Rk RMSE HZE 5+ AR/, At
IRMBEAT TARE AT o AR T v AR IRDRS LB IESS R (3R3), PRHR RMELH s i e
BRI Ry de 2 S R Bl . FSE R 37 M B 2 T AR S Mk, XUl oA 22 53 W] X
(E13), FEPLERZES R A2 ) S SRS BV S5 09 1.0%, B S 1 B35 IR X a7
RRCPEIRYS 53 —T7 T, AERTFEIXARAL I A N TR A RER, AT FE I Ak
SRz s] (E1), BERL e S AR b v R r s B == o) A2 5 (1813) 0
I, TEARBUBOR R E BAT RO ELREA R R SRR RIS T, d i (7] 071 5 FLRS
BRERURA A SERURE S B A o A 18], BB WTSE DX R Al DX R MR ez B R R
Ei=e



74 I A SEFEINARILTE RN N TARAE ™ ) B HC S ) 73 A il 1373

MSEME ST A T RN TR, MIRIXE . EEMUKEA - pH A . 24
R R R SE IR E AN N AR A P I A AR Ry, 00 32 TGS IX B AR P A
b2, X GHEILTE AR N TARAY AR ST I BB ARG . Sl AR 7 Bl B 2= [ /K A 1 o
Mg (K 5a), X TFEIX R ZK A G A AT AR S AR AR R0, S REAS IS
TIRBCEYROTEE, BINGCE RO R RO, RIS g S0, (R R AN TR
MAKIE . X T REREACRYE, SLHA ™ I SERRE K B BRI, oK k)
70 mm Ze A7 iF, SCRERE K S ANz s> (K sb), Xl fEs2 & 3 Ul BR ] (-4
2.55°C), KoyzKWE, MKEZ, SFECEHEREREKD S, BRESEBRN,
SN I AR R E A LD B R ) COL IYHRTRCSZ BRI, A H TAedb i Al
AR ESRY . T3 pHAEBUIR, 7 Jblsy (& 5c), IXAREFENIE T Aede ik it
PN B S MR PRl i P SRR A A R I MBS RS XN A U i S S M A ™ Ty B A
EEIEMARKER (K5d), FTREZR N A5 R & A Reas i v ol /X —
WAFHVEFROLRY, WM EDCERCR, g AR N e =Sk, fen%
SRR - S MAE R B EAE T, B 8 S b B 5 A ] s A A ARbR S b 2 7 T 4 e

2% X Hk(References):

[1] HUANG S L, RAMIREZ C, CONWAY 8§, et al. Mapping site index and volume increment from forest inventory, Landsat,
and ecological variables in Tahoe National Forest, California, USA. Canadian Journal of Forest Research, 2017, 47(1): 113-124.

[2] BUEIS T, BRAVO F, PANDO V, et al. Site factors as predictors for Pinus halepensis Mill. productivity in Spanish planta-
tions. Annals of Forest Science, 2017, 74(1): 6.

[3] LATTA G, TEMESGEN H, BARRETT T M. Mapping and imputing potential productivity of pacific northwest forests
using climate variables. Canadian Journal of Forest Research, 2009, 39(6): 1197-1207.

[4] MCKENNEY D W, PEDLAR J H. Spatial models of site index based on climate and soil properties for two boreal tree
species in Ontario, Canada. Forest Ecology and Management, 2003, 175(1-3): 497-507.

[5] NIGH G D, YING C C, QIAN H. Climate and productivity of major conifer species in the interior of British Columbia,
Canada. Forest Science, 2004, 50(5): 659-671.

[6] ZefH, 3idib R, HARNMK, 55 Z2 04 bK X RARUCA MRS N AR B BB ST MRl B, 2015, 51(4): 78-88. [WU H,
DANG K L, TIAN X L, et al. Evaluating site quality for secondary forests and plantation in Qinling mountains. Scientia
Silvae Sinicae, 2015, 51(4): 78-88.]

[71 LITTKE K M, HARRISON R B, ZABOWSKI D. Determining the effects of biogeoclimatic properties on different site
index systems of ouglas-fir in the Coastal Pacific northwest. Forest Science, 2016, 62(5): 503-512.

[8] ANTON- FERNANDEZ C, MOLA-YUDEGO B, DALSGAARD L, et al. Climate- sensitive site index models for Nor-
way. Canadian Journal of Forest Research, 2016, 46(6): 794-803.

[9] BEAULIEU J, RAULIER F, PREGENT G, et al. Predicting site index from climatic, edaphic, and stand structural prop-
erties for seven plantation- grown conifer species in Quebec. Canadian Journal of Forest Research, 2011, 41(4): 682-
693.

[10] JIANG H Q, RADTKE P J, WEISKITTEL A R, et al. Climate- and soil-based models of site productivity in Eastern US
tree species. Canadian Journal of Forest Research, 2015, 45(3): 325-342.

[11] FALKOWSKI M J, WULDER M A, WHITE J C, et al. Supporting large-area, sample-based forest inventories with very
high spatial resolution satellite imagery. Progress in Physical Geography, 2009, 33(3): 403-423.

[12] PARRESOL B R, SCOTT D A, ZARNOCH S J, et al. Modeling forest site productivity using mapped geospatial attri-
butes within a South Carolina landscape, USA. Forest Ecology and Management, 2017, 406: 196-207.

[13] BRAVO-OVIEDO A, ROIG S, BRAVO F, et al. Environmental variability and its relationship to site index in Mediterra-
nean maritine pine. Forest Systems, 2011, 20(1): 50-64.

[14] WARING R H, MILNER K S, JOLLY W M, et al. Assessment of site index and forest growth capacity across the Pacif-
ic and Inland Northwest U.S.A. with a MODIS satellite- derived vegetation index. Forest Ecology and Management,



1374 H % % | 2% i 344

2006, 228(1-3): 285-291.

[15] WEISKITTEL A R, CROOKSTON N L, RADTKE P J. Linking climate, gross primary productivity, and site index
across forests of the Western United States. Canadian Journal of Forest Research, 2011, 41(8): 1710-1721.

[16] FARRELLY N, Ni-DHUBHAIN A, NIEUWENHUIS M. Site index of Sitka spruce (Picea sitchensis) in relation to dif-
ferent measures of site quality in Ireland. Canadian Journal of Forest Research, 2011, 41(2): 265-278.

[17] HLASNY T, TROMBIK J, BOSELA M, et al. Climatic drivers of forest productivity in Central Europe. Agricultural
and Forest Meteorology, 2017, 234-235: 258-273.

[18] SHARMA R P. Modelling height, height growth and site index from National Forest Inventory Data in Norway. Oslo,
Norway: Norwegian University of Life Sciences, 2013.

[19] &4 BH, FEARE, B dh. bk or b g 2500 48 12 25 TRl 43 7. ZE 452437, 2010, 30(13): 3465-3471. [ZENG C Y,
TANG D S, TANG J K. Spatial pattern of forest ecoystem site index using geostatistical technology. Acta Ecologica Si-
nica, 2010, 30(13): 3465-3471.]

[20] EifFaE, 2R, Ya N Jb, 55, T4 B 5 B A AR PR ES B 2 (B A0l RO AILB 24412, 2016, 47(6): 283-289. [WANG
H B, PENG D L, FAN Y L, et al. Spatial modeling of forest stock volume based on auxiliary information. Transactions
of the CSAM, 2016, 47(6): 283-289.]

[21] BXZEIA, BREL, SRR ST AN ] 245 FE 7 (BR800 ) 11 G g L bt S Rl R T AR SR DU 1 SR 2% 4R, 2014, 29
(4): 598-609. [ZHAO A J, CHEN K, GUO S G. Estimation LAI of montane evergreen broad-leaved forest in Southwest
Sichuan using different spatial prediction models. Journal of Natural Resources, 2014, 29(4): 598-609.]

[22] HENGL T, HEUVELINK G B M, ROSSITER D G. About regression- kriging: From equations to case studies. Comput-
ers & Geosciences, 2007, 33(10): 1301-1315.

[23] sRAREE, 24, SRAREHE, 46 SR IR0 TE TR N AR R 50T 52 i X 7. ZE 25 2% 41z, 2015, 35(16): 5403-5411.
[ZHANG S Z, LI M, ZHANG S B, et al. Factors affecting natural regeneration of Larix principis-rupprechtii planta-
tions in Saihanba of Hebei, China. Acta Ecologica Sinica, 2015, 35(16): 5403-5411.]

[24] Bewh, g —, BEAR I, A b SOl DXy b N TR ST A 203 09 g il Bz FL MOl B2, 2009, 45(3): 7-12.
[DUAN J, MA LY, JIAL M, et al. Establishment and application of site index table for Pinus tabulaeformis plantation
in the low elevation area of beijing. Scientia Silvae Sinicae, 2009, 45(3): 7-12.]

[25] L&, jkAH, 3 K, 55 S MAEAL % TN TR A7 H8 ORAY. 3 AR 2525 4R, 2015, 26(11): 3413-3420.
[WANG D Z, ZHANG D Y, JANG F L, et al. A site index model for Larix principis-rupprechtii plantation in Saihanba,
North China. Chinese Journal of Applied Ecology, 2015, 26(11): 3413-3420.]

[26] WANG T L, WANG G Y, INNES J, et al. Climatic niche models and their consensus projections for future climates for
four major forest tree species in the Asia- Pacific region. Forest Ecology and Management, 2016, 360: 357-366.

[27] JWITRE, A, B, 45, LA AR A DX A AR A D RE R B A TO0. R0l 24 4R, 2018, 27(3): 24-32.
[FAN S X, ZHENG J W, WEI S K, et al. Predicting suitable distribution of dominant herbaceous plant functional groups
in a forest-steppe zone of Hebei, China. Acta Prataculturae Sinica, 2018, 27(3): 24-32.]

[28] WEI S G, DALY J, LIU BY, et al. A China data set of soil properties for land surface modeling. Journal of Advances in
Modeling Earth Systems, 2013, 5(2): 212-224.

[29] JOHNSON J W. Factors affecting relative weights: The influence of sampling and measurement error. Organizational
Research Methods, 2004, 7(3): 283-299.

[30] JAMES M L, SCOTT T. Multivariate relative importance: Extending relative weight analysis to multivariate criterion
spaces. Journal of Applied Psychology, 2008, 93(2): 329-345.

[31] FRAUE, 70 DX A AR A RegCM3 X AR K Ml DX A AR AL AL I BB L. Mok #2247, 2012, 55(9): 2854-
2866. [ZHANG D F, SHI Y. Numerical simulation of climate changes over North China by the RegCM3 model. Chi-
nese Journal of Geophysics, 2012, 55(9): 2854-2866.]

[32] cifFmm, sKifEZR, fRlE, 28, B b Fe s IXCRORIE BEE T ot v f ) S e R WAL S R R, F AR TR
R, 2016, 31(10): 1752-1763. [RU H L, ZHANG H D, JIAO F, et al. Plant and soil C, N, P stoichiometric characteristics
in relation to micro-topography in the hilly Loess Plateau region, China. Journal of Natural Resources, 2016, 31(10):
1752-1763.]

[33] TRAS, ZEMRIRE, T30, 7 XU 0] 75 580 5 SR H T ot A K (4 520 M BRAR 2%, 2008, 28(2): 235-240. [ZHANG I, LID L,
WANG W. Influence of terrain on precipitation in Qinghai-Tibet Plateau during summer monsoon. Scientia Geographi-
ca Sinica, 2008, 28(2): 235-240.]

(34] %W, Y%, 77, et al. 22T DEM A LI XL A TEBTRY: DIDK VY 45 e L o0 1. s BB, 2007, 27(4): 525-



74 I A SEFEINARILTE RN N TARAE ™ ) B HC S ) 73 A il 1375

530. [YANG X, TANG G A, WANG C, et al. Terrain-revised ground surface temperature model of mountain area based
on DEM: A case study in Yaoxian county of Shananxi province. Scientia Geographica Sinica, 2007, 27(4): 525-530.]

[35] L4k, Mall, MROF T, 46, T PB4 25 & ) 4k 11 2% Pl -3 e g 22 (R Fuiml. iz FH 2B 25 2% 4, 2010, 21(12): 3099-
3104. [QIU L F, YANG C, LIN F F, et al. Spatial pattern of soil fertility in Bashan tea garden: A prediction based on en-
vironmental auxiliary variables. Chinese Journal of Applied Ecology, 2010, 21(12): 3099-3104.]

[36] SRAEK, A HFAL, SRIEM. L IENT I S B K 2R A I 5 a0k SR BRI, 2005, 20(7): 778-785. [ZHANG D Q,
SHI P L, ZHANG X Z. Some advance in the main factors controlling soil respiration. Advances in Earth Science, 2005,
20(7): 778-785.]

[37] EFHY, EADF, MOFI5, 4. AR DX b - 1 4 s [R]85 P 0 00 32 4 R Ay g 7. - B 27412, 2012, 49(4): 625-
635. [WANG D D, YUE S P, LIN F F, et al. Response of spatial variability of soil total nitrogen to expansion of uplands
in scale in Northeast China. Acta Pedologica Sinica, 2012, 49(4): 625-635.]

Predicting productivity and spatial distribution of Larix
principis-rupprechtii plantation

LI Wen-bo, LYU Zhen-gang, HUANG Xuan-rui, ZHANG Zhi-dong
(College of Forestry, Agricultural University of Hebei, Hebei Province Key Laboratory of Forest Trees
Germplasm Resources and Forest Protection, Baoding 071000, Hebei, China)

Abstract: The accurate prediction of forest site productivity is crucial for the effective forest
management. Site index (S7) is one of the main measures of forest productivity. In this study,
we integrated 220 field inventory, topography, climate and soil factors to predict SI of Larix
principis- rupprechtii using regression Kriging (RK) model in Saihanba Mechanized Forest
Farm, Hebei province. The influence of different semivariograms on the accuracy of RK model
was also analyzed. Fitting results showed that the accuracy of RK model based on Gaussian
semivariogram was higher than that based on spherical and exponential semivariogram, and
had little residual variation (RMSE=0.82 m and MAE=0.66 m), indicating RK model based on
Gaussian semivariogram had a highly predictive power to predict S7 in the study area. Gaussian
semivariogram analysis showed that there was a strong spatial autocorrelation in S7 in the study
area, and the spatial variation was significant in the range of 724.89 m; The major
environmental factors affecting spatial variation in SI of L. principis- rupprechtii plantations
included: soil total nitrogen (7N), soil pH, mean summer precipitation (SUP) and mean spring
precipitation (SPP). The sites with high productivity of L. principis-rupprechtii might tend to
potentially occur in the southeast part with suitable SPP, relatively high SUP, neutral or acidic
soil and relatively high 7N, accounting for 32.00% of the total area of the study region.
However, sites with low productivity of L. principis- rupprechtii were typically found at the
northern edge with excessive SPP or lower SUP, high soil pH and extremely low 7N, only
accounting for 8.90% of the whole region. Accordingly, the distribution patterns of productivity
for L. principis-rupprechtii plantation were jointly determined by climatic and soil factors as well
as tree growth characteristics in the study area. Improving productivity of L. principis-rupprechtii
plantation can be realized by soil pH reduction and appropriate nitrogen increase in the study area.
Keywords: site index; environmental factors; geostatistics; Larix principis-rupprechtii



