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Spatial distribution pattern of forest fire video monitoring points in
state-owned forest farms in Hunan Province

WANG Xinyu', LONG Shisheng', CAI Xiaojing', LI Ziming®, LIU Falin'

(1. School of Forestry, Central South University of Forestry & Technology, Changsha 410004, Hunan, China;
2. Hunan Forestry Bureau, Changsha 410007, Hunan, China)

Abstract: [Objective] Forest fire video monitoring is the key means of forest fire monitoring in forest management agencies.
Reasonable spatial distribution pattern can improve monitoring efficiency, reduce monitoring blind spots, detect fires in time, and
reduce losses from forest fires. [Method] Taking 216 state-owned forest fire video monitoring points in Hunan Province as study
objects, the spatial distribution type, spatial distribution density and spatial distribution direction of forest fire video monitoring points
were analyzed by using the nearest neighbor index, kernel density estimation method and standard deviation ellipse, respectively. The
spatial distribution pattern of forest fire video monitoring points in state-owned forest farms in Hunan Province was studied, and the
influencing factors of site selection of forest fire video monitoring points were discussed from four aspects: topography, traffic, fire risk
and social economy. [Result] There are 645 forest fire video monitoring points in the state-owned forest farms in Hunan Province,
showing a significant agglomeration pattern in space. From the distribution of forest fire video monitoring points in various cities and
prefectures of Hunan Province, Shaoyang City has the largest number of forest fire video monitoring points, and Xiangtan City has the
least, accounting for 17.36% and 0.31% of the total number of the provinces, respectively. From the perspective of distribution density,
the spatial distribution shows a regional difference of ‘less in the north and more in the south’. There are four high-density area centers,
located in Changsha City, Zhuzhou City, Yongzhou City and Shaoyang City; in addition, there is a sub-intensive area center located in
Xiangxi Tujia and Miao Autonomous Prefecture. The numerical difference between the long and short axes is large, indicating that the
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spatial distribution of forest fire video monitoring points has a strong directionality, and presents a northwest-southeast distribution trend.

[ Conclusion] The spatial distribution of forest fire video monitoring points in state-owned forest farms in Hunan Province is

significantly affected by factors such as elevation, slope, traffic accessibility, number of graves, operating area of state-owned forest

farms, and number of tourist attractions. It provides a reference for strengthening the construction of forest fire prevention and

extinguishing capacity in Hunan Province and the rational layout of forest fire video monitoring points.

Keywords: forest fire video monitoring; spatial distribution pattern; state-owned forest farm; Hunan Province
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forest farms in Hunan Province
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Table 1 Statistics of the number of forest fire video
monitoring points in state-owned forest farms
in Hunan Province

o s S A
City or autonomous Number of ke g
ty monitoring  Proportion /% Ranking
prefecture . N
points / 7|

ARBBH T Shaoyang City 112 17.36 1
JKJHTH Yongzhou City 96 14.88 2
R T Zhuzhou City 74 11.47 3
K17 Changsha City 65 10.08 4
BT Chenzhou City 63 9.77 5

T L SRR B
Xiangxi Tujia and Miao 51 791 6

Autonomous Prefecture
#7717 Changde City 50 7.75 7
Tk 5 A1l Zhangjiajie City 27 4.19 8
P4k 117 Huaihua City 25 3.88 9
#7F[TH Hengyang City 20 3.10 10
2T Loudi City 20 3.10 10
FEFHT Yueyang City 23 3.57 12
2 PH T Yiyang City 17 2.63 13
T T Xiangtan City 2 0.31 14

4l Total 645 100.00
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Fig.2 The proportion of forest fire video monitoring points
in state-owned forest farms in Hunan Province
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Table 2 Average nearest neighbor distance analysis parameters of forest fire video monitoring points in state-owned forest

farms in Hunan Province

T H Project [
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Forest fire video monitoring point 4861.8214

10 226.007 2

0.475 437 -25.486 398 0
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Table 3 Standard deviation ellipse analysis parameters of forest fire video monitoring points in state-owned forest farms in
Hunan Province
Tt H GERINALY SRS Kl Ji LA
Project Areal coordinates Semiminor axis /km Semimajor axis /km Azimuth /(°)
MRS 5

. L . 111°54'35"E, 27°22'03"N
Forest fire video monitoring point

172.006 8 225.906 2 141.82
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Table 4 Distribution of forest fire video monitoring points
with different terrain factors
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Project  Category Grading Number  Proportion /%
N PR 0 ~ 200 m 131 20.31
Elifi‘on FF 201 ~500m 216 33.49
ii#s 501 ~2016m 298 46.20
B[ 338° ~ 22° 74 11.48
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;fprit e 158° ~ 202° 71 11.01
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padbd  293° ~ 337° 106 16.43
e <5° 11 1.71
S 0° ~ 5° 210 32.56
Tt 6° ~ 14° 304 47.13
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Slope B3k 25° ~ 34° 14 2.17
2l 35° ~ 44° 1 0.16
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Fig. 4 The distribution of forest fire video monitoring points with different terrain factors
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fire video monitoring points in state-owned forest
farms in Hunan Province
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Table 5 Correlation analysis between the number of forest fire video monitoring points and fire risk indicators in state-
owned forest farms in Hunan Province

. WousE  mEer mee RO e
City or Autonomous Prefecture Number qf fqrest ﬁ_re video  Total number of  Total number of historical forest Total lpad of
monitoring points graves temples fires combustibles /kg
K17 Changsha City 65 461 089 2119 440 3.46X 10
FR#TT Zhuzhou City 74 931978 354 922 3.48% 10
I Tl Xiangtan City 2 118 249 319 373 1.01X10’
#7FHTT Hengyang City 20 1512 060 269 797 3.11X107
ARPHTT Shaoyang City 112 1514253 1016 1080 7.95% 107
BT Yueyang City 23 593 621 186 667 3.13X10’
1% 17 Changde City 50 1001 007 205 744 4.14%10
Tk Sl Zhangjiajie City 27 411 148 66 998 3.41X10
2 PHTT Yiyang City 17 710 125 174 1222 3.73X10
MM T Chenzhou City 63 1416 571 300 2279 6.35X 107
7K TH Yongzhou City 96 1200 481 162 1 461 6.69X10
4L 17 Huaihua City 25 1168 108 927 1085 1.04x10°
)< Loudi City 20 373 604 525 879 1.91X 10
?*Emfi%ﬁ%ﬁﬁﬁ?ﬁﬂ'l Xiangxi Tujia 51 927 751 554 439 517X10’
and Miao Autonomous Prefecture
HIZEIE R Coefficient of correlation 0.555* 0.300 0.331 0.496
SEME (XE) Significance (Double tailed) 0.039 0.297 0.248 0.071

T P <0.05.
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Table 6 Correlation analysis between the number of forest fire video monitoring points and socio-economic indicators in
state-owned forest farms in Hunan Province

i PRI 42 R i EGHIH % E TR e e A wWEAND X A=
City or Autonomous Number of forest fire video ~ Operating area of state- ~ Number of Tourist Permanent EUH
Prefecture monitoring points owned forest farm /hm’ attractions population / Ji A GDP/ 127t
KDl Changsha City 65 24 785.37 162 1051.31 14331.98
FRINTH Zhuzhou City 74 59 760.78 106 385.20 3 667.90
I Tl7 Xiangtan City 2 1222.10 31 270.12 2741.84
#7FH 117 Hengyang City 20 24 934.17 70 649.70 4190.87
ARFATH Shaoyang City 112 149 272.82 78 635.88 2731.42
AT Yueyang City 23 23221.68 10 499.14 4.841.78
4%l Changde City 50 22920.81 35 518.70 4385.70
7KK JL1lT Zhangjiajie City 27 27 730.90 27 149.70 613.90
APATH Yiyang City 17 18 678.65 43 375.92 2136.21
M T Chenzhou City 63 123 164.26 98 460.05 3110.58
/KT Yongzhou City 96 203 868.88 96 507.62 2495.83
$£4k 117 Huaihua City 25 43 877.08 98 44721 1948.52
#JETHT Loudi City 20 18 353.54 16 374.32 1990.50
WV b SR I B A
Xiangxi Tujia and Miao 51 32710.13 58 248.80 825.85
Autonomous Prefecture
2% R HL Coefficient of correlation 0.821%* 0.572%* 0.386 0.173
WEM (XE) Significance (Double tailed) 0.000 0.033 0.173 0.555

T P <0.05; %% P <0.01.



66 TETREN, 55 R A AT AR AR U 478 i 25 18] 7 A S

5 3

4 ERSe

41 it i

LR 4 216 A B A AR 37 bR KL 42
WEFERT R, Geit 70 b 1 AR KR %8 #6245 T M
AT BRI ES, JFRMEID B e .
fiti T2 LA R AR HE ZE R B 0 A 17 AR KA M 4 A
My (a o Ak J . S5 RRW, WiFE & E A I bk
KM 7 5 AE 2 T N R A AF AR BRS¢, X
5 & WM E AW ECE . RIS E TR R X K
By SR DI O o A% A ) 22 TR 0 A 5 T PR 5
SR E M AAES, X5HFEE N
M BRFAE . AR R NRE B b B e —
Hfk.

PV A R 2 o R A A R B,
JE TR KR 2 R I PR DX 22 B Ak AT
BRI R FRMNEPIESHE TR (2)
PRI BEUR S K oA g HAR 9 PR 4R B AR AR 2K
TR AT 4% e R, EEBE R
GIS HAF 73 B HUIE IR 7 X R bR K R AR (52
W, fFHI GRS IEWE. S, EIRERER, AT
DA R g e R I R PR e b e R, DA v
G e . e e P R GIS HiR 5L
PR ERR, LIRS, @i, watsE=
AR B T A i AL i R G, SR/ Y
TIF FUAT H 03 1Ly DR DXOMR I 2% A 4 3 kPR
REEAMIYG. ZEX AL, R A
DI oA S BUA W% s Al AWFTEIIE . 52
RIS AR 2B DA T T R A A
RS R KA M 2 A Rk S PR AT T R
1) FEXB IR T3 T, WKL 2 e (6 5 A 2 2%
2B AR R, AR Tl S
fiRT 25° X3 il dhc X DA AL BT T ] 51
WA A R B RE B, A BTSN T X
ARG, I MIERCR . BRI I 5 i 4k A
KAKAT R Sk AL, I e ide 6 3505~ 22 4
DXAE D M 328 R PR AT o X3 20 7R3 R 3 7 I
L 72% AR KRB 4% A T 3 BHE B 10 km
VUL R A, T i X 4 ) A i L B M A i )
£/ E/ANE § N N € L VRS DVE Ve S
PRI, R R T R 2, DR 5 AR R
KM G, RRTIERCRNGH . 3) KRN
B PR 3R i, S AR S AR 1 R R A
FERFHIEAOG. MR ARG S AW A AT, 4
EREARER, N T KRR, AR E

X o R, ZE b A X T L 4 DA
AR KA, Y KRR 4) fEAE AT
ROTTH,  [EA AR 48 T AR R Ui 5 AU BCR AR
KAAT NS 4% s o A S R . (B A R T A
K, 75 ZETE 2 0 4% A SR AR R R B 5 R0 A2
BB RS AE N NREEX, 551 KKK,
XA S BRI 2 2 A M b . DRI, 3 D e
Fa SUKF T DR AR R B U (1 RT RF R A A AR i I
AT RKEE, WA EA R 2 5
(23 [ 3 A A R B T IEIEIA . EHh A
iR S SR E A M4 s T AN AR 3L R
S T EERE R AT, AR RAL T T B
R DR 28 06 PR AT R $2 252 ) 20 A RO B2 M, Aok
AT L — 2 R B AL R R E &,
KSR 3 AT REAE DL R AH G B3R R i 2 5 S e 4%
TX TR 20T 8 2 X M K 4 AR R I A Ak R B R
B R E R

SN 5ER T T 8 AR AR BT KK R T A R SR KA
Sl A BT R, SR DLUR LA D i
W RUAT R X v RS X 338 s 4 it &5
A 0 5K AR A S IR B AR A, A AR e A
AL AR, DSEIE AT ER. 2) BB
W PERE 18T . BT IREIEA, AT LI A TEANL,
Weminisae )y, DUsaMEG IR A 2, $
T oK M I R TRUE B S P RO AR . 3D MY SR
P S E . IR IR, B
IEEBB RS SIS R o0 B I,
TR R BikBi A ThRe, PAAE K H A3 FH 7
e WL B AL, X I % % & AT S AR
Yy, AREEERL . AR YRS,
PR T 25 IR I8 5%, DA v A s U AR K R
I

42 %

1R 8 A AR A R KA 4% £ 645 4,
Horp, BERE T AR KR I 4 SR R 2, WTE
Wb, & He8 8501 17.36% f10.31%, Ui
5 28 LA AR 37 P K AT 8 s E 2% 71 M 8] 4 A
AR 5

1517 48 A AR KA 4% i R S IR R
BELEREIEI A PbM 27 X EMEZER.
TEAE A AR XL, Rl KT SR
A TTAHERRETT, A 1 MREEX O GHPE L
FOEMW R EIAMND o MR KA 2 5501 23 (8] 73 A7
TR, R IC— R E A AR

FEHL TP 2R T7 1, ARAIAI 28 R 1) 23 A1



46 3%

A2 S A s AN e O 67

E P AR E R, AT L A
FEART 25° B X Ik, 7R @R & T, it 72%
{1 PR R AT 2 A A7 T 2 B TE 6 10 km Y Y
IR TS T K G I e bk ) . 7
KgAK IR 3R 7 T, 2 A S R R A
WEAEREZIEMK. A RETm, E
A MR 3% 228 TRV R R Ui 55 R 250 o) b K AL A s 4
MR BE R

S 3T
[1] S, DR AR, % AR R AT (1]

AR ,2020,40(2):385-401.

YUE C, LUO C F, SHU L F, et al. A review on wildfire studies
in the context of global change[J]. Acta Ecologica Sinica,2020,
40(2):385-401.

JE AR, BAANE A IR AR K SR A T AR REALE B
BAMGIAMAT (0], WS AR 2021,15(6):129-133,
ZHOU H, TANG L, LI Z X, et al. Spatial and temporal
distribution characteristics of forest fire and typical case analysis
in Hunan Province[J]. Desert and Oasis Meteorology,2021,15(6):
129-133.

TR, BRIERE B, AF R R AR AR K IR A 0 A R A
B A R B AUSEET [3]. 05 Mol B ,2024,51(4):33-
38,60.

ZHANG M, ZHAO Z P, YAN X W, et al. Analysis of the
temporal and spatial distribution characteristics of forest fire and
the weekend and holiday effects in Hunan Province[J]. Hunan
Forestry Science & Technology,2024,51(4):33-38,60.

PRIESC XYy TR 1) R R AR B K R 4 R G s
59 0], IANE BRHE ,2023,7(2):42-44,48.

XU H W, LIU S. Design and implementation of Hunan forest
fire prevention video monitoring system based on iron tower[J].
Modern Information Technology,2023,7(2):42-44,48.

TR P B . T i R G AE ARARB KPR RLAT -
A 7K R DX B e M 4 R G 9 91 (0], Wi pkalk B 6
2006,26(6):51-54.

ZHANG F, ZHENG D P, XIA Y. Application of digital
monitoring system for forest fire prevention[J]. Journal of
Zhejiang Forestry Science and Technology,2006,26(6):51-54.
EFF, TR DT T IR BOR S5 R R AR AR K O AT 5 [T,
PR RN ,2011(5):26-27.

WANG X, ZHANG G. Study on forest fire monitoring base
on the structure of internet of things technology[J]. Modern
Agricultural Sciences and Technology,2011(5):26-27.

Wiid , 26, IREh, 45 L BT AR R AR U B R B 5T
JUIR [1]. #Rol SRR 2016,32(4):102-106.

CHEN H, ZHOU Y F, QIAO W, et al. Research status of forest
fire identification technology based on remote video[J]. Forestry

and Environmental Science,2016,32(4):102-106.

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

PV B, RN AR ORI 4% 2 I A R S VAN
AR [I]. AR FE 4 ,2013,22(2):61-69.

SUN W, CAO S S, TANG X M. Spatial optimum arrangement
and evaluation technology of forest fire video monitoring[J].
Journal of Natural Disasters,2013,22(2):61-69.

RN, AR, B SF L AU A AR GEAE I RS A AR IX
AR (9] MR ,2022,54(3):49-53.
ZHAO L H, NIU L C, WEI H K, et al. Application of video
surveillance system in forest fire prevention in Shangzhi
state-owned forest area[J]. Forestry Science and Technology
Information,2022,54(3):49-53.

FOKAE, /AN sRIeR A5 L TR SRR DT B AR AR K
SR B RGBT (). MOl BHRAT HE,2009(5):24-28.
HUANG S S, TANG X M, ZHANG Y X, et al. Multi-
monitoring platforms integration oriented design on the
information system of forest fire monitoring[J]. Forest Resources
Management,2009(5):24-28.

HIE , Mot , skiz Ak . A T K SR Bl B 5 ok 86z X&) (0],
TR MO BHEOR A 4 ,2024,44(12):59-73.

TIAN L L,YANG G, ZHANG Y L. Forest fire driving factors and
fire risk distribution in Tongren City[J]. Journal of Central South
University of Forestry & Technology,2024,44(12):59-73.

LA KRR I 2 A A S K BT 7T (D).
JEm el R A 2021,

LI'Y D. Study on temporal and spatial variation of forest fire
and fire risk prediction in large-scale areas[D]. Beijing: Beijing
Forestry University,2021.

B, AL, HAIN, &5 BT R i R R
O ARFE [J]. AR AR K T 5 4R ,2024,44(7):29-35,76.
CAI X J, SHIR D, XIAO H S, et al. Spatiotemporal distribution
characteristics of forest fires in Hunan based on point pattern
methods[J]. Journal of Central South University of Forestry &
Technology,2024,44(7):29-35,76.

O, RN RIZLBE A T GIS AR R AR Tk
R B PRSETTVE [J]. B HOR 5 L 2016,16(30):6-10,26.

HUI S, RUI X P, LIU HY, et al. GIS based method for
the simulation and location decision making of forest fire
suppression[J]. Science Technology and Engineering,2016,16(30):
6-10,26.

WRORIL, BRI, BRAL , 45 . 5T GIS AR K SIS S
FLRIH (3], BRI F 2441 ,2007,16(1):76-80.

CHEN T E, CHEN L P, CHEN H, et al. GIS-based forest-fire
simulation and its application[J]. Journal of Natural Disasters,
2007,16(1):76-80.

JAFER L B SR BN AR KA E MR ILEOR BT [D]. b
5 R EMAL AR 2010,

ZHOU Y F. Technology of forest fire adaptive spreading
simulation based on dynamic data-driven[D]. Beijing: Chinese

Academy of Forestry,2010.
(F#:5 88 )



88 gk E, S RO ZE S DR TR N TARA A AR AR YR 2 R Fs5H
Forestry,2001,99(1):20-25. 483-490.

[191 E9L, BJE—, BT &5 AR E A A AR 1 [21] B, SRaL0E  BRA 5 R N LA T Y 2 R 2
W% A [ 1] A% 5i 2 300 w2 (0] R b MOl R A LR 3 68 AN 7] 8] A ik B AR R 93 0 S [, AR 2 o 42023,
2013,41(10):1-9. 43(24):10274-10284.
WANG K, MA LY, JIA Z K, et al. Short-term responses of CHEN H, GUO H T, CHEN R, et al. Understory plant diversity
undergrowth of Pinus tabuliformis plantation at different stand of Cunninghamia lanceolata plantations and its short-term
ages to different thinning intensity[J]. Journal of Northeast environmental response to different thinning intensities[J]. Acta
Forestry University,2013,41(10):1-9. Ecologica Sinica,2023,43(24):10274-10284.

[20] T, A, A S L R OT SO HARVE IS N TR K [22] SEIWA K, ETOH Y, HISITA M, et al. Roles of thinning intensity

ARGE R 2 FE P S R BTS2 7], AR RO
SR ( HARBHERR ),2024,53(4):483-490.

DING L, PAN P K, LI C, et al. Effect of thinning method on
growth, understory plant diversity and soil characteristics of
Larix kaempferi plantation[J]. Journal of Fujian Agriculture

and Forestry University (Natural Science Edition),2024,53(4):

in hardwood recruitment and diversity in a conifer, Criptomeria

japonica plantation: a 5-year demographic study[J]. Forest

Ecology and Management,2012,269:177-187.

[ AL WERTS

DOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOBOOOOOOBOOOBOOOOOOOOOOOOOOOOOOOOBOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOE

[17]

[18]

[19]

[20]

(3% 67 )

WK, BRSNS R B L X BT PR B A 18] 4 A RFAE
FILFEM R 2 [7]. LUFHIEE 2016,36(4):126-132.

LUO Q, FAN X S, GAO G H, et al. Spatial distribution of
poverty village and influencing factors in Qinba mountains[J].
Economic Geography,2016,36(4):126-132.

KA B FE T R D TR A U S B g B T
R A BT [D]. Ab5E : AERTEE K% 2019,

LIU C Y. The quantitative analysis of settlement space of
Dingcun village in Xiangfen County based on the two-
dimensional form of built-up area and geographic information
integration[D]. Beijing: Beijing Jiaotong University,2019.

FRAR BB JOBE L SRR K A S S A K B A
I3 S KA PR ER (D). MO RO S 2 i (AR R,
2023,17(5):41-51.

ZHANG J, FENG Y J, YOU Y. Spatiotemporal differentiation and
influencing factors of water ecological civilization construction
in the Yellow River basin[J]. Journal of Central South University
of Forestry & Technology (Social Sciences),2023,17(5):41-51.
BRI ER , EEM, R, A BT BRI S A 3R E A R AR X
MK BRE R 256 o AT (0], AE S 244R ,2025,45(1):227-238.

HU Y X, WANG X M, CHEN Y, et al. Comparative analysis of
forest fire driving in different forest regions of China based on
the geographical detector approach[J]. Acta Ecologica Sinica,
2025,45(1):227-238.

[21]

[22]

[23]

[24]

FEIRD, T, BRI IR BRI e % R 4
HIveTH 5 SEIL [J]. Mol 55 R ,2020,36(4):127-130.

LU TH, ZHOU Y F, LI X C. Design and implementation of the
forest fire remote video monitoring system of Huaiji County[J].
Forestry and Environmental Science,2020,36(4):127-130.
FEE, SRR, festth . BT HUZ 2B B L DXRR AR R A%
RUSEETTVE (3], MOl B EAS B ,2020(2):135-140.

WANG Y J, ZHANG J Y, HOU J W. Location selection methods
of mountain forest fire monitoring points based on terrain
analysis[J]. Forest Resources Management,2020(2):135-140.
W FET GIS 22 0] 43 A RO A e 42 i ik 2R 48 Bt (D).
TR ,2020(6):72-73.

ZUO H L. Design of video monitoring site selection system
based on GIS spatial analysis[J]. Electronic Test,2020(6):72-73.
FEANTE RS L SRR DR AR KA 47 5 B AT
JHWEFE [D]. AEAT - AEAThRal I 2017

QI X Y. Research on the optimal location of video monitoring
spots for forest fire prevention in Gansu Qilian mountain nature

reserve[D]. Beijing: Beijing Forestry University,2017.

[ ASCHRL: WS ]



