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Stratified Adaptive Cluster Sampling Based on the Adjusted Horvitz-Thompson
Estimator with the Network Nonoverlapping Strata

Zhu Guangyu'® Tang Shouzheng' Lei Yuancai'
(1. Institute of Forest Resources Information Techniques, CAF  Beijing 100091; 2. Research Center of Forestry Remote Sensing
Information Engineering , Central South University of Forestry and Technology ~Changsha 410004 )

Abstract: In this paper, a new stratified adaptive cluster sampling method is proposed based on the adjusted Horvitz-
Thompson estimator with the network nonoverlapping strata. The mean and variance estimator are proved to be unbiased.
Nine sampling methods were used for estimating the density of Hedysarum scoparium in Ulanbuh Desert edge in China,
simple random sampling, stratified simple random sampling, adaptive cluster sampling based on the adjusted Hansen-
Hurwitz estimator, adaptive cluster sampling based on the adjusted Horvitz-Thompson estimator, stratified adaptive cluster
sampling I (ACSI ) based on the adjusted Hansen-Hurwitz estimator with the network overlapping strata, stratified adaptive
cluster sampling IT (ACSII ) based on the adjusted Hansen-Hurwitz estimator with the network overlapping strata, stratified
adaptive cluster sampling based on the adjusted Horvitz-Thompson estimator with the network overlapping strata, stratified
adaptive cluster sampling based on the adjusted Horvitz-Thompson estimator with the network nonoverlapping strata. The
precisions of the nine sampling methods were compared. The result showed that the new stratified adaptive cluster sampling
method based on the adjusted Horvitz-Thompson estimator with the network nonoverlapping strata was more effective than
the others,and the sampling in stratified populations was more effective than the sampling in non-stratified populations.
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Fig. 1 Stratified adaptive cluster sampling



57

RO AT ARSI LT Horvitz-Thompson A 14 (1 73 JZ F 15 13 7 A1 il A 3

AVFEA B 5 I AR IR ) FEAS &
ne = Sy TLREA N ) REAR TN L 5 B
JOE P b A RO ) by SR ) R A BT

A5 GH R 43 )2 A N A AT AR R T - 1 ) B
BIAE AR BTG 1 4l B, 30 5 R FH AN B [l b A X 4 A 2
539 ST B R I REAS BT, A 1, 55 1 )2 el R
MIRWIREAR B TTE ny = 2, 50 2 2 Pl ) v #
KHTCH n, = 6. Ll RAIREA R 0, = > 1n,
= Q+6) =8;2)IEAA MR E MBI E X
— BB )5 3D LU AR AR B IT R s Hi IR AY 2 A
T8 07 TR B 7 D U 328 BB A0 B T, B A 8 A4 T
2 D i P SN N 3 [ (= A SN N SN | N = N T
1T 2%
L2 fhot &3t 5uEm

2 B AN 5 BR 2 1 10 5 B SRR 43 KA
MRS 2y, N R R i MG RITEZ
M, x, A R 25 T DRI BRTTE . o, A B RS
i MR A ER, o, NERAIFEARRITTSH b
RS i AR FNER b JZER I ERAR AR S I 5 238 XA
SR . i Thompson (1990 ) Ay 41 & HE ZR F1 28 X A1,
TR R ARG 0, =1 -CY /CY e, =
1 - (C}’;_XM + C&/L—x/,, - Cg“'h-*‘h,‘n,- )/ C o

%z, Mz, N Bernoulli FEALAS &L, AR e I HEA
RIS b R A MA LMW 2, = 1, AN,
z, = 05 WERBAIFEA FLIC S 25 b JZ 4 j 4> W 45 A1
| g, = 1, &, z, = 0. F Bernoulli [fEHLZS &
WS, E G, ) = n,a,-

i Horvitz-Thompson fiti 31 & A {& 5 43 2 4 i1
L1 SRR

L
1 N,
E = — —F
(t4) N ; n, a,

! L ny !
Y}LLE (Zh, ) 1 N, Yo Tl Oy,

= BREE. B
oy, N = n, &= a,

vty 9 MARIGME R To i Al t o o, B975 22 -

2

1< S
= SN _ Zh
Y NZ}LZ1 WV, nh)”h 2)

Ny Ny

1 -1
Si = ﬁz th,yh,(ahij )
Rzl j=1

@, Ay,

W REA T 2% 5, AVER S, BITTAR ¢, D7 22 A Al i

2

1 L
v, =ﬁZNh(Nh—nh) G)
N i=

Sh
n,

ﬁ%ﬁ=ﬂii”““%%‘wﬁ%ﬁﬁ
N, == Qi o, a;
I v K7 W S = S (AR SR NI T )
Thompson (1990 ), 7] LAAHAI ¢, Fl v, J& Jofw 4 - ),
v G RN R G 2

X R B i Al A U 4 T R, W] DA
1, B —Fh 5 T Horvitz-Thompson 43 2 [ i Jf
VAl BE A T I PR 22 4 48 1 19 Horvitz-Thompson
L ¢

2 W XD S R R

2.1 WS AR

WF5E b A T N 5k P AR A 68 B JR T B
B, B & K, B8 A SRR 58 7 HI B 2
VG B A VB RE o BT IX TR AR A S PG e B
E BV 9 2 8 km BYAT Y 5 Ak U 6] 5 22 A A VD
T PRI B, AL TR B X S W B A AL S A A
ST (R0 AR B, S AR IR T ORI X . BF ST X
FEIF AR R V& (Elaeagnus angustifolia ), T %
HEA W B A B R
( Haloxylon

(Nitraria tangtorum ). ¥ 18
|
chinensis ). # #% (Hedysarum scoparium ). £ JX JK
(Kalidium  foliatum ). ¥r £ % % JL (Caragana
korshinskii JFNY> i Artemisia ordosica )% . FIEELAR
¥ A vk (Agriophyllum  squarrosum ). 77
(Phragmites australis ) VP ¥E (Psammochloa villosa ) Fl1
VO HLTEE AL (nula salsoloides )% o
2.2 FEHLECE SRR AR

TSGR A XV N, R EA D B DR A
B KA H, A A 1000 m x 1 000 m, 3% K FE
Ho %] 73 100 BT ALK 100 m x 100 m FEHu. P45
FEASFEHLRIZY H9 100 4> 10 m x 10 m f9/NRETT o LU
1LV R AR A B T /IR D AR R AL

VAT N 35 100 m x 100 m FE Hb (19 45 5 AE b
T AR S A SRR 3 4 A b T 98 ) A = 4 b 2 AR A
FEHAE RFE b 0 07 8 B N TR IR+ R R
JE (em ) PR FA Tl A A A R AR D R i AR B T
PRAT BE BEH 2K B W A . W A& H O
PABEAS/INEETT (10 mox 10 m ) g B {37 1 47 76 4 bk 5
R A, 20 PR A AR AR M AE R SRR 2 107
ko

AT G LA AL 25 B B AR W W 58 B Ak, e R
= RO VA S i TR N U S B W A S B TR Y
T AERR AT A AR RS B AT

ammodendron ) . ( Tamarix



B

46 %

1000
900} 2 3 B R BT R
800
_ 700k ‘g AR BRAE SR — B AR I AL €, = 0, 3
= 600
S Dk FHMEC > C,
& 3 00 . L AV @
£ nf A I H A6 4B 7 10T A2 ) B A i)
300 Y > D% > o o fr
0op . o - A 04 % P I 5 5 DL R 50 i L
WE ot & apas  HEERFIE UG B L Thompson
0 1 ¢ 1 1 1 2 N
0 200 400 600 800 1000 (1990 ) I IH 4 45 2007 ).
Wkl B T A VA R A R 4 1 2 e L %
Lo X BV SR U R K/ il A LE pi (i = 002,
K2 fERa A ) N pi ; P
Fig.2 Distribution of Hedysarum scoparium 0.04,0.06,0.08 iﬁ] 0.1), %ﬁﬁhﬁ HS /}:IL/TT 5 000
#1 BRLRE S R Z 5
Tab. 1 Simulation population experiment parameters
6 E T ERLNSY ] SR ITIE BT 2% SR IT AL =51
U E ) T\ Population total Mean value Variance of Number of Number of
nit area value of population population population unit Stratum
10 m x 10 m 2 107 0.210 7 5.647 5 10 000 2
20 m x20 m 2107 0.842 8 34.993 288 16 2 500 2
40 m x40 m 2 107 3.3712 200. 620 610 56 625 2
50 m x50 m 2 107 5.2675 365. 020 943 75 400 2
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W PR 22 EE B ES B R 1, - 1 BT
HFLN 50 m x50 m ) E K GhEE L R 0.02 ),

x2 RZZHER
Tab. 2 Stratum parameters information
T TE R BE 2 HITAN B
Unit area Stratum code Number of stratum unit
1 1473
10 m x10 m 5 8 527
1 665
20 m x20 m 5 1832
1 300
40 m x40 m 5 325
1 110
50 m x50 m 5 290
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Tab. 3  Hedysarum scoparium density estimator based on stratified resampling

BLEMR L B ) EG ) E() EG) EGW) EGW) EW) EGW) E() E() E() E ()

Unit area

0.02 0.21065 0.026 84 0.21095 0.018 89 0.21094 0.01889 0.21120 0.019 11 0.209 71 0.018 23 0.209 48 0.000 61
0.04 0.21009 0.01328 0.21065 0.00931 0.21065 0.009 31 0.21055 0.009 38 0.206 30 0.008 57 0.20528 0.000 14
10 mx10 m 0.06 0.21126 0.008 62 0.21120 0.00599 0.21120 0.00599 0.211 16 0.006 04 0.20544 0.00528 0.204 03 0.000 06
0.08 0.208 56 0.006 17 0.209 71 0.004 37 0.209 71 0.004 37 0.209 53 0.00440 0.20326 0.003 72 0.201 19 0.000 03
0.10 0.21116 0.004 94 0.21072 0.00345 0.21072 0.00345 0.21071 0.003 48 0.20270 0.002 81 0.200 51 0.000 02
0.02 0.83965 0.64186 0.84364 0.35824 0.84364 0.35824 0.84335 0.35821 0.83423 0.33905 0.83356 0.029 33
0.04 0.84211 0.31860 0.83711 0.17390 0.83711 0.17390 0.837 14 0.17393 0.82322 0.15525 0.82229 0.006 52
20 mx20 m 0.06 0.83829 0.21146 0.84207 0.11843 0.84207 0.11843 0.84201 0.118 45 0.82260 0.100 07 0.821 58 0.002 80
0.08 0.84667 0.15432 0.84200 0.084 54 0.84200 0.08454 0.84209 0.08456 0.81527 0.06668 0.81415 0.001 32
0.10 0.84972 0.12059 0.85266 0.067 34 0.85266 0.067 34 0.85238 0.067 34 0.82188 0.05005 0.82008 0.000 77
0.02 3.32194 14.52547 3.32574 7.58270 3.32609 7.59545 3.32083 7.65957 3.30476 6.761 15 3.27234 1.296 21
0.04 3.36506 7.35138 3.33663 3.71498 3.336 63 3.71498 3.33646 3.75282 3.31383 2.87405 3.256 11 0.265 56
40 m x40 m 0.06 3.37132 5.07230 3.37261 2.59710 3.37261 2.59602 3.37229 262337 3.33077 1.76023 3.243 68 0.111 03
0.08 3.39117 3.55193 3.36007 1.79759 3.36007 1.79759 3.36069 1.81745 3.30201 1.00389 3.181 82 0.043 36
0.10 3.376 11 2.768 55 3.35408 1.41354 3.35401 1.41378 3.35440 1.428 07 3.28621 0.66228 3.14595 0.022 39
0.02 5.190 39 40.880 76 5.218 39 15.199 35 5.218 58 15.281 95 5.21559 15.22578 5.201 17 14.046 11 5.173 14 10.289 41
0.04 5.31956 20.377 13 5.21515 7.22795 5.216 12 7.20286 5.23659 7.31954 5.15088 5.808 98 5.12577 2.079 00
50 m x50 m 0.06 5.311 15 13.109 99 5.33094 4.806 07 5.33034 4.770 13 5.32397 4.800 60 5.248 15 3.230 66 5.176 53 0.742 07
0.08 5.250 66 9.616 54 5.244 57 3.48328 5.24530 3.45654 5.25299 3.51323 5.16572 1.92459 5.10540 0.320 40
0.10 5.27691 6.68297 5.29895 2.49587 5.29895 2.49587 5.29464 2.49497 5.211 18 1.00636 5.14652 0.114 27
B4 IR T AL A o R 9 5
Tab. 4 Hedysarum scoparium density estimator based on unstratified resampling
fjﬁj oi E () E (v ) E (1) E () E () E (v, )
0.02 0.208 72 0.027 28 0.208 98 0.019 50 0.208 04 0.018 75
0. 04 0.207 70 0.013 41 0.208 23 0. 009 56 0.204 32 0.008 74
10 m x10 m 0. 06 0.210 78 0. 008 88 0.210 71 0. 006 27 0.205 20 0. 005 47
0.08 0.207 50 0. 006 32 0.208 63 0. 004 55 0.202 56 0.003 82
0.10 0.210 97 0.005 10 0.210 53 0. 003 62 0.202 70 0.002 91
0.02 0. 839 65 0. 678 09 0.843 64 0.395 43 0. 836 83 0.370 94
0. 04 0.842 11 0.336 36 0.837 11 0.191 32 0. 825 57 0.168 26
20 m x20 m 0. 06 0. 828 32 0.217 69 0.832 10 0. 127 05 0.816 73 0.105 10
0.08 0. 846 67 0. 162 88 0. 842 00 0. 093 00 0.817 19 0.071 39
0.10 0.849 72 0.127 36 0. 852 66 0.074 09 0.823 62 0.053 31
0.02 3.444 33 16.590 12 3.445 20 8.979 22 3.438 22 7. 888 39
0. 04 3.365 06 7.745 55 3.336 63 4.083 98 3.339 31 3.077 34
40 m x40 m 0. 06 3.323 13 5.180 36 3.325 60 2.773 15 3.323 39 1.813 40
0. 08 3.391 17 3.739 94 3.360 07 1.969 95 3.318 48 1. 058 00
0.10 3.400 23 2.960 68 3.377 38 1.572 08 3.308 66 0.706 66
0.02 5.379 46 54.491 90 5.392 30 24.842 40 5.580 48 21.693 39
0.04 5.168 17 23.615 38 5.079 70 10. 495 00 5.235 50 7.467 64
50 m x50 m 0. 06 5.054 67 14. 545 55 5.095 63 6.679 08 5.258 87 3.817 36
0.08 4.946 87 10. 334 02 4.967 64 4.706 22 5.149 91 2.137 28
0.10 5.276 91 8.192 52 5.298 95 3.759 03 5.286 01 1.254 84
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