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Abstract

This study was objectively done to compare between estimated growing stocks from sampling using rectangular, square, and
circular plot and complete enumeration and assess efficient sample plot shape for inventory. Jaldevi and Panchkanya community
forests (CF) of Chitwan district in Nepal were selected for study. Complete inventory and systematic sampling with varying shapes
were applied. Altogether 135 plots were measured; 15 plots for each stage (tree, pole, and sapling) and each plots shape. The
diameter and height were measured, and numbers of plants were counted. Time was recorded for plot layout and measurement
and calculation. Growing stock was calculated and compared for both data obtained from complete inventory and sampling with
varying shapes. Result showed that, stock density was 121 trees/ha in total enumeration, while estimated values were 120+16,
116+13.94 and 108+12.3826 trees/ ha from sampling using circular, square and rectangular plots respectively. The difference
in stand density was 1, 5 and 13 tree/ha with the value of complete enumeration and estimated from sampling using circular,
square and rectangular plots respectively. Similar differences were found between values of basal area and volumes estimated using
different shapes and complete enumeration. However, the One-way ANOVA showed that, none of stocks (density, basal area and
volume) was significantly differed (P >0.05) and so as independent t-test (P>0.05). It was the highest estimated value of E2 T with
33582.51 for rectangular shape and least 11226.62 for circular plot of stand density/ha at tree stage. So, the circular shape is more
efficient for forest inventory. Keywords: Inventory; Sampling; Plot shape; Growing stock; Sampling efficiency.
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Introduction

. . . . forest in Sweden. The systematic strip sampling was used to carry
It is believed that, surveying and inventory of trees was started

. " . ) out the inventory during 1830’s [5]. Furthermore, Schumacher and
since late 18™ century [1]. But there was a misconception of fear

. . . Bull (1930) began the formalization of sampling methods in forest
that wood would run out. Another interesting storey about this o ) ] ) )
N . . N inventories in the United States, introducing the sampling errors
was estimation of volume and dispersal of tree in 19* century [2]. ; 6l Th | N ¢ |
. . . . as its part of process [6]. There is no long history of application
In fact, the harvesters did this task in small forest tracks applying p p (6] J y PP
. . . . . . of satellite imagery in forest inventory, first time it was used for
visual observation technique. This was starting of inventory work.

. . mapping the forest in 1980 [7]. In recent years, information from
After that, it was noted that there was a possibility to reduce cost 7 ]
. . satellite images and drone tools and techniques have frequently
using representative samples [3]. So, Loetsch et al. [3] stated that

. . . . , . been used in forest inventory [7,8].
visual estimation was used until 1940’s in Germany. Then, the y[7.8]

visual estimation was combined with statistical estimates in order
to reduce the bias [4]. In this way, the statistical tools were gradually
introduced in forest inventory between 1900 and 1920, primarily

in Scandinavia [3] but this study was only done for small scale

It is even interesting storey of forest inventory in Asia. The
former Agriculture and Forestry Ministry (AFM) of China organized
first time forest inventory in 1950 t01962, collaboration with the

provincial forest departments [9]. Bhutanese forest experts first
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time done the forest inventory in 1974 with the support from
India (DOFPS, 2012). Similarly, Indian history of forest inventory
showed that, the inventory was started in eighteenth’s century in
Indian forests. However, the robust method was adopted after 1965
applying the ground-base data and Arial photography together
[10]. The late 1970s and early 1980s, were considered as important
era in forest inventory in India. These days, the forest inventory is
regular work in India, it is in every 2-year using satellite image as
well [11].

More importantly, history of forest inventory in Nepal was
started after 1960’s. The First National Forest Inventory was
carried out between 1963 and 1967 in Nepal with the technical
collaboration of USAID. That time, the aerial photographs was used
in inventory (FAO, 2007) [12]. Then, Nepal has been practicing
general inventory in every 10 years period (LRMP, 1986). The
recent inventory was done in 2010-2014 (DFRS, 2015) [13].

Assessing and measuring the trees and their characteristics
provide significant information for planner and policy maker.
Specifically, growing stock is very important component which
gives the information about number of plants, basal area, volume,
biomass, increment and carbon stock per unit area [14]. Indeed,
important issue in inventory is precision which have been
overlooked so far [15,16]. The estimation of forest parameter
requires highly precise data and so as proper selection of sampling
method [17]. The determination of appropriate number of sample
plot and choice of pertinent size and shape of sample plot are
needed to estimate the growing stock precisely [18]. Otherwise the
result may have high uncertainty in stocks prediction and failure
in implementation of forest management plan [19]. Specifically,

growing stock and plant diversity [20] because the sample plot
shape determines the number of plants in the sample. Even a single
tree in and out can make large differences to estimate the growing
stock, further analysis and ultimately management prescription.
Realizing, this research problem, the study was objectively carried
out to assess the effect of sample plot shape in estimation of
growing stock (stand density, basal area, and volume) and to find
the most efficient sampling design.

Materials and Methods

Based on available information from division forest office
and discussion with experts, 2 Community forests (CF) namely
Jaldevi CF and Panchakanya CF of Chitwan district were selected
as study sites. Chitwan district lies in Province No. 3 and occupies
2, 23,970 ha area. Its latitude is 27°36'21.60" North and longitude
is 84°22'47.28" East. The elevation ranges from 141-1147m. Out
of total land area, forest area covers 1,47,490 ha (65.8%) including
national park. Total population of the district is 5,79,984 among
which 51.5% (3, 00,897) are female and 48.5% (2, 71,087) are
male (CBS) [12]. The selected community forests comprise various
stages of plants specifically tree, pole and regeneration in different
strata.

Jaldevi community forest

This CF is situated in ward number 2 of Bharatpur municipality
(Figure 1). The area of the community forest is 197.87ha but the
productive forest area is only 185ha. Total 600 households are the
user of this CF. The slope range is 0°-10°. It is natural forest type
with Shorea robusta as dominant species and Terminalia tomentosa,

Cleistocalyx operculatus, Mallotus philippensis etc as associate

various studies suggest that plot shape matters on estimation of  species.
=
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Figure 1: Map of study area showing Nepal, Chitwan district and two community forests. Note: in figure a: Map of Nepal; b:

Map of Chitwan district; c: Panchkanya CF and d: JIdevi CF.
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Panchakanya community forest

Panchakanya CF is situated in ward number 11of Ratnanagar
municipality (Figure 1). The estimated area of community forest
is 198.73 ha but the productive forest area is 182 ha. The Shorea
robusta, Acacia catechu, Trewia nudiflora, and Dalbergia sissoo are
major plant species in the forest. Total user of this forest is 1807
households.

Data collection and analysis

The primary and secondary data were collected to conduct this

research work. A preliminary survey was carried out initially to

conceptualize the situation and to identify the appropriate site for
field data collection [22]. The selected forest areas were surveyed
and mapped (DoF) [23]. The experimental area was delineated
inside the forest for tree, pole and sapling having 2.5, 0.5 and 0.125
ha respectively. Forest inventory was conducted in two stages. In
first stage, the forest area was completely inventoried. Secondly,
sampling was done systematically using predetermined sample plot
shapes viz. rectangular, square and circular. Sample plots having
500m?, 100m?, and 25m? were adopted for tree, pole and sapling
respectively (DoF) [23]. Altogether 135 plots were measured; 15
plots for each stage (tree, pole, and sapling) for all three shapes
(Table 1).

Table 1: Sample plot shape and size according to strata. (Source: DoF, 2004).

. Size of Sample Plot Radius for Circular | Sides for Rectangular | Sides for Square Plot
Stage of the Plant Size of Plant (m2) Plot (m) Plot (m xm) (m xm)
Tree DBH 230 cm atbreast 500 12.62 25x20 22.36x22.36
height
Poles 10 to 29.9 cm DBH 100 5.64 11.18x8.94 10x10
Sapling >1m ht & <10cm 25 2.82 5.59x4.47 55
diameter

Sample plots were allocated maintaining the uniform spacing of
sample units. The sample plots were laid in such a way that all the

plot shapes (i.e., square, rectangular and circular) would have same
plot centre (concentric approach) covering a same area (Figure 2).
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r=radius (circular plot)
d=daigonal(square plot)

. D D=diagonal(rectangular plot)

c= plot centre

Figure 2: Sampling design for Rectangular, Square and Circular plots with same plot center.

Plot lay out

Firstly, the tree plot was designed and then pole as well as
sapling plots were set accordingly. The length and width having
200mx250m specified for sampling. Inside it, 15 sample points
were allocated maintaining equal spacing 40 m plot to plot and line
to line. Then, the tree plot was established with 25mx»20m for tree
and concentric plots for pole and sapling were made having size of
10mx10m and 5mx5m. respectively. The circular plots were also
established maintaining the same respective areas.

Measurement

The plants inside the plot were tagged. The diameter and

height were measured using D-tape and Range finder respectively;
species were noted and recorded during complete inventory and
all the measured trees were tagged. Time taken for plot lay out to
measurement were recorded. Besides, the secondary data were
collected from different sources such as district five years forest
management plan, community forest operation plan, journals,
reports, books and research papers.

Collected data were analyzed using simple mathematical as well
as statistical tools. Calculation of growing stock particularly stand

density, basal area and volume was done using following formulae;

Density of plants=No. of plants/ ha
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xd?

Basal area= " 1‘[;1 (Chaturvedi and Khanna, 1994)
dZ
Volume= 2 xhx ff’

whereas, d= DBH, h= height and ff is the form factor i.e. 0.5
((DoF, 2004).

Appropriate inventory method for the forest can be determined
by
(E %) * xT

Whereas, E% = percentage of sampling error and T =total
inventory time (FAO, 1992).

Statistical analysis

Both descriptive as well as inferential statistics were used.
The collected were examined their normality using Shapiro-
Wilk normality and that performed normal. So, one-Way ANOVA

was applied to compare the result among the total enumeration,
sampling with rectangular, square and circular plot shape.

Result

Growing stock status based on complete inventory and
varying plot shapes

Growing Stock Status in Tree: In the complete inventory,
stock density was 121 trees/ha, while the estimated values were
120+16, 116+13.94 and 108+12.3826 trees/ ha from sampling
using circular, square and rectangular plots respectively. Basal area
was found to be 25.72 m?/ha in complete inventory while estimated
values were 22.29+2.75, 22.01+2.01 and 21.65+1.99 m?/ha from
sampling using circular, square and rectangular plots respectively.
The volume of trees wsas found to be 251.59 m3/ha in complete
inventory while the estimated values from sampling using circular,
square and rectangular plot were 229.78+29.17, 228.29+21.36 and
224.17+21.34 m3/ha respectively (Table 2).

Table 2: Growing stock status in Tree, Pole, and Sapling. (Source: Field survey, 2019).

Stage/ Tree Pole Sapling
GG Stand Density Basazl Area Volume (m3/ Stand Density Basa;l Area Volume (m3/ | Stand density
(N/ha) (m?/ha) ha) (N/ha) (m?/ha) ha) N/ha
Complete 121 25.72 251.59 787 19.86 168.85 2587
Circular (Meant S.E) 120+16.26 22.29+2.75 229.78+29.17 760+43.49 19.78+£1.9 165.77+19.13 2400+275.65
Square (Mean# S.E) 116+13.94 22.01+2.01 228.29+21.36 748+45.56 18.91+1.88 158.39+17.36 | 2293+273.25
Rectangular (Meant S.E) 108+12.38 21.65+1.99 224.17+21.34 740+37.54 18.36%1.75 154.18+17.3 2208+313.42

Growing stock in pole stage: In the complete inventory,
787 stands /ha were recorded, while the estimated values were
760+43.49, 748+45.56 and 740+37.54 stands/ ha applying circular,
square and rectangular sample plots respectively. Basal area was
19.86 m?/ha in complete inventory, but the values were around
19.78+1.9, 1891 #1.88 and 18.36%x1.75 from sampling using
rectangular, square and circular plots respectively. The volume was
168.85 m3/ha from total enumeration, while the estimated values
were 165.77++19.13, 158.39+17.36 and 154.18 +17.3 m®/ha from
sampling using circular, square and rectangular respectively (Table
2).

Growing stock status in sapling: In the complete inventory,
2587 saplings/ha were recorded, while estimated values were
2400£275.65, 2293 +273.25 and 2208+313.42 saplings/ ha from
sampling using rectangular, square and circular plots showed the

respectively. The values of circular plots were very close to the total
enumeration.

Comparison of Growing Stocks using Complete Inventory
and Estimated using Sampling with Various Plot Shapes

The result showed that, there was some level of differences in
stand density, basal area and volume between the value of total
enumeration and sampling using different shapes. The differences
in stand density were 1, 5 and 13 tree/ha calculated from complete
enumeration and estimated from sampling using circular, square
and rectangular plots respectively. The estimated basal area
per ha and volume per ha using sampling of circular, square and
rectangular showed underestimated by 3.43, 3.71, and 4.07 m?/ha
respectively as well as 21.81, 23.3,and 27. 42 m>/ha simultaneously
with complete enumeration (Table 3).

Table 3: Differences in growing stock of varying plot shape with that of complete inventory. Note: CI- Complete Inventory, RP
-Rectangular Plot, SP-Square Plot, CP-Circular Plot. (Source: Field survey, 2019).

Difference Tree stand Pole stand Sapling
in Values
(Complete & Stand Density Basal Area Volume (m3/ Stand Density Basal Area Volume (m3/ Stand Density
Sample) (N/ha) (m2/ha) ha) (N/ha) (m?/ha) ha) N/ha
Cland CP 1 3.43 21.81 27 0.08 3.08 187
Cland SP 5 3.71 233 39 0.95 10.46 294
Cland RP 13 4.07 27.42 47 1.5 14.67 379
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In pole stage, the difference in values with complete inventory
as well as circular, square and rectangular plot shapes also
underestimated and hence differences in stand density were 27, 39
and 47 stands/ha, in basal area were by 0.08, 0.95 and 1.5 m?/ha,
and in volume were 3.08, 10.46 and14.67 m®/ha respectively (Table
3). The values in in sapling stage, also showed underestimated in
stand density by 187, 294, 379 N/ha in sampling with circular,
square and rectangular respectively with complete enumeration
(Table 3).

Stand density (trees/ha), basal area (m?/ha), and volume (m3/
ha) from complete inventory and sampling with rectangular, square
and circular sample plots were compared using One-way ANOVA.
Statistically, the result showed that, none of them were found
differed significantly (P >0.05) at 5% level of significance. Similarly,

independent t-test also showed, there was no significant (P>0.05)
difference between the value from total enumeration and estimated

value from sampling using different shapes.

Efficient plot shape for forest inventory

The product of square of Errors and Time (E*xT) taken was
estimated for growing stock to understand the efficiency in
measurement of sample plot. The highest E*xT was found in
estimated value using rectangular plot and least value using
circular in case of growing stocks at each stage of the plant.
It was the highest estimated E?T 33582.51 using rectangular
shape and the least 11226.62 using circular plot of stand density/
ha at tree stage. So, the circular shape is more efficient for forest
inventory (Table 4).

Table 4: Value of E2T values in estimated growing stock. (Source: Field survey, 2019).

Errors in estimation: E
PIGTehane Tree Pole stock Sapling
. 3 . 3
StalEdN/Dh(:;sny B(aniz;l/ix:;a Volmlrll:)(m / Stalzlt\iI /dl:e;))snty B?:;l/ﬁ;()ea Volulltllae)(m / Density (N/ha)
Circular 12.38 1.99 21.34 37.54 1.75 17.3 273.25
Square 13.94 2.01 21.36 43.49 1.88 17.36 275.65
Rectangular 16.26 2.75 29.17 45.56 1.9 19.13 313.42
Total time taken (minutes): T
Tree Pole stock Sapling
Stand density Basal Area Volume (m3/ Stand density Basal Area Volume (m3/ D
(N/ha) (m2/ha) ha) (N/ha) (m?/ha) ha)
Circular 73.25 106.4 139.55 57.13 72 86.87 30.82
Square 107.32 140.4 173.48 80.75 97.12 128.48 58.17
Rectangular 127.02 158.57 190.12 96.18 112.33 113.48 66.32
Values of E?xT in growing stock
Tree Pole stock Sapling
. R . R
Star(lg /dl:e:)sny B(ans:;l/?lr;‘e;a VOluI;:;) (m3/ Stal(l;\i] /dl:e;;snty B;lz:l/ﬁ;()ea Volurlrll:)(m / Density (N/ha)
Circular 11226.62 421.35 63550.46 80510.54 220.5 25999.32 2301192.64
Square 20854.81 567.23 79150.18 152728.94 343.26 38719.97 4419926.6
Rectangular 33582.51 1199.19 161771 199642.13 405.51 41528.79 6514752.63

Discussion

Growing stock status based on complete inventory and
varying plot shapes

The current study basically emphasizes on variation in stand
density, basal area and volume according to the sample plot shape.
According to Kangas and Maltamo [5], as circular plots represent
the geometrical figure of lowest perimeter for a given size, they
reduce the number of edge trees compared to other plot shapes of
the same size. This is matching with the findings of our research.
Also, the current study is in line with the study carried out by Paul
etal. [24] in New Zealand. It shows that, the estimated stem density
of large diameter trees based on trees measured in circular plots
was close to the value of total enumeration.

The estimated value using square plot showed close to the
value of total enumeration, but it was the highest differences in
estimated growing stocks using rectangular plot. This finding was
also supported by Bormann [25], the longer and narrower the plot
is, the greater is its periphery in comparison to a square plot of the
same area. Thus, the greater would be the possibility for making
cumulative edge errors. The edge effect depends up on the sample
plot shape and size [26].

Almeida et al. [19] reported similar result, comparing sampling
methods based on plots of fixed area and based on a fixed number
of trees. The average DBH, the average Height, the number of stems,
the basal area and the volume of each plot were obtained for 30
plots for each of the three methods (Fixed area of rectangular plot,

Fixed area of circular plot and Fixed number of trees) of plot setup.
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There was less differences in values estimated using the circular
plot than circular plot. But, t-test with 95% of confidence level,
none of them were found differed significantly.

In contrast, Mirzaei and Bonyad [27] when compared the mean
basal area derived from the systematic random sampling and
transect sampling methods with the actual value of these variables
derived from the 100 % inventory found that the two sampling
methods showed significantly difference in the values. This may
be due to applying less sampling intensity (10%) in their study
in comparison to current study (30%), as the higher sampling
intensity, the more representative the result is.

Efficient plot shape for forest inventory

The efficiency of estimated values using different sample plot
shape was studied with respect to time and the estimator using (E
%)*xT. The total time taken to layout the plot, measurement and
analysis were recorded for each plot at all stages to conduct this
study. The least time was recorded for circular plot, but the highest
time was recorded for rectangular plot sampling. This study is in
line with the finding of study done by Pellico et al. [28] in which
form of sample units was analyzed considering the minimum total
time spent to locate and measure them. According to Mirzaei and
Bonyad (2016), the most appropriate inventory method for the
forest can be determined by (E %)*xT, the method with lowest
(E %) *xT is the most economical for ease and speed [29]. The
estimator (E %) *xT for the circular sample plot was lowest among
the square and rectangular plots in our research as and thus more
economical for the study [30,31].

Conclusion and Recommendation

Among three plot shapes (circular, square and rectangular),
estimated value obtained using circular plot showed the highest
stand density, basal area and volume which was very close to the
value obtained from total enumeration. The differences in values
of growing stock estimated using rectangular plot was the highest
than the value of total enumeration. The E*T value was the highest
for rectangular plot and least for circular plot. So, the circular plot is
the most efficient for forest inventory. This study was done in plain
area so similar types of study should be carried out in hilly areas to
find the efficient method.
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