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STUDY ON WATER STORAGE CAPACITY OF THE

SURFACE SOIL PORE OF DIFFERENT LAND-USE

TYPES:A CASE STUDY IN LIENHUACHIH RURAL
AREA

Chun-Wei Tseng'~  Ming-Chiech Chen® Tsung-Yao Tseng® Chieh-Lung Lin'

[ Abstract] Geometric arrangement of soil particles form various sizes of soil pores,
the composition will affect the processes of conduction and accumulation of water in
the soil. Soil porosity value can understand the degree of loose soil , water and air  take
advantage of the volume of the amount. The purpose of this study in the understanding
of water storage capacity of the soil pore. To select the betel nut and fruit orchards,

slopes betel, abandoned orchards and orchards etc., 4 kinds of common local land-use
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Assistant Scientist, Division of Watershed Management, Taiwan Forestry Research Institute, Council of
Agriculture, Executive Yuan. *Corresponding Author. E-mail : al211@tfri.gov.tw
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types in Lien-Hua-Chih rural areas. Calculate water volume per hectare with soil coarse
porosity, explore the effects of water resources conservation capacity of different
land-use type in surface soil. The results showed that the betel nut and fruit orchards test
area is the best, followed by the abandoned orchards, slopes betel nut groves, fruit

orchards.

[ Key words] Land-use, soil coarse porosity, water resources conservation.
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2.60 ~ N THRELEE Fy 2.67 F AT &Ry 2.69 > AHfF5E > 4 (Eztbelm 1L E DIFE
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— i E > AAMHER AT EED > 138 E5AatEE - iRAHERE
KOS AT IR - (EFRERR PR A 5 ELpe(Erte 998 - e o 38 Sy iiH
ZEFLIE > Mt RIEE A RY) > o] (e T BRI s LR - A
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= 1. SEERE 2 HRYEIEE e R
Table 1. The results of physical properties of soil samples in experimental zone.

TERSRCREE  SotiEflE  BEEERER

AR ESBE  HRE e AR
SEHILARS T (g/om’) 1.75 1.62 1.65 1.70
it 2.61 2.64 2.69 2.66
Bl (9) 68.97 31.60 61.86 59.68
ik (%) 16.64 28.82 21.99 21.77
S5 (96) 14.39 39.58 16.15 18.55
s WESCE  RESL  DEML B
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T e S tt > S FE SR B> AR > SR - EEE (R (ESE (2015) FHEEINMRIA
o~ AT S N TR 88 FLIS 2 R P F LR REE R A0FR 3 Ao AW9T2 4
{EEERE 2 S8 F LI ROt LB E AT NP AR - (EFERE R SRt 2 S
PRAFLIE AL N TARARAT - FLRR BB GBS I 7 SLfet Ry AR 2 SRl - BfERlR
HEE RFIVRHEE RERER - B SRAEIRE M B FLIR AV -

R LT FLIE RS B TR LR & 7KEE T TR A/ KRURE BE
IRFER IR BRI FRK i K & o DATEHURRE 30ecm Rat B - Ff
ST FLIR RS DA SR RS - SR EALRE 1 AHEY IR E KE » 51
K EKENZR - STESEENFR 2 B EEERRE b 2585
316.8 m’/ha » HAREEEERE - WHIERIE - BE -

% 2. BBl 2 HIBEFLE R TER

Table 2. The results of physical properties of soil samples in experimental zone.

ERERCREE  sotiEffE  EEREE RERRE

BN B .
SEELEFLEE (%) 35.77 45.91 38.55 36.79
SEEPRFLRE R (%) 10.56 7.53 8.61 6.65
TIERA LR E /KA
s 316.8 225.9 258.3 199.5
(m’/ha)

=3 R NI TSR PEAE LR F oI AL RS R
Table 3. The results of the average of total porosity and coarse porosity of. natural forest,

plantations and artificial turf

Gt PN AT Ak ANTEH,
SEHREFLRER (%) 60.09 57.06 42.37
SEEREFLRER (%) 14.37 11.27 7.43
TIPS E /KRE

3 431.1 338.1 222.9

(m’/ha)

(5IHHEE#ES > 2015)
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SPATIAL AND TEMPORAL VARIATIONS IN SOIL WA-
TER DYNAMICS IN A HEADWATER CATCHMENT
DURING TYPHOON SOUDELOR IN 2015

Wei-Li Liang'  Sheng-Lun Li*

[ Abstract] Typhoon Soudelor brought a heavy rainfall event with high rainfall in-
tensities and a short duration in 6~8 August 2015, which caused many slope failures in

Waulai District. During the rainfall event, we monitored soil moisture in shallow soil

U TR A AR R AR o IS - BT ¢ liangwl@ntu.edu.tw
Associate Professor, School of Forestry and Resource Conservation, National Taiwan University. Corresponding
Author. E-mail: liangwl@ntu.edu.tw

? BT AR R R 2 g B

Research assistant, School of Forestry and Resource Conservation, National Taiwan University.
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layers, pore water pressure at the soil-bedrock interface, and rainfall-runoff responses
in a small headwater catchment, located upstream of an erosion gully beside Tsukeng
stream at the Fushan Research Center, Forestry Research Institute. Soil moisture rap-
idly responded with the changes of rainfall intensity, which was mainly controlled by
vertical infiltration of rainwater. The maximum value of average soil moisture at all
monitoring points was recorded at the occurrence of the peak of rainfall waveform.
The responses of pore water pressure at the soil-bedrock interface were slower than
soil moisture. Despite the perennial saturation resulted from groundwater, ephemeral
saturation at the soil-bedrock interface was caused by event rainwater. Runoff rapidly
responded with rainfall intensity, and there was no obvious delay between rainfall and
runoff responses. Thus, both soil moisture and runoff rapidly responded to rainfall in-
tensity. Although the responses of pore water pressure at the soil-bedrock interface
were slower, the amount of saturation could reach the maximum in a short duration af-
ter the peak of rainfall intensity, which would imply the potential timing or mechanism
of landslide or shallow slope failures.

[ Key words] Rainfall-runoff response, Subsurface saturation, Soil-bedrock interface,

Soil water content
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Fig.1 (a) Map showing the study area and the observation site in a headwater catch-
ment. (b) Surface topography, the locations of tensiometers, soil moisture probes,
and weirs installed at the observation site. The dash line in Fig. 1b indicates the
area of subsurface saturation measurement at the observation site.
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Fig.3 Temporal variations in rainfall intensity, cumulated rainfall, and average in-
creases of soil moisture at all monitoring points and each depth during typhoon
Soudelor.
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Fig.4 Spatial distributions of average soil moisture at 10~50-cm depths at 0 min (left)
and average soil moisture increases at 2420 (middle) and 3000 (right) min at
each monitoring location during typhoon Soudelor. The numbers in figures indi-
cate the values of average soil moisture or the increases.
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Fig.5 (a) Temporal variations in rainfall intensity, cumulated rainfall, average pore
water pressure of all monitoring points, and the amounts of subsurface saturation
at the soil-bedrock interface. (b) Spatial and temporal variations in subsurface
saturation at the soil-bedrock interface during typhoon Soudelor. Lateral lines in
Fig. 5b indicate contour lines of the soil-bedrock interface.

20



2016 7F7K7M(ﬂ—<7J<E£«< = Eﬂuj“ 1 1 24

Date (month/day)

08/07 08/08 0809 E
0 : J eo0 £
_E 8
gg 5 1 -400 £
gE 10 Rainfall L 200 ©
é —— Cumulated rainfall %
15 T T T T T T 0 g
2500 S
Weir 3: missing data —= — Weird
@ 2000 - } > — Weir2
€ 1500 - Weir2: |t Weir 3
; ) & missing data
10004 i i
J o X
® 504 3 )
0 e [ S S SRS Y, .
0 500 1000 1500 2000 2500 3000
Time (min)
B 6 #rEEIReE BN < MRS K RN R - =R B/KE R #th RIS B R ]
g1k -

Fig.6 (a) Temporal variations in rainfall intensity, cumulated rainfall, and surface run-
off monitored by three weirs during typhoon Soudelor.
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EFFECT OF CULM AGE ON TRANSPIRATION IN A
MOSO BAMBOO FOREST, XITOU, TAIWAN

Song-jun Lin' Tomonori Kume? Sophie Laplace® Wei-li Liang®

[ Abstract])To clarify the culm age effect on transpiration in bamboo forests, this study
conducted sap flux measurements in a Moso bamboo (Phyllostachys pubescens) forest
in National Taiwan University (NTU) forest, and separated bamboos into five age
classes (ie., born 2014, born 2013, born 2012, before 2012 newer, and before 2012
older). This study aimed (1) to show the variations of the age structure and DBH
distribution of the Moso bamboo forest for four years, (2) to quantify relationship

between culm age and individual sap flux, (3) to estimate the stand transpiration and
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contribution of each age class transpiration to total stand transpiration.

In this study, the distribution of DBH and age structure showed considerable
year-to-year variations in the four years. As well, the results showed that culm age
effected on the sap flux, that is, sap flux in older culms were significantly lower than
that of younger age culms and the new culms showed earlier peak time than older culms.
The annual transpiration of the study site is around 300 (mm/year) during July 2014 to
June 2015, and the contribution of each age class to total stand transpiration was
significantly different in accordance with sap flux and culm number in each group.
These suggest transpiration estimates in bamboo forests maybe under- or over-estimated
if we do not consider the age structure. Overall, this study concluded that culm aging
significantly affected bamboo transpiration and that consideration of culm age structure

is needed to understand stand transpiration based on sap flux measurements.

I ~ Introduction

Evapotranspiration is one of important hydrological components, which account
for 60% of annual precipitation (Jung et al., 2010). Moreover, the variations in
evapotranspiration among vegetation types can effect on water yield (Vertessy et al.,
2001). Evapotranspiration consist of transpiration, rainfall interception, and soil floor
evaporation, and the contribution of the transpiration to total evapotranspiration is
around 25% to 90% in forest ecosystem (Running and Coughlan, 1988; Gat and Matsui,
1991).

In Taiwan, the total area of bamboo forests is about 170,000 ha, which account for
7% of the total forest area in Taiwan, and Moso bamboo forests accounted for 1.9% of
the total bamboo forests area (Dai et al, 1973), but less of the research have
investigated water use of Moso bamboos in Taiwan. Moso bamboo forests had been
developed and managed in western Japan and China. However, these forests are now
being abandoned, thus been expanding by replacing surrounding vegetation such as
coniferous plantation forests and natural broadleaved forests (Kobayashi and Tada,
2010; Bai et al,, 2012).

Nowadays, still few studies investigated transpiration in bamboo forests (Kume et
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al., 2010; Komatsu et al., 2010; Dierick et al, 2010; Laplace, 2013). In stand scale
transpiration study based on sap flux measurements, Komatsu et al. (2010) showed that
annual transpiration of a bamboo forest was 567 mm in Japan with a distinctive
seasonal variation, and that the annual stand transpiration in the bamboo forest was
larger than that of other conifer forests (Komatsu et al., 2010). A research conducted in
a Taiwanese bamboo forest also showed some characteristics of sap flux (Laplace,
2013), in which the sap flux showed significant variations between individual culms.
This study also pointed out that annual transpiration of the moso bamboo forest was 489
mm, which was nearly three times higher than that of a cedar forest near the bamboo
forest. (Laplace, 2013).

Although these researchers examined some important characteristics of bamboo
transpiration, such as individual-scale sap flux characteristics, and annual stand
transpiration, the effect of culm age on bamboo transpiration and inter-annual variations
in stand transpiration are still not documented. Note that bamboo forests produce new
bamboo shoots every year (Lobovikov et al., 2007), suggesting the number of new
bamboo shoots fluctuated significantly among years. This phenomenon would change
the age structure of bamboo forests every year (i.e., composition of different culm ages
individuals). Thus, examining how individual and stand transpiration in bamboo forests
can change with the culm age and stand age structure, respectively, is indispensable to
understand inter-annual variations in stand-transpiration in bamboo forests.

This study aimed (1) to clarity variation of age structure and DBH distribution of
the Moso bamboo forest for four years, (2) to quantify relationship between culm age
and individual sap flux in terms of diurnal patterns and day-time mean values, (3) to
estimate stand transpiration and contribution of each age class transpiration to total
stand transpiration and (4) to examine impact of age structure on the stand-scale

transpiration estimates.

IT ~ Material and Method

(DStudy site

The study site is situated in Xitou Experimental Forest of National Taiwan
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University, located in Lugu township of Nantou country, Taiwan (120°48’E, 23°40°N).
The mean annual precipitation and temperature were 2635 mm and 17 °C, respectively,
according to long-term data recorded at a meteorological station in the experimental
forest. We established a 425 m” experimental plot in a Moso bamboo (Phyllostachys

pubescens) forest in 2012.
(IT) Measurements

1. DBH and age structure determine

First, we measured the DBH of all culms in study site in May of 2012. Then we
recorded DBH of newborn culms in each year to help us to distinguish culm age. We
determined the distribution of DBH and culm age structure. In this study, we separated
sample culms into 5 groups by culm age which include “Born 2014”,”Born 2013,
“Born 20127, “Before 2012 newer”, “Before 2012 older”. As there is still no good way
to clearly identify the culm age from the appearance of culms, we could not identify the
culm age of culms which born before 2012. In this study, we separated the culms which
born before 2012 in two groups, by using the eye to determine the status of the bamboos.

There are 5 to 8 culms were selected for sap flux measurement in each groups.

2. Sap flux measurement
We used Granier’s thermal-dissipation probes (TDP) to measure the sap flux of 34

individuals in the bamboo stand (Table 1.).

Table 1. The basic characteristics of age groups

horn 2014 born2013  born 2012 hbefore 2012 new hefore 2012 older

Numbers 5 I I § 7

Average DBH 10.6 104 105 105 102

S.D. of DBH 1.12 0.70 0.84 0.85 0.67

Age | 2 ] more than 3 vears newer _more than 3 vears older

Because of the conductive culm thickness of the stand bamboos being inferior to
1.4 cm, 1 cm long were used in this experiment (Laplace, 2013). Sensors pairs were
inserted radially into the stem at breast height, vertically 10 cm apart from each other.

The upper probe was continuously heated at a constant power of 0.15 Watt (James et al.,
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2002). It contains a heating element wound around a steel needle enclosing a T-type
thermocouple (copper-constantan). The lower probe functions as a reference probe
which is not heated and measures the ambient temperature of the wood tissue. The two
thermocouples are connected via the constantan ends to measure the temperature
difference between the two probes at the end of the copper wires. All signal cables were
connected to double-shielded cable wires, and each was differentially connected to a
data logger (CR1000, Campbell Scientific Inc.). Measurements were taken every 30 s,
and 30 min averages were recorded (Kume et al., 2010, Laplace, 2013).

For a constant sap flux, and under conditions of thermal equilibrium of the system
between the heater and the surroundings, it is assumed that input of heat by the Joule
effect equal the quantity of heat dissipated at the wall of the probe (Granier, 1985). Sap

flow (V) can be determined by the equation:

V=[x K] (M

a and n are regression constants with a = 1.123 and n = 1.19 x 10° and the
dimensionless flow index k= (2 -1), where Eq is the output voltage when V=0, and E;
the output voltage at the current sap flow is moving. Moreover, we multiplied the
obtained by a correction factor of 1.35 to avoid an underestimation of V estimated by

sensors compared to the actual V' (cf. Kume et al., 2010).

3. Meteorological measurement

Meteorological observations such as daily air temperature , relative humidity,
precipitation and solar radiation were measured on a meteorological tower situated at
approximately 400 m south of our site (23°40°N, 120°46’E). We used data recorded at 36

m above the ground, above the forest canopy.
(IIT) Data analysis

1. Peak time frequency
To clarify diurnal variation in sap flux in each culm age class, we calculated the
frequency of sap flux peak time in a day using 12 month data. This peak time can

represent the diurnal variation of meteorological condition during the study period, and
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can also show effect of stomatal behavior. As the meteorological conditions are assumed
to be same between culm age classes, difference of the peak time suggest difference of

stomatal behavior between culm age classes (Du et al., 2011).

2. Stand-scale transpiration £

Sap flow measurements of the 34 culms along with estimates of culm section area
per unit ground area can be used to scale-up individual measurements to the stand scale,
as the following equation (Wullschleger et al., 2001; Pataki and Oren, 2003; Kume et
al., 2010).

E=]J As-jlﬂ (2)
G
in which
AS_stand = Z?=1A5_bi = ln=1(b * DBHi + a) (3)
Yie1 Vids bi
= 4=l U oo 4
Js S As bi (4)

where E is the stand-scale transpiration, Js is the mean stand sap flux, 45 stand is the
stand culm sectional area, A¢ is the ground area, As , is the individual culm sectional
area, DBH is the diameter at breast height, a and b are fitted parameters (see II. 3), and n

is the number of samples.

3. Individual culm sectional area estimate

To estimate the stand-scale transpiration by using the above equation, we need to
estimate all individual culm sectional area in the study plot. We use the regression
equation of the relationship between the DBH and individual culm sectional area, which
was built by using 61 bamboos in our study plot (Laplace, 2013). The following
regression equation is:
y = 5.74x - 21.02 (R* = 0.83, P < 0.0001) (5)

where y: individual culm sectional area, and x: DBH.

III ~ Results and Discussion

(I) The distribution of DBH and culms age in study site
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Because of the newborn culms, the number of the culms increased during the period
from 2012 to 2014. The mean of DBH was 8.7 cm (n=134) in 2011, 8.4 cm (n=168) in
2012, 8.2 cm (n=245) in 2013 and 8.2 cm (n=276) in 2014. The stand density was
6494 culms per ha in month of 2014with the mean height was 15 m.

The age distribution also changed every year. In 2013, there were 72 culms of one
year old (29.39%), 39 culms of two years old (15.92%), 70 culms of more than two
years old (newer) (28.57%), and 64 culms of more than two years old (older) (26.12%).
In 2014, there were 31 culms of one year old (11.23%), 72 culms of two years old
(26.09%), 39 culms of three years old (14.13%), 70 culms of more than three years old
(newer) (25.36%) and 64 culms of more than three years old (older) (23.19%). The
contribution of younger age culms (lyr + 2yr) were 45.31% and 37.32% in 2013 and
2014, respectively.

(IT) Meteorological conditions

The mean temperature about 18.6°C, with a minimum of 5.1°C during February
morning, and a maximum of 31.1°C during September afternoon. The mean relative
humidity was 88.9 % (£10.42 %), with a mean daytime vapor pressure deficit (VPD) of
0.42 kPa. VPD did not showed apparent seasonal variation except VPD was higher
during March 2015 to April. Mean annual daytime solar radiation was around 56 W m?,
and had no distinctive seasonal variation. The annual precipitation in the study period
(July 2014 to June 2015) was 712.5 mm, which was lower than the mean annual
precipitation for the area (2635 mm). The lower annual precipitation may be caused by
the obvious El Nifo in the study period (July 2014 to June 2015). Precipitation often

occurred in the summer (June to August) and July 2014 showed higher precipitation.

(IIT) Diurnal variation and sap flux peak time in different culm age
Sap flux data showed distinctive diurnal courses; the onset of sap flux occurred
around 9 o’clock, and maximum values appeared around midday. The maximum values
did not last for long time and sap flux decreased gradually throughout the afternoon and
nearly zero during the night. The sap flux of all sample culms generaly showed the

similar diurnal variations. Previous study pointed that the vapor pressure deficit (VPD)
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and solar radiation are the factors which strongly impact the diurnal variation (Dierick
et al, 2010), and our result also showed the same phenomenon that sap flux showed
high correlation with VPD (R* = 0.797) (Different correlation was showed in
change-leaf season (April 2015), R”=0.916.) and solar radiation (R? = 0.649) (Different
correlation was showed in change-leaf season (April 2015), R* = 0.786.). But there were
still some difference in the peak time frequency to quantify these difference.

The peak time of the “Born 2014” group appeared earlier than other age groups
(Fig. 1) and the peak time frequency of other groups appeared similar distribution,
although the “Born 2012 group and “Before 2012 older” group showed slightly later
peak time than “Born 2013” and “Before 2012 newer” group (Fig. 1).

20.0%
18.0% -
16.0%
14.0% A
12.0% A
10.0% -
8.0% A
6.0% A
4.0% A
2.0% A
0.0% -—

e Q= R R e R e e R e QR e e e QR e e e Qe O == T == == = e e R e = == = O = -

Frequency(%o)

=

= = P~ e I B T T T = = [~ e R R == =1

born 2014 born 2013 bomm 2012 ==—=hef2012 new ==—hef2012 older

Fig. 1 Frequency of peak time determined from diurnal variations in sap flux for each
age groups (July 2014 ~ June 2015).

We assumed that this result correspond to the leaf lifespan cycle of moso bamboo, that
is, a leaf of moso bamboo have a 2-year life span with exception of one-year old culms
and the leaf of one-year old bamboo culms would fell after the first year (Li et al., 1998).
The peak time appeared earlier when the age group was in the new-leaf year (ie, Born
2014, Born2012), instead, the peak time frequency was unclear when the age group was
in the old-leaf year (ie, Born 2013). According to Jarvis and McNaughton (1986),
transpiration is influenced by stomatal conductance, which is mainly regulated by VPD.

This result implies that the leaf stomata have a different sensitivity to VPD in different
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age classes, and this result may be related to the deciduous cycle of moso bamboo.
(IV) Daytime mean sap flux

The difference of sap flux between each age was evaluated with daytime mean
value in each age group. The daytime means the time period during 6:00 am to 18:00
pm in a day. The daytime mean sap flux of “Before 2012 older” group was obviously
lower than that of other groups, and the “Born 2014 group and “before 2012 newer”

group had faster daytime mean sap flux than those of other groups (Fig. 2).

15 1 a
a

sap flux(em*m-3s!)
i

5 4 |

; ]

born2014 born 2013  born 2012  before 2012 before 2012
newer older

Fig. 2 The daytime mean sap flux averaged over during the period of July 2014 to June
2015. The difference between each groups are significant (p < 0.05) except
“born 2013” to “born 2012 and “born 2014” to “before 2012 newer”. The error
bar represent the standard deviation value. The significant difference is analysis
by one-way ANOVA and t-test. The a, b, c letters represent the result of t-test,
that is, different letters represent that there are significant difference between
groups.

We also examined the daytime mean sap flux using monthly mean data, indicating
a higher rate showed in July and August and a lowest rate showed in December. Except
April 2015, almost similar order of sap flux was found in monthly data as that of the
whole study period average (Fig. 3). The daytime mean sap flux of “Born 2014 group
and “Before 2012 newer” group was lower than “Born 2013” group in April 2015. This
phenomenon may be caused by the leaf-replacement season of moso bamboos (April to

June), that is, because of the 2-year leaf life span of moso bamboo (Li et al., 1998), the
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leaves of “Born 2014” group and “Before 2012 newer” group would fall in the
leaf-replacement season (April, 2015), but the leaves of other age groups would not fall
in 2015, and the numbers of leaves which stay on culms is one of the factors which can
influence sap flux (Vertessy et al., 2001).

35
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25: T ) [
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sap flux(cm’m-2s1)
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» %%Q\‘ o"\ --\"'(o c5.""4.\ A Q@

born2014 born 2013 ®born 2012 ®mbefore 2012 newer ®before 2012 older

Fig. 3 The daytime sap flux average in each month (July 2014 to June 2015). The
error bar represent the standard deviation value.

Sap flux can be influenced by morphological and physiological parameters, like
stomatal pore size on leaves and xylem hydraulic characteristics (Philip, 1966; Nobel et
al,, 1991). With increasing culm age, cell wall thickening of the fibers, tyloses and
depositions may clog vessels and sieve tubes (Liese and Weiner, 1996; Cochard ef al.,
1997). These phenomenon might cause the decrease of xylem hydraulic conductivity
and hence stomatal conductance. Moreover, the leaf stomatal conductance decline with
the increasing leaf age (Field, 1983; Vos and Oyarzun, 1987; Liese and Weiner, 1996).
The numbers of leaf stomata may also decrease with the culm aging due to the decrease
of nutrient transport efficiency (Liese and Weiner, 1996; Li et al, 2000). Further
physiological studies are need to clarify the reason for the lower daytime mean sap flux

of “Before 2012 older” than that of other age groups in this site.

(V) Transpiration in different culm age
First, the transpiration in study site have a monthly variation with sap flux. The
maximum was in July 2014 and the minimum was in in December 2014 (Fig. 4).

Second, there was no significant change in the contribution proportion of transpiration
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between months (Fig. 5). Third, because of the lowest sap flux in “Before 2012 older”
group, the “Before 2012 older” groups get the lowest contribution of stand transpiration
(5~10%) even though total number of “Before 2012 older” account for 23% of total
culms (Fig. 5). While, because of the faster sap flux, the new born bamboos showed
larger contribution of stand scale transpiration than oldest group even though the
account of new born bamboos (11%) is far less than oldest bamboos (23~25%) in the
study site. This result suggested that the contribution of stand-scale transpiration of age
classes is influenced by both sap flux and numbers of culms in each age class and that
the age structure could impact on stand transpiration estimates and that without
consideration of age structure might cause under- or over-estimates of stand

transpiration in the Moso bamboo forest.

E({mm/month)

10

40.
30.
[ iRy

2014 Jul 2014 2014 Sep 2014 Oct 2014 2014 Dec2015 Jan2015 Feb 2015 2015 2015 2015 Jun
Aug Nov March Apr  May Month
born 2014 born 2013  ®born 2012  Wbefore 2012 newer  Bbefore 2012 older

Fig. 4 The monthly transpiration in the study site (July 2014 to June 2015).
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Fig. 5 The proportion (%) of transpiration from each age class in each month (July 2014
to June 2015).
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IV ~ Conclusion

This study was conducted to clarify change in DBH distribution with age structure
in four years and impacts of culm age on individual sap flux and stand transpiration in
the Moso bamboo forest in central Taiwan. This study showed considerable year-to-year
variation in DBH distribution and age structure for four years. As well, this study
revealed that culm age effected on the diurnal pattern of sap flux with the daytime mean
sap flux. Consequently, the culm age structure of the bamboo forest affected the stand
scale transpiration estimates, that is, the contribution of older age classes to total stand
transpiration was considerably lower than that of younger culms due to lower sap flux
in older culms. For the better understanding of stand-transpiration of bamboo forest for
long term, the effect of the year-to-year variations in culm number with the age structure

should be considered carefully.
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[ Abstract] This study estimated stormflow hydrographs using an antecedent
precipitation index (API) model for understanding the adaptability of API to different
size watersheds at the Lienhuachi experimental watershed no. 3 of central Taiwan and at

the Chungliaohsi watershed within Liukuei experimental forest of southern Taiwan.

Based on the comparison analysis between the estimated and measured stormflow
hydrographs from fourteen storm events at the Lienhuachi experimental watershed no. 3
and from thirteen storm events at the Chungliaohsi watershed of Liukuei experimental
forest, the API model was shown to be a relatively simple and reliable method for
simulating stormflow hydrographs. The only input data of this model were rainfall and
four representative parameters.

The two representative parameters of Lienhuachi experimental watershed no. 3
were 0.8 for K value, and 0.5 for X value. I and S for the other two representative
parameters of Lienhuachi experimental watershed no. 3 were 0.140 and 0.0168 for
storm rainfall smaller 100 mm, and 0.503 and 0.0297 for storm rainfall larger 100 mm.
The two representative parameters of Chungliaohsi watershed were 0.9 for K value, and
0.5 for X value. I and S for the other two representative parameters of Chungliaohsi
watershed were 0.498 and 0.0055 for storm rainfall smaller 100 mm, and 0.573 and
0.0068 for storm rainfall larger 100 mm.

Since the area of Lienhuachi experimental watershed no. 3 was smaller than that of
Chungliaohsi watershed, the representative recession parameter K of Lienhuachi
experimental watershed no. 3 was less than that of Chungliaohsi watershed, and the
representative parameter X of Lienhuachi experimental watershed no. 3 was equal to
that of Chungliaohsi watershed, and the representative parameter I of Lienhuachi
experimental watershed no. 3 was less than those of Chungliaohsi watershed, and the
representative parameter S of Lienhuachi experimental watershed no. 3 was more than
those of Chungliaohsi watershed.

[ Key words)] Antecedent precipitation index (API) model, Stormflow hydrograph,
Watershed.
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Fig. 1. Location of the Lienhuachi experimental watershed no.3 at central Taiwan.
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Table 1 Geomorphologic characteristics of the
Lienhuachi experimental watershed no.3.
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2 RS KIEH T IE
Fig. 2. Location of the Chungliaohsi watershed at the Liukuei experimental
forest of southern Taiwan.
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Table 2 Geomorphologic characteristics of the Chungliaohsi watershed.
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Fig. 3. Flow chart for estimating stormflow hydrographs using the API model.
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Table 3 Comparison of runoff characteristics for measured and estimated stormflow
hydrographs using the API model and its best parameter values at the
Lienhuachi experimental watershed no.3 of central Taiwan.

3 JEEE
22 H H W Km K X I S /)g{ ;‘;tﬁ[g
& (mm)  (mm) Y
Bk e =
(%) (%)
1 1976/06/25 28.5 1.60  0.84 092 0.4 0.1941 0.0140 1.96 -12.98
2 1977/07/25 55.2 3.67 0.73 0.64 0.6 0.2259 0.0214 -0.20 -7.43
3 1977/09/22 42.0 1.78 0.93 0.72 0.6 0.1382 0.0104 -0.01 -5.88
4 1977/09/24 30.2 149 0.85 050 0.4 03248 0.0158 -1.25 -0.20
5 1977/10/30 29.5 1.29 0.82 0.84 04 0.2203 0.0143 1.85 -21.79
6 1978/05/18 39.0 1.62 0.79 0.68 0.4 0.2545 0.0167 3.75 -30.17
7 1980/06/03 21.8 1.08 0.79 0.86 0.4 0.2471 0.0126 1.50 -37.16
8 1980/07/29 47.5 323 052 076 0.4 0.0303 0.0245 0.09 1.07
9 1976/07/02 564.4 331.05 097 0.79 0.4 1.0094 0.0192 0.80 -9.96
10 1977/07/26 2245 9224 098 0.75 0.6 0.7163 0.0346 0.02 -15.97
11 1977/08/22 243.0 110.68 0.88 0.80 0.4 0.7306 0.0191 -0.58 -13.76
12 1978/05/19 141.2 39.14 095 0.92 04 0.3002 0.0160 0.97 -19.69
13 1978/07/31 197.4 59.73 0.84 0.87 0.4 0.1922 0.0255 2.28 -12.13
14 1979/08/24 3439 17692 0.87 0.87 0.6 0.5882 0.0295 0.02 -19.50
30 0.06
254 -0.05
AR
20 /ms:ﬁiﬂsf. L0.04
o SR T T
3 157 10.03 3
& S
o

104

5 11

17

23

#RI(h)

B4 e 3G B s /K I DA APTIRR, F B o S B (T S PR
BE BTN 2 EG 2 LEER(1977FTH26H - 4w55%10)

Fig. 4. The measured and estimated hydrographs (No. 10, 1977/07/26) using

the API model and its best parameters at the Lienhuachi experimental

watershed no.3 of central Taiwan.
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2 ~ APT HEHEMG SRR B RGO IRIES

HR3 A R 35k A KI& » (8 AR HE(S TR B REARIT - 143555
MERE2EK X 1 S AZR - (HEIEEHAPHE N G R RR 2R
GRS - VRS RERZ S KIEIAPIZ S - LR EE R A - HE(G R E LR -
THER » itB W AZEREIERESEIE -

R3S HKIE » ££0.720.91] - MXEFE0.4£0.6[H - APARMFI2E
AVER S - EKEIXE - BEAUPE - BB /K GREKIE £0.8 - MXER0.5 » R
IERERKGEREGEHE - \HPNETEM3 R K@ EHE(69%) » T1%H
HHTE/IN3.4 ha) » HAR/KHEEEAER Rtk » st BB /K(REER N - 35k
KIEKAE 5EHT0.8 » #1ELZEEFlynn Creek&/KIEK(E £50.91 (200 ha) Kz BranchCreek£2
ZKIEEKAE £50.90 (70 ha)fH L (Fedora and Beschta » 1989) » 3 HE 3 9% 5 i e /K [ i s
/N34 ha) > IIPARERE 10 - HK{EBEE0.8 - fEE fa B - EHX(EHN0.5 » Bl
B A (] iR s > B2 /K E X{E 25 f50.5(Fedora and Beschta» 1989 ; Beschta® 1990) »
JESHHEIRYEER -

T3HPAPHES S B PEIEAS - ¥ 143 58 T T R AR APLERQ™ MR & -
AL EERE - FEDA R IAYELS - HEME SRR EES - SR SIS RN R
FELREAURIFE SR 2 LERENE - Z2FOR R - BUCEIEIERER - MSERS RN T R
TR —BE AU INFRR (ERTE1ES) - R/ 100 mm > 55— B R ORI 2P (4R
RO 14) > FREAFN100 mm - ZR1% HH I —BE SRS PSR U NRFREF R IE SR
571-3 K dmipes-6 - FENLIEAS Z (AR M2 8 dRota BT K 8 AR Besg th AR M2 8UE -
R FEPI PR ERARSR 10-14 » FRITIEAS 7 (ARS8 dRRo AR BEES IR M2 8
18 - BIHEAPIEIQ™ X 8B sy R & > EEI R > FELUM —BEpR 0y IEES -
73 B BRI AR - SR M E R - (H 2/ ST - a8
KNG 2 APLEZQ™ 7 BR {441 B SEAE6 - AL FIHRBHHL T

SR/ 100 mm - APIEEQ™ 2 B (s -

Q"=0.140 + 0.0168 API, r’=0.75, n=74 (6)
FAFRAA100 mm > APIEHQ™ 7 Bil{4t -
Q"= 0.503 +0.0297 API, r’=0.78, n=208 ¥

FRiEt > QM EEAL By(mm/hr)™ o APIEEfY Fy(mm) > i /NEEFR 2 1/50.140 - S5y
0.0168 » KEFR 21/0.503 » S£50.0297 -
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Ty IR AR E 7K RS, - TP RO bl 28R B AL P EAYEE B -
PETh B E R E K Sy B — i PR - SO /NIRRT - HQ™ BLAPL ]
AR B EL PR B R HIZR /]
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0.71
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B RE R 4 8, API (mm)

[El5 PR/ 100mm 2 F&pR - e 35 aABn e /K& APTELfR & ] 2 B (%
Fig. 5. The relationship between stormflow and API at the Lienhuachi
experimental watershed no.3 for rainfall less than 100 mm.
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Fig. 6. The relationship between stormflow and API at the Lienhuachi
experimental watershed no.3 for rainfall greater than 100 mm.
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3~ JEFJAPIHE AR 2 BHE(L R B EAR

BEAT AL TR HE - BRREEEM 3R S K@ AP Y4 R
P22 > K(0.80) ~ X(0.5) ~ [(FR&E<100 mm £50.140 > PR &>100 mm £50.503) ~ S(FRi =
<100 mm/0.0168 > Ff &>100 mm f50.0297) » fEFIZHEMG L 1455 M0mM &R > H
R B EGRRERA -

R4 G5 RBUR » DURFRMES B 14553010 & R 4R ELEDINR BRI E
TSR - EIAERER S = N E-35.45%4523.68%[H » [fiHLIE R BAVER AR
1£-42.37%%31.91%MH - AR EEFEOUIE R 8 > S Rm s o (FERAEES 8
i B EGHE RAEREURIER 8 - A S G 2 R BRI ET]
TRTERVRZE - B PR A KU ARYIAET - 41HEC-1 ~ TANKEHAEH R 58
il (EEFA > 1988 5 MIEEETE - 1994) - SfE2vd 3R iR S K (6 FH L AR
SEHER B RGN - fAETE 20 WERE - (HED AR ISR
BREGRFFIEE R ] 2 H/KAE -

4 WSR3 N R AR K& DLAPIS = R HA R M 2 B (5 Fe bl i B 1R
BT ER R 2R
Table 4 Comparison of runoff characteristics for measured and estimated stormflow

hydrographs using the API model and its representative parameter values
at the Lienhuachi experimental watershed no.3 of central Taiwan.

e U SR 2 iR
ZrR4EY H k= B = s N - =

1 1976/06/25 28.5 1.60 -13.78 -1.33
2 1977/07/25 55.2 3.67 -26.12 -25.98
3 1977/09/22 42.0 1.78 14.60 31.91
4 1977/09/24 30.2 1.49 -5.55 -28.07
5 1977/10/30 29.5 1.29 6.69 -6.78
6 1978/05/18 39.0 1.62 23.68 -28.53
7 1980/06/03 21.8 1.08 -7.59 -27.28
8 1980/07/29 47.5 3.23 -12.65 -42.37
9 1976/07/02  546.4 331.05 -35.45 -24.77
10 1977/07/26  224.5 92.24 -10.00 -1.84
11 1977/08/22  243.0 110.68 4.42 -7.81
12 1978/05/19 141.2 39.14 21.62 -5.49
13 1978/07/31 197.4 59.73 10.92 -28.76
14 1979/08/24  343.9 176.92 -21.87 -21.51

EREAREEZ B R E R BB AR BRI S5 - 1500384
FE1977THET H 26 H Brfa < F PR FEAR 4R 57 1 011 7) AP = - 4HFE224.5 mm - §
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SHIXE7 692,24 mm > HE(HE4E77 E83.01 mm @ 72 5-10.00% » EHIHEIE 7 50.057
m’/s » HERELIETT 80.056 m'/s » {72 H-1.84% » HEfh LGRS LBt
Tt B TAER INEE > W& 22 527.69% > HEfdR & MR AR LR 2 R 2 i
FfEL > BB S - RSB BT & (8 7) i S Bk~ #
MR 2 AR (E4MHELE: - RS E R B R EF AR & S R LR ESE
BRI  (HM T -

30 0.06
ol i L0.05
\ ::I'/ﬂﬂ‘lfﬁi‘&ﬁ
| WA s :
20 g .‘)/ 0.04
P v R 4 )
= g
= a B =
E 15 0.03g
:
104 +0.02
5 r0.01
s EIERBEREERILRRERER: P TR UL e gﬁﬁ%—.—;—.—.—.ﬂw-o
23 11 17 23 5 11

ki (h)

E7 3SR SR A K& DLAPTE S R BRI 2
YA SRR B AR LU B R AR 2 LEI (19774
7H26H - No.10)
Fig. 7. The measured and estimated hydrographs (No. 10,1977/07/26)
using the API model and representative parameters at the
Lienhuachi experimental watershed no.3 of central Taiwan.
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1~ HEf SRR B RGN RNOM B EGR Z EEEL

i R R SR K I 1 3552 i B HE AL R AR BB R AR FF RS IR AR - HHERSHY
BTN > SRS IAERTTH 853 (S5t 1-8) » HLEEHI RIS/ MR 100 mm > HESIFER
SILFFH(4RTR9-13) » HIEMREIIANN100 mm o HHHE 7 & FE AR ELEUHIR B REAR Y
R BERE R - CIIHERER K > 15-0.27%20.25% 0] » [t R a2
AFG > GIFE-14.61%Z1.24%][H] > EHFNNEREZE 35t EKE - ASGREZ
HAERREE(S) - Pl il B R AR — (807 & (E SEUANR B AR A B EE S
PEAT > A RE—HES R EAIER R - AT B R AR B E
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Bl KE - RN EEGIERNRKE it E— 2SR KGE - B
IKGBINBKE R BB A ZRK - BARRKEUESEEAG A2 -
MR T R E] 2 SRR ARE (K) Ty B A FIRKERALE Z R K GBI ER
B - BABRPHRKGEEEAFE © 598553 ME 2 PR K GRS R IR K
HBURAE > (HARZAE0.6220.95/] » HopAmsE LS 3SR K@ A - 24
INE ST AR L RE Z SNV RFIRE - Rt BT B K GEEAF A S =~ —
e
HASHTXEZEL > AEXER0.4 - MEXT0.6 - MEHZ18S - &S
BRI RSS2 E » BREK > HEZJ0.320.97] » [MiS{EZr[+0.002
Z0.016H > )4 FTRIAPIZ SR K ABKE > 2 Q 2 RIX Y & » iy
SHYSEA EK B X F M A -
SANEH T HEAL T R R AR BLEUAAR B R AR IR & 5T > LA 4EAE20044E9 H
10 H Bt 2 F A R EAR(SR5E9) (E18) Rl = > HARE £129.5 mm > BUAIKE
B 525.19 mm- HEHAER 82512 mm> {5 72 L5 -0.27%  BUEL LRI R £1.792 m’/s»
A bIEET  1.533 m'/s » [ 7R FE-14.44% » HE GRS R B BUAT LGRS R AE )
W i 5 HERS R B AR BB B AR AT IR LR R (L - A0S 22
2 2R > HEREEAREERRIZE K FE 4R (rainfall hyetograph)HYFHEETT 1L - B
AR AR EE 2R BN e R R AR AV EE R T B b (HA S HENU T = R SR AR AR -
N BN B RN R B s8R 85 - DI B B 2SR S HEAE 47 1E
FENZRHRERESG &R IAE 2V & B2/ D APHE HEM R ERERAVIIREL -
EA ZHEBN EERE LR RS -
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\

5 PEIREKIE DIAPTR T R HA (2 B R SR BRI B R 2
Table 5 Comparison of runoff characteristics for measured and estimated stormflow
hydrographs using the API model and its best parameter values at the
Chungliaohsi watershed within Liukuei experimental forest of southern Taiwan.

T AL EEERHR
PR KW ' ERE = [H RS
PR HH R 2 ERE K K X I g T i
& (mm) (mm) Ay
e ﬁ%% JILE
= %) (%)

1 2005/02/25 25.5 491 099 0.77 0.6 0.5190 0.0023 0.00 0.18

|||||||||||||||||||||||||||||||||||||||

T
15 24 9 18 3 12
85 f] (h)
B8 PSR KR DAAPIE K Hof (2 B L R R R
BN B SR Z EE#L (2004429 H 10H > No. 9)
Fig. 8. The measured and estimated hydrographs (No. 9, 2004/09/10) using the

API model and its best parameters at the Chungliaohsi watershed within
Liukuei experimental forest of southern Taiwan.

2 2006/06/01 18.0 2.2 093 0.71 0.4 0.5187 0.0074 -0.03 -1.29
3 2006/06/06 47.0 646 095 0.66 0.4 0.5601 0.0040 -0.11 -2.49
4 2006/09/14 450  7.87 097 0.94 0.4 0.6023 0.0036 0.13 -2.00
5 2007/06/20 57.5  7.81 094 0.62 0.4 0.6817 0.0066 0.08 -3.93
6 2007/06/26 44.5 572 097 0.78 0.4 0.6714 0.0020 -0.02 1.24
7 2007/07/09 20.0 245 094 0.74 0.6 0.3908 0.0054 -0.04 -2.67
8 2007/07/31 460  6.68 0.88 0.77 0.6 03544 0.0164 -0.12 0.55
9 2004/09/10 129.5 25.19 0.99 0.95 0.6 0.4153 0.0058 -0.27 -14.44
10 2006/04/15 105.5 23.72 094 0.82 0.4 0.6380 0.0089 023 -13.22
11 2006/09/07 108.0 21.98 095 095 0.4 0.6420 0.0055 025 -13.63
12 2007/09/11 140.5 38.06 093 0.56 0.4 0.8669 0.0079 0.01 -5.20
13 2008/06/02 314.0 151.94 0.99 095 0.4 0.8180 0.0040 023 -14.61
30
1.8 — BAHRITER
LT RE
14 : 4/ 20 ~
E
] R 7 5% I
< 1,0 . [10 #
0.61 |
5.5 .“I.I ||§|.
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FRS AT AR R S/KIE - (0 R F PR B RN » 13357 Pk Av4(E 5
E2HEK > X 1> S HAER -

FHFRSISHKE - KZ7E0.620.950H » MXEAE0.42£0.6[H » FAEMEFH
SR > BKEXTIE - ZERE - BIREEE K GEKE 0.9 MiX{E 0.5 -
KX KEESEE - ZRESEHE » R T EREKESEERE(60%) » 115
AEH > HEA(721 ha) » HIRKBEERE T » st 2R KGEIEEST - PFE
FE/KEKEEEH0.9 » AN 355 e G2 /KIE K (E /50.8(3.4 ha) » HhEE S B /KIE
TR (721 ha) » EHEFE 1% > HKEEEEN0.9 - FEM R EEE - FFX(EHN0.5 » Bl
5 35stBR AE /K I R 35 B (B A S bl 2 S5 /K (B 35 £50.5(Fedora and Beschta
1989 ; Beschta » 1990) - JE{SAH[E]AVLESE -

SNAPIHE R S B AIEES 2 (RFME S BUE - 11 3852 B F 4R APIEIQ
EEEIRRE S » FIDEER - FLAULEERFIAIELS SRS HUE - S &R
BIRG > SHESBIEGRRR R R EEUI R 2 B - ZRIEK - RUUER
FHRVER - NS TREGFRR Y By B > — B Ry N R 4RE1-8 > &/ 100
mm > SRR AR GRS79-13 > FREATY100 mm o ZR1% FHE N FR R EERk6
S FPR » dReE1-6 0 FETLIEAS AR S BUE - SRR 7 B8 AR EgsS Hh AR M2 8UE -
KAV F PR BRI GRMR » 4R959-11 > RIS Y KFRMESHUE » 4Rat 128213 %K
Bt (AR S EE - A EAPIEQY Y Bl N RR S - BirE= - HI T
BRARER=UAVIEAS > 3 RIS E SRR R AR - SRR IR IA - (2 /&S
2 o ZERGIE T BEAU NN 2 APIEEQ ™ BE {4 AN 9B 10 - AFE BSR4 -

SEER/INA 100 mm > APIBEQ™ 7 B4, -

Q"*=0.498 + 0.0055 APL 1’=0.51,n=98  (8)

SEPRAF100 mm > APIEEQ" 2 B4, -

Q"= 0.573 + 0.0068 APL 1’=0.58, n=116 (9)

ERE - QU B Fy(mm/h)™ - APIEEfir Fy(mm) » i/ NEERRR (R F M S BE 2 1
£50.489 » S550.0055 » ASEFAFMESEUE 2 150.573 » S550.0068 -

FHZ®) B9 Z 4B AT A - FR SR NYRERR » AP > (AR M2 HE]
EAS L FR i EECRIRERR R/ )N - IR GINAN[E 3R Bn e K& » J) i
K&Ky EBH—ENRER - THEZHGEHRAEKIE - H IR AR E KD
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BRI R 2R KR o SR/ N ERG  AEE GEPR B AV EEREU N o 1Y
IR A E KRR o TP BRI - 2 E AL EAVELRRIA - 1
T+ B R E Ky B —E IR AIIRAT - SRR/ NYZRRR - HQ W BLAPL iy
(R C R NCAE R RPN

FEFEE, QY (on/h)™?

"0 10 20 30 40 50
B 3 F /45 2, AP1(om)
&9 FRE/NA100mm 2 FEpR - R EE/KIE APIELST & 7 Bl %

Fig. 9. The relationship between stormflow and API at the
Chungliaohsi watershed for rainfall less than 100 mm.
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Fig. 10. The relationship between stormflow and API at the
Chungliaohsi watershed for rainfall greater than 100 mm.
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#50.0055 > BRI E>100 mm 550.0068) » [ FHAHEN L 135 REGR - AR
FEGRRF ARG -

FHF6 2 $E BN  DURFEME S HIME (L 13385 50T 2 E 4R SIS E AR 8
TRESTET R - MR E RS N PE-45.82%229.03% ] - LR SR
1E-45.222219.86%[H] - HUIE T ASTEBLILE T & 2 SR S - (ER RIS BEES
B EGHE RAEREER 8 - 1A G 2 R B R IR E 2
HERVRRE > BEZR TP RORSK& B LR 2 BOR (R B SR - SR E5E
O NS - B2/ A B R E R M 2 2 nT R 2 H/KEE -
6 TR/ AP R HARR M 2 Bt i el R M BB 25

=
Table 6 Comparison of runoff characteristics for measured and estimated stormflow

hydrographs using the API model and its representative parameter values at the
Chungliaohsi watershed within Liukuei experimental forest of southern Taiwan.

HEALEBUEDADR B 2 5 A
= RI4R5 H k= s = s N — =
TR 4R H HH PRE(mm) ZE5&E(mm) SEREERE() I (%)

1 2005/02/25 25.5 491 -12.96 -6.73
2 2006/06/01 18.0 2.12 28.20 17.31
3 2006/06/06 47.0 6.46 26.79 19.86
4 2006/09/14 45.0 7.87 -8.08 -0.27
5 2007/06/20 57.5 7.81 -12.45 -34.40
6 2007/06/26 44.5 5.72 -6.63 8.84
7 2007/07/09 20.0 2.45 29.03 14.91
8 2007/07/31 46.0 6.68 3.91 -38.14
9 2004/09/10 129.5 25.19 7.77 17.43
10 2006/04/15 105.5 23.72 6.12 -17.25
11 2006/09/07 108.0 21.98 -20.66 -29.52
12 2007/09/11 140.5 38.06 -26.20 -45.22
13 2008/06/02 314.0 151.94 -45.82 -38.17

ERERAREES B B EGEE NN 8RR &ER - 1505
A:AE2004F9 A 10 H BtG 2 P SRR SR 5TO(E 1 1) A FIM = - 48 E129.5 mm >
BUAIGRE25.19 mm - HE(HADRE27.15 mm > [(IFEZ=257.77% » BUHEE R 2 1.792
m’/s > HEfGHEIEETT 82.104 m'/s » WIEEEFE17.43% > HEfh b SRR SLEUHT g
ERFREEE - BB EAER - HEGER R SR BT B AT IR B RAR L
BLRAGITS » RSB 2 R R FE SR (B 1 DBl R S Bt i 2 BT EE
R(ER)MHELE: > AERM2B R ERGEBINERY &S LR ESB R ER
SRR > EE AR
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Fig. 11. The measured and estimated hydrographs (No. 9, 2004/09/10) using
the API model and representative parameters at the Chungliaohsi
watershed within Liukuei experimental forest of southern Taiwan.
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KR BFEFAHEBERIENKEL R 4284 A0 - HFTHEMSEVES T E - HilC
GrlEPREY R R RF A 3 AT B A S AR KB TRA IS & -
[Bega] KEI R ~ B ~ By » dgetstiat K&

ESTIMATION OF THE ABILITY OF FOREST
WATERSHED FOR WATER CONSERVATION AND
REGULATION BY THE BASEFLOW APPROACH

Shiang Yue Lu'

[Abstract] The ability of forested watershed for water conservation and regulation
receives much attention recently. Many researches tried using different approaches such
as: infiltration capacity, porosity of soil layer, recession-curve-displacement analysis
and water budget to estimate the water conservation ability of a watershed. However,
many factors are involved the ability of water conservation, it is difficult using some
physical quantity to give an accurate estimation. Baseflow is the discharge of water that

drains from deeper subsurface runoff or origins from groundwater system, and it is the

TTBE R T B G ER BT KA L5t B - iBEES o BT} shiang@tfri.gov.tw
Senior Scientist, Division of Watershed Management, Taiwan Forestry Research Institute, Council of
Agriculture, Executive Yuan. Corresponding Author. E-mail: shiang@tfri.gov.tw
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best and direct index to describe the ability of water. This study used the variable slope
baseflow separation method to analyze rainfall events of the Lienhuachih No. 5
experimental watershed for estimating the quantiles of conserved water of the target
watershed. From results of 46 rainfall event analysis, the average daily baseflow
discharge is about 1.164 mm/dy (ranges from 0.474 to 3.265 mm/day), this discharge
equivalent to 11.64 m’ /day/ ha or 4284 ton/ha/year. Combining the estimated baseflow
amount and temporal rainfall distribution can give a good estimation of the ability of
water conservation of forested watershed.

[key words] Water conservation, Baseflow, Baseflow separation, Lienhuachih

experimental watershed
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MK L EIRORE LR AV IIRE Ky E— S ARKOUhT e & 1 ERE T H R
o PERIH TR EREL T AR (bl ~ B DS EE - SRERCRE - 4
FKE ROKERHEFEDRE © MRS 8 LA MRS ~ #ifP ~ #EE
IR T RE - HLU A IR E FEEOT A RS - NIEET S ithl& (hdh/D e B 1Y
TS - BEHMOK L ERRERET - R RS0 E B E/ KERAEETT -
IKE R — Mo T8 /KIE T g Ae R o LI F LB e Ay B R ST B AT 12358
K R BERAGEA > DA ] 05 /K (KA & 510 A e 3 B A A e
oYt o HAAJEEER » B E N TIBEALRMENIK S - BRI A EA T IEE - W
[T TR FLPRE B KRR > BE& R E SR I A RIRAIK ST - B
Ry e PRI AU EEKE -

2RI E » GEME AR 22 AT A 1 - B E A RN
Y H B B IR H S AR A R I > FERZ2 Mg IR - ZKETRBERETR
BAKNZE (Hsu and Chen 2002, Wang et al 2004) - NIIL/KE B IHAEREHE S > TTH
EEIFEAOKE R BEA ey g ElitlE © FEREHE T - SBKEKE TG EDIRE
Ha 2R ER - 52 &Rl E B LA K& E 2K &R - R
SEIRME A e ThRE (BRISHE > 1993 REEFE 2004 MREE) 2015) - iELEHFES
DIRRPR BB 1Y B AR S K ST B AR RS S B K &R 25 - ZRIM/K &R
MEBNZE  ERTBEIIAZER - TIESLER - tEARESE - 18K
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&~ 9218~ BB A EKEDMELSEAE - ABERE B8RRI WS
RN 2 — » EKEKEC R 2B L - #IUEES AMERIVEER -
BEANER B2 E: - 588 R BEAERR LA - TR E KB R E B 5
EMERZE - BUARREA > KEERE TWE, Ky - BERNRENSETT
RS K@ R B K BNV E RS > AR UER (baseflow) FYZLE ALK
EokE/KEIRNDIRE « R 27MVEE/K AR &8 RIFIUR E » RIRERERE
FIZGRILTRT (subsurface flow) B Y MK R 4HYIR & - RILER 8 A S EH %
/DK B R KIE 11 E1F (detention) » HE T ZCHE AR > Bl R IR PRI
BRI EEAKR

II ~ BRI TTA

OIEBEL

MEESER AT E I 2T P O A SR e /K & pR R HAH B R =40 8%
T RN LAt B B R A E R Tk an S K& Ry K D% ey —a K& -
BN LIRS PR Ry EHYR IRFA TR 28 232 52 2 P FERARVH P FF 02 1Lu et
al., 2009 ; EHRIESE - 1978) - ZEKEFTRIE - [ElE - HEEY - ZEER
FiEsrAlEs +20.8 C ~ 2181.3mm ~ 85.6% ~ 1032.9mm Az 0.00313 cms » BE/KIEAYHE,
BB RS =i e M E G O s - e TR R GEaERE 1 B
Jig TR Ry iRy B 1 RIS 20 2 60 57 o 1 EFEM A 5T
e KIE e

Table 1 Physiological factors of the Lienhuachih No. 5 watershed

Area 8.40 ha
Average slope 33.5%
Maximum elevation 789 m
Minimum elevation 741 m
Main stream length 289.0 m
Mean width 291 m
Form factor 1.00
Compactness 0.57
Aspect SE
ADsr &t

Z e KEH 1975 4E. 2 1995 FE/Y HUTE e HAH SR H R 2405 R A
FEHLLOITHIEEAE R - FrA BRI EAAEERRIE (outliers test) » LLEREREIHIEL
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RELHRA BT H AR (cms 2 m'sec) ZBUHIRARM > G P i% ki & 5 2076.1 >
R 8 Ry 0.00313 cms (3.319 mm/day) ©
(IEFRIIBETT 7%

A 2 A BHIERY 7 /A B i T W 53030 Hp L8 o0 Y /K2 R B AR B2 st 2R 2
A PRI RS B B R O oy By D7 A (IR £ B R AN s E I - — A Ay
RSB EEEE - H4E (straight line method) ~ [EEREEE (fixed base length
method) K& EhRIZRE (variable slope method) © B4R A S HR B4R - BEtE 4 —
KGR FEG AR RES T ITHAEWR G AERE « BEEREGRRE
Linsley [R5 (1982) &K ARl > HHR AR ARG - 48— /KPR =45
AR > FIEHILPITAR 2 SCBEET 0.8*A™ ZHFES (BRE 2 BAr R H - A REEKEERE
DISEHHEE) © BT RRRZEG RS Hewlett B Hibbert —{ir /KU E 2 % > HIR
EFELR EFHEIEEEE > FURELL 0.05 cfs/mile™h 2¢ 0.0055 Is*ha*h Rl &
FHLR BFAR AT e B Ry 1k (Hewlett and Hibbert, 1967) « EEIRPERAABER R 57
HE4R LT — B FOR B AERAT— SR 2 AR LM EE > MEER
MEPRHE Z K > ERFE 2EREHEEREMEEER - Bl o7 #4651
(Bethalhmy, 1982) < A FEER FHEEREIE - AHBAAVEDR 708 J77A78 1] 2% Chow et
al. (1982) » M AHFARLE TR Z MY EKZZ Hygraph #7004 (EREBE -
1995) -

I - 45 SR BEET 5

ATAGCLEETHRIE 46 S5 sER TR vl > RIS KU AR S i AE A
¥ WERTZME - HE REEETRE 2 - HPERERE BRI
FERRAERT > SN EREER 2 R ANBEERANET s A% E (effect rainfall) FyrEfE
PRS2 [ & - JRRNAEE EHIFR A2 (infiltration) ~ BB (interception) ~ K3
T (surface detention) 12 Z[#MIE ¢ OFEHE (0 index) FyEHE/KERENREFR
APPSR ER 2 R E - KRR R RS0 (excess rainfall) 5 25 {5
% (runoff coefficient) 7 SR & AR & ~ L -

KGR AT PR (runoff event) HEEMRES M7 38.9 25202 mm 2 fi »
SPATEAERS A 5 2 90 K > BB SRRV AR B o TR SRR Y[
PR E RS AR - TIEEENEY - BA RS0 T EE A S0 L AKGE AT
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KIG o MZHEHE AR - BORESRA EEKCE o A AR B AA B B
/N RS Bk R AR BEE IR - SYRAIR BB R R R KRR IR E
5y R BUKETF RTINS FEARR - ZEHERR » S0 AFH K
) 0 ERRRFUK IR E R T OK » RIEER B P SV ED R AR ST E - 1
BARMEIIET © BRI T HEEAE AR B8 > ILER 2 2 iR - HoK
JERRIE B N K 2GRN o TRA BRI E R HIRE A IO R - BRI EDR B
FIfS AR SRR A S G 0VEE - AP RNR R e 2R
HEEARBEAY R E 7 0.001 2 0.030 cms 2 [ > HSEE5R & K 0.0009cms » HfEIESR
PREAMIIR & - SAe S G B AR S (E - TESRER T » I AR5 KIE
HESR B4 By 1.164 mm/day (0.474 % 3.265 mm/day) » HHE A EE R ATHEL 11.64
m' KR » FEEAEBER LB /K E47 5 4284 ton -

DIEE/KIE H BT FLIS R (porosity) Ko 198358 A HE (S 85 /K Ik 8 /KRR B
HAMTTE G E BN A > ML AR AT B — B E e R E K LR
i B TSR DA K& K E TR & o R IERTA fEER 1L
PR rP /KT RE TR 2% 0% PR AR TR - BRI BRI T 8K AT R R
FORAIRIR - ORI DR 2N FEE Sy EER LKA % > B
BK B IO AR T R ER I — 805y > G580y KR A /KB EY
DIZESSBOATR AR RS o BRI DAFLBR R AHE (S /K@ B K &RV INEE - (ERETE
BE/KE T KA A TB AL -

KBS TR G (5 K E R E B s L A R b K
7K R lEpR ~ ZR SR E = EA T > W HEEKER R KERGESR > M+
PEEKE R R A IR B N RS E - ARIME S [ M R BE AN
BE S DURBHE - H3 T /KR T RER Ry SR K& T3 E KB —& 57 -

FMEKE B A RANKERSEIIECEN FIVEE - RRTEHETY 3
BHUEN T A E A R RN A2 E & - e RAhis T BE g B A R0 iR
EEA > RESERTRURENTRRAE R » —HI T G PR Y ARl (-3 BRI 2 PR
TR AR GR) > — AR B R (sealing » T3 FLBE HOBGRERY FER S
PHZERVERSY) 5 It —AE(E A vl (st R IR R R SR « TR S 55 g RAR RS
SHOVIEYIRS o (IR MR K AR S BRI REE R RS - TRRERGER
KRR > HETIIE /K ST 0y B EELHeR - Rt M B S 8% SR
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i B RER PR VIR SR [ ARRMAVIR /K S REHE A LI - R
TKIRH DB GRPE » EL2 FEAH[R] LRI T Ak TR A B KA /K ZE ]
R _E T B0y 2 A % S R R TR R - A KRENARE - fEleEt
SEAVERL(ER] - SO0 3EayFLIRR (BEALAGRRN - TR ] 2= PR TG HYEER) -
AR M H AR 2 ~ FHYIBG AR BN FL) EARMTIREA BAFAVER
PEERZE KM » PRR Rt s InFLBs RN > WA Ry Kt Hy bR - (/KRR R
i A5 Ry T - R ERE BN FLIRE - LR TR - ARbE
TR PV H PRI AW AZHIRRK - SRR I ARV IVINEYFLERE - 2R0T
B /KERNIIRELI R AR S - MERBESMERRE R - Ffedt—
R eFHIERIR i IR R PR 2 (oK & AGIRIL - FREEYINY IR L3E T DIRE 4RIt
IR » ER A E KBRS F AR ER LI ~ FLIER (porosity) KA
WHEE - tEoa0HE ~ NEKE M~ HTOKA IR EFE SN © HEL
P BR AP A THEAS -
R RERERITER

Table 2 Results of storm event analysis

Average Maximum  Minimum STD

Event duration (day) 24.0 90.0 5.0
Total rainfall (mm) 22578 520.24 38.90 129.182
Effect rainfall (mm) 95.19 373.12 4.30 81.155
¢ 1ndex (mm/hour) 1.057 2.893 0.071 0.625
Peak discharge (cms) 0.0313 0.2060  0.0030 0.037
Initial discharge (cms) 0.0009 0.0030  0.0001 0.0007
End discharge (cms) 0.0013 0.0048  0.0002 0.0011
Quickflow (mm/day) 4.675 18.133  0.629 4.3495
Baseflow (mm/day) 1.164 3265 0474 0.8236
Runoff coefficient 0.3897 0.8766  0.0471 0.0367
Vv - 23R

MBS (2015) &VE S HIE K AATEEM A B SEE 2 51 4h - BT &8 KERE L
S TTP °
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[(FZEIAIEE 2012 47 A% 2015 4 9 H » RAEERFT A BT 50 1998
ARSI R AP ERECR G M > DUE ShE N 578 /KR Z R B B R T
FsHA 39 & A ~ 12 {EEHIZRHUFRF RN - SRR AR 410 AR 28k I
R IR O » LI RERE s M= 2 DURIGRE B E AV BT -
IIMTEEIREEIR ¢ RSVt NV SIE KR - DURERERY L PR B % - &R MEREERY 2.7
15 o EERFHY Ol (E LS BNIR fe 2 BT MIZR > 29 2R 72 5(p<0.001) » BURE
BREASMIt A S HEESIRFEERNE) - BN S - REEHIERA
MR E - 2R EI RS, -

[FEsesa ] AR BhRg « H BB - Rt 8ok - IR -

EFFECTIVENESS MONITORING ON ECOLOGICAL
SILVICULTAL PRACTICES OF TAIMALI RESEARCH
CENTER,TFRI

I-Hsin Liu'

[ Abstract] This study progressed in a hardwood mixed stand established in 1998 at
Taimalii Research Center, TFRI. Camera traps were used to monitor the population
dynamics of Formosan Sambar (Rusa unicolor Swinhoii) during July, 2012 to
September, 2015. After 12 continuing monitoring season of 39 months, 410 effective
picture records were identified and compose to OI to analyze the distribution and
seasonal fluctuation of sambar’s population at different monitoring points. According to
the results, the effective records of male sambar was much higher than female’s with a
occurrence ratio of (9:4=1:2.7). Extreme significant variation occurred between both
monitoring points and seasons on the OI of sambar’s population, showed that the

distribution of sambar’s population was uneven in the stand and inclined to grouped at

1 fTHbe e Z B gttealia KB BHRINTT A » @R(EE o B4 ihsinliu@tfri.gov.tw
Associate Researcher, Division of Watershed Management, Taiwan Forestry Research Institute, Council of
Agriculture, Executive Yuan. Corresponding Author. E-mail: lusteve@tfri.gov.tw
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some ‘“hot spot”. Meanwhile, the relative abundance of sambar’s population were

fluctuating and growing stably during the monitoring period.

[ Key words] population dynamics, camera trap, point count, occurrence index(OI)
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MEESER TR R IAZE RO 1998 4 6 H > BT &8 IR A FETERIE A4
EEMETE  BAROLESE 3 EaBRATHERRE - B TREEHE - FZEERE
MEET > FEEMHAEM T S FHVEBIE T - 74 A [F B R AY S BREEAE M 5 1 - DA
FEAEHAVERES (complexity ) Bz ) (carrying capacity ) « {{c#5 2010 4
SHEGERAUT  EMARIEOER - S ER - i - KT JiREERNTER
ot ~ R R B R B Y HL B PR S R BRI A S R ERY
RN BRSPS RERT(Z]—H7 2010 ~ 2014b ~ 2014d) - H THEAR S8 A= BP9 &
BB E S LG E I — e A RGOS RVEEE -

478 7K i (Formosan sambar, Rusa unicolor swinhoii) & && 0 ~ =/EIAMNE
REMENVEEE - W2 BEENRERTAEY) - HERrEEHEH - F8 4
it E=E L BAERSEEE - BONGERINVE B T e B SRR
> DL FUGRR B BB A AT O s 8 T Ry AR AR RE S A S B Y R A (e
75 255 2008)

ST KREFT T TAVIR SR B &2 » H5E T R 71T B(FPEE 2005) - &
ME(EEFRFLEE 2006) ~ JEEHIR(FIRIRE 2007 5 S5EIEE 2010) ~ JEEIFEN(EHAE
2010 5 ZESREH ~ Z2H{Z 2004) » S3AT FURELZE I (E (B S.88 ~ F282 2011 5 BHADA
F5H2011) » JhEEEH LR (RS 2012)FEH - HINE B KEELRE
HERY T B AKHIER -

TEFR B BRAY A0 BB B R BRI ZE U7 1 > 2232 F5(2006) 1 5l A & FHEY
A FYREREGE/KENEE - RHBEEWAIERME » EH/KERY R EE S
RIS B T B BEAMRSR AR AV SRR A i 1T TR A
AR RIETR AR EL A G B KR AR - =R NEREE ~ SRR
BEKBENFER R AEEER - B/ KBRS 17 B 2 2Bt
HrE 2R - Mg ~ e - SPIEER RN E -

BEKEAY IR R o R e LB PR ) — [ 88 > BRI &
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[E]5 > H 2008 FELARE - PR5ELL(2008) ~ SHEIFEE(2009) ~ PREARF(2009) » LUK %
H{C5(2010) > $33R SIE/KREGREE 2R IERAVESS - W HBIEAYEAZ (Tuga
chinensis) ¥ 5172 (Abies kawakamii) SIS R EHEE > IS T M 2 B &
J& ~ HpCEREE FAERE - RN SRR SRR - S H(2013a) 3R K
FEEME Bt EZ VAT Ry - ¥ CIR R ISR IS B B G & -

FEAC T NI ATE TRy S~ RETE R BUREE RN ZE A 2 MREARE(2011)
MRS Jo e MR B i S KB SR W MR (Cryptomerria. japonica) N TG kit
A > LAALAR B B S e (SR AR - T LB IR AE 3 S8 B N 1
AURHRATE - SR AMIR S (FEMEE G EYIRR ISR E -

LLE EhletHE e T AR EF LB HER B BT 5 - P ERE A S 5 R
HREZ B - BRI BRI RIEDNGEEZREL 1998 § ZE5HTE 1997)
s — B B BN EUEABRAYE T PRZED ST BRI AR MRS - IR
TERER > IR EGEYIARRRIHENZ I (BR 55 2008) » £5F(2012)
& PR Reconyx HC500 FUEHIFH AL TACE FET 2 2 (B P 28 200 R e L LI
RIU A BN A -

FRREA(1998) E > 1992 £ 28 1993 4] » BERRERTE 6 (Hithle - FIF EEhE
MR TE BV EB BRI AR » A A HERFEE(Occurrence Index, ODEFE
RELTE AR @S A BRI S SR (FE5 ~ Z21H(7 2004) - 5RESZ(2014)7F]
M B EhE A & S S LR B A NEEFER - AR R - SUE
HEF (2014 AR B AT BB AR RIS (e (S RUKREERV B PARERZE
Bl—¥ro14dy N ESE G BRI BAT R F TR 8 > S &EKRE ~ L5
KRB IREF BN RREE A S -

I ABFFETIE 2012 4 7 HE 2015 42 9 H » FIH E 8IS 408
TKIEEREFHET T Rt 39 {18 H By B - Wikt B Er b Ry SR T8 O1 > FILUAZ
& B KRB RIS R R e R - R R BES RIS, > LIEF
AREE AR - WS R B A B S E R A S

I ~ AR5 7%

D EEHBERS
AT MRSESER AT AR AT 72 08 AR 18 SEidpAii(N:22°37.5545" ;
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E:120°55.586)#E1T o s i M A 35 2 IR UE R e — 47 » Y84 900~1,100m >
5 PR R O 1200 75 (Michelia formosana) ~ S¢ [ (Fraxinus formosana) ~ Heats
(Cinnamomum camphora)S5 =8 & & [F A FATERTE - DIRTRIFEEINY 77 2ETEIRR
T 5147 9 TEURMEREH > 4 (EFRAE I - BRI AR [T 0.16ha » FAHRAE & A Z2HHES T »
EHRAE AR 1.44ha - 2 [ERE & B AV 2887 - SRR TAIFE Fy 7.8ha > &Y 1998
BT WFRHEETEAFE—RIVEMARERFEEE 1 - 2)(B—Hr 2010) -

1. M AR AR A RARM (220034 )
Fig. 1 Growth condition of the plantation when 5-years-old (2003)

2. AR AR A RARN (220094 )
Fig 2. Growth condition of the plantation when 10-years-old (2009)

an  BHIEAHERAREL
2012 7 H > FREMHIANAGEL 4 & Reconyx PC 800 RIS BUFEATHE - Tk 2013
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8 AFfNéE 4 & - Reconyx PC 800 AUFHIR(ER 12 TGRSR SRR d Ry eElR - 25
Fic 16 GB 2 SD - GEffifHmAE 12 6 i H - frfEERELY 20m - PP 1/15 7 - K[
BOLEA el > BIV#R RS MR rim i ((E 3) -

l3 Reconyx PC SOO*U%ﬁZWT ﬁﬁ%(& ¥E§‘m2013¢)
Fig 3. Reconyx PC 800camera trap (2013)

AWTFEEA_ELI3~5E H R - i SD-RA SR - BERIGEMA N —FAvEH
H201247 H 2201559 F 1E - HHELTRIA3E H ~ 12F AR - SRR
[ ~ IREE L BEFEAERIRIFTR -

1. BLHHSIR S L E

Table 1. Setting time and location of each trap camera

TSR AR AEEEm  EREm) N E
A-1 2012/7~2015/9 1.2 1,050 22°37.661'  120°55.629'
A-2 2012/7~2015/9 0.8 1,040 22°37.632"  120°55.639'
B-1 2012/7~2015/9 1.3 1,015 22°37.561'  120°55.620'
B-2 2013/8~2015/9 1.2 995 22°37.537"  120°55.609'
C-1 2012/7~2015/9 0.8 960 22°37.609'  120°55.527"
C-2 2013/8~2015/9 0.8 960 22°37.592"  120°55.513'
D-1 2013/8~2015/9 0.6 930 22°37.380" 120°55.516'
D-2 2013/8~2015/9 0.5 920 22°37.409"  120°55.494'

() BRI R
BRI R - 25 RS EINIZ 07 (2004) > LLURGREZSL(2014) > KB RIAR AR
SRy BACH: - SR T e E (point-count) | HYEHRE - AGARAI T IRA - EFEATH
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Y TR 408
L —/NRp RG> Aaca A — e - AR | EARUEA e > 50
REMESD RS MRl —(AG - A Ry [E]— (AR -
2. —/NEFNHETE 2 A EHERS > SR FIEREREC R -
3. —iRWER IR 2 L1 EEES > AISEESGR | SEERECH -
av) HFFEEREETE
SERCE SR Fr e kPR R BifgE 1k - 25 RFEATF(1997) » DURSEZEL - £/t
(19991934153 - &T5R Ol (Occurrence Index) DA ZRENVAE AR G B RIS E)
BARE © OI=(BIYI{EALRRE A U A e s B A2 A B A T (E R 880 1,000 /Ny > B
" RZAEMAERF 1,000 (A TIE/NRFeR - PR sk EIR MBS HER X H - DU R ERE)
VIRIRHAT R BB

I ~ &E5REAGT 5

(D) TR AR A £

TR TR BUE SRR« " AN SE iR - BB RS — R IR A A
EHERECERIRRE R R — R AR ERIERE . GREESL 2014) - JRHIEEHIZEE —
SRICF B — BRI LRI RF IO INRY) - AW B IR - LUK
2 R 25 B 2o AR B AR 2 -
2. BRI &2 2 TAERF B INEY)

Table 2. Operating time (hr.) of each camera trap during each monitoring season

25 =Sy HEIZRERS A-1 A-2 B-1 B-2 C-1 Cc-2 D-1 D-2 =1
1 2012.7~9 1594 1010 1459 723 4786
2 2012.10~2013.1 1998 1968 1712 g 5678
3 2013.1~3 2044 2025 1845 2102 8016
4 2013.3~5 2479 2447 2359 1739 9024
5 2013.6~8 1402 1647 1616 1100 5765
6 2013.9~11 1259 1608 1375 627 218 1001 1173 1598 8859

7 2013.11~2014.1 1271 1297 1360  @fE &gl 1220  #gfE 1256 6404

8 2014.1~3 994 1653 915 1380 988 977 652 1523 9082
9 2014.4~6 i 2005 1933 1822 1037 937 1884 2112 11730
10 2014.7~10 580 2494 2731 2303 2041 2137 2677 2338 17301

11 2014.11~2015.3  #fE 3252 3440 2617 3204 3489 2600 1968 20570

76



2016 AR EKE A ST E  71-84
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AEHRRE TR ECERE - BREEATNS [ 10 11 12 s
BT RE « B - AR TIFREUTRE - (65 8 SR 12 BRI 2
R T (RIS 0Ry 136,983 /NS -

() B ACHEER Ol 31

IR - FEE— I - GRRHIE ORI E0E! - Bl 257
o B 71 S MR 19 JE - TMERRE 8 S IARE 6 - SHREEAE
DARPUSERREE | % - (et T —IRIAF PR 2 0L AR - RIS TR | FE
S WA - BEATRAR 410 RO ACAGE 10,173 RARSY) « MAEHEEE 112
o G 298 4 + HERSWRMERESSHIE S - MERELLAIRTR 1:2.7 « SVIEEIEIAERE - MERE R
B (R A B IR B BE MU O 41323 4 5 -

% 3. HERERS & EOHEE K 5 F O]

Table 3. Male sambar’s OI at each monitoring point during each monitoring season

BEHZE A1 A2 B1 B2 C1 C2 D1 D2 A

1 0.63 0.69 0.42
2 0.00
3 1.96 0.49 0.62
4 0.81 1.63 2.54 1.33
5 0.00 121 1.24 0.91 0.87
6 0.79 2.00 426 1439 3.50
7 0.82 1.59 0.62
8 805 3.02 1.09 290 5.06 4.09 1.97 3.30
9 0.50 0.52 2.74 289 2.13 212 5.68 2.39
10 3.45 224 385 098
11 1.85 4.65 344 593 545 269 1270 491
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12 206 190 365 143 305 150 096 2.12

% 4. MERER S BOHIES K 22ROl

Table 4. Female sambar’s Ol at each monitoring point during each monitoring season
BHZE A-1 A2 B1 B2 C1 C2 D1 D2 &i

e
2 0.00
_--_

0.00

4.59 0.85 1.88 0.56

1.45

128 0.23

265 042 279 204 044 030 072 134

5. RERFR S EDNIEL K% ZFHYOl

Table 5. OI of sambar population at each monitoring point during each monitoring season
BHZE A-1 A2 B1 B2 C1 C2 D1 D2 %3

4 081 1.63 297 1.44

6 0.79 459 2.00 5.12 1627 4.06

8 805 3.02 1.09 435 506 5.12 197 3.63

12 472 232 645 347 349 180 1.68 3.46
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Fig 4. OI of male, female and population at each monitoring point
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Fig 5. OI of male, female and population during each monitoring season
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STUDY LEASED AFFORESTATION LAND PLANTING
FRUIT TREE ON INFLUENCE OF SOIL LOSSES

Jaung-pey Lin'  Chiu-hsien Wang® Chich-lung Lin®

[ Abstract] Solving the nation-owned leased afforestation land that farmers planted
fruit trees rise to soil erosion problems, understood in different natural conditions and
tree species planted situations on soil and water conservation benefit. The objective of
this study is that using current agroforestry-related tests and monitoring established
hillside agro-forestry on water and soil conservation and sustainable management-
related scientific basis data and models.

In the nation-owned leased afforestation land sweet persimmon, plum and shakya
agricultural districts set three soil erosion observation plots of different agroforestry
planting crops. The experimental plots are length 22.5M, width 10.0M, and area 225 m?,
to monitor planting fruit trees and woods mingle land soil erosion in the nation-owned
leased afforestation. Soil loss monitoring in Wushikeng, woodland (1.089 ton/ha/yr.)
greater than the correction woodland (0.321 ton/ha/yr.), and sweet persimmon orchard
(0.209 ton/ha/yr.) is least. In Meilin, woodland (1.318 ton/ha/yr.) greater than plum
plantation (0.326 ton/ha/yr.), and bird lime tree (0.213 ton/ha/yr.) is least. In Dinyenwan,
woodland (1.528 ton/ha/yr.) greater than shakya mixed dwarfed- trees (0.551 ton/ha/yr.),
and shakya mixed mild dwarfed- trees (0.507 ton/ha/yr.) is least. Due to steep slopes
and high runoff rate, orchard mixed afforestation land soil loss is less than the
woodlands. Orchard mixed afforestation for intensive management, maintaining good
covered by vegetation, combining with platform stage and hill-side ditch soil and water
conservation, mixed trees covering and firming soil functions, they can slow down soil
erosion. The monitoring result was similar to worldwide hillslopes complete vegetation
covered soil loss (1-5 ton/ha/yr.), and lower than agriculture and other activities soil loss
(13-40 ton/ha/yr.).

Orchard management, reasonable casting organic fertilizer to improve soil
properties, increasing the density of ground-cover vegetation cover can reduce surface

runoff and soil erosion occurs. It is recommended that planting fruit in nation-owned
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leased afforestation land should maintain vegetation coverage all year round 70%.
Farmers generally cannot accept orchard mixed afforestation. On steep slopes and top
soil prone to erosion, suggested clumps planted and contour mixed afforestation.

[Key words] Agroforestry, Soil erosion, Sustainable management, Fruit production

district
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G SR R & A S ERE - SR (1.0) > EUEE0.75) > il (0.44) -
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* 1 SolBRE i BBk

Table 1 experimental plot location information

=7 2H THEE
MASE AR
FETEH iR OHE AN MRS R T AR i© o SR
RGeS 120°5628" 12190628" 12075627 120°3346" 120°3335" 120°3329" 12190636" 121°0628" 121°0628"
4B U1814" 04856 241815" 23°1115" 23°1103"  23°1121"  2%4904"  048%6" 22°4856"
TEEREm) 1068 780 1045 674 666 616 242 248 243
Vil (0) 169.5 328 328 314 311 222 330 345 348
() 23 315 37.5 14 15 18.5 19.5 10.5 13

RS 1183 203 27.08 5 5.63 8.1 8.87 3.07 4.4
WrEATEHE: 044 0.5 1 062 069 1 202 038 1

3 N BB Ry (B RABHER IR FE I 1)/ CE MRS FE R 1) - ST ER RS | B2 EE 8
ELASARE R - 36 HEREROR HIRRRTE TR -

: ok ' [ < . RS B
%zgﬁi@./tbfﬁﬁﬁvﬁ 2 bZ S dEBERERERE - Bl
[l 1 SRR R A

Fig.1 experimental plot status pictures
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AD LB

R PR T IRV T SR BRI - AR T ah T BiEiat ) DA RAVAS R o I
et JyRoR - BEpeREile N - K2 o HIEEDIe RS o HEEehpiAns o g
e E{EZ NAE SIMER T2 2 - NAERS TRV S AL ME - HIEnY)
HYE RS TENER - S - FE - fLEE - SKER TEENEKEESE - &
Hr R fEE  BIAEME Ry USLE AUHREt R B0 P a8 Km 2 28 - 1 T4
HEEME A LR ERE &8 K DIEETENEE ) - HEPSTEYEME M b
EMERGEY) - HARE N HRFIRRPERE - 2ER - G/KEFRHE
TRV E S -

R =R A MR ERE RS EEEE 2 G RFESALUEL - 4
WER(E MG E - RS EELT 10% - HEEHE 90 cm » & FEMETEHE
Bt > B ERECIPREISSE - > WREAEL 5% - TIEEEHEE 75 cm
ERIEEEBYEREL - klgEhca R bPkaysss - REaEs 5% -

TRV E A AVAE SRR 2 0 BMREUR Y TR E - fLERER - BKE
FoBIERESIE - TR EZEE SRS EHE - AT SRR =R
ELLEAN 1 R HIRYE M EE S - TE2ERRBESHRHE - RIBE
SEAMEYIEER 3 - S2HE/ NFoR TEZED  EAMFERED - B e
Hawy K2 TESFESEEMFIERS - B EPeiHE K -

Savt=(EmEE TIEE B ANER AR EEE 119 g/em3 ~ S 1.08
glem3 ~ #5fiE 1.05 g/em3 ; FLIEER ~ B7KE - TEHEZERKARESE  S5lE2
R/NIEF? Ry tastiles > #E PRI > IR - Hgsa = (#5080 1885 5 RV IMIEFE 73 Bl Rybie
i+ 1.33 g/em3 ~ ZEMAHE 1.24 g/em3 ~ HEHEHE 1.18 g/em3 3 FLIER ~ &/K&E ~ +18EZ
FEREAREEE  &8llE 2 K/NEFF R RIE > Ehkit > Bn+ - THEE =(E
iR TN B AU INIEFF 77 R R RS T IR Bl& 1.46 g/lem3 ~ MROREER(BIE.37 g/em3
AR 1.32 glem3 s FLIEE ~ /K& - TEBERKAWESE » SRllE 2 K/NE
F7> Ry AR > MORIRA Ll > MORES (LI -
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Fig.2 experimental plot soil profiles

TEAEAERE S, TEER > GBS TR - EREEAOKOERE 0 H
RRSTENY 188 - KELZE ROVRS R » TIERS RIS B ki) - IR A
/N o FLBRERBER - TEKAVGEEREN N » o B IS A TS KE - DR
ZAERah o FEENEBDZIRIER o R IR A L E AR o
TIEEEE > LR - AWE & R TR R IR - St EA
JETEE 3% AFE BN RMEIE R & K& RS - B TIRARES e T8
ko3 ARG TRIEE ST TR ENGIR S - 01 SRn ki B e M R A B 1w
AMEEKY: - BRIKDNASE I B SR PaRER - ILEHR L2+
SEWEEEL R 7.0% > HIRIRy 3.3% » PNy 2.4%E0EH > 2008) > ZatbalEm s £
HEAWEEER 79%~3.8% @ BIHAHTT - REHVECSEH - &0 —FFHE - BLEHIT
AR - SO AR S - AR A ERGI  ME IR - 1IN E -
FLBaR - ErKEE YR - A FERNVES > Wl 8RL -

% 2 olgla TRV R AL SRS

Table 2 experimental plots of soil physical and chemical analysis
Sabt fese JHEE
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SEUEE  HE REE S EE BT s *ﬁ;@ *Z;iz bk

R EEm)  1.05 1.19 1.08 1.18 1.33 1.24 1.37 1.46 1.32
(ELME) 097* (1.10)  (1.00) (0.95) (1.07) (1.00) (1.04) (1.06) (1.00)
FLpgE=(%) 61.01  55.66 59.89 5577 50.07 536 4791 478 5115
(EEME) (1.02) (0.93) (1.00) (1.0 (0.93) (1.00) (0.94) (0.93) (1.00)
SKE%R) 2723 2244 2696  18.93 15 1522 1712 1859  18.68
(EEE) (1.01) (0.83) (1.000 (1.24) (0.99) (1.00) (0.920 (0.99) 91.00)
SiER(mmmr) 1134 912 3336 456 1392 3672 42775 11.16  3.64
(EL1E) (3.40) (0.27) (1.00) (0.12) (0.38) (1.00) (495 (1.29) (1.00)
HI%E (%) 791 6.29 7.07 5.31 4.25 6.73 4.67 3.59 3.82

(EEfE) (1.12)  (0.89) (1.00) (0.79) (0.63) (1.00) (1.22) (0.94) (1.00)
NP HIE Rk B S8 F S Mt S BEEEE

*®3BEESH
Table 3 the permeability parameters
SHE BB (mm/hr)

6 fixig <1.25
5 e 1.25-5.00
4 HE g 5.00-20.00
3 R 20.00-62.50
2 P 62.50-125.00
1 LIS >125.00

IDHEREE R EEFE K C-EToH

FR PP AR A R AR - S ENE TR E(ER] - #RERAVBIREE A - £l
FEIR FE RN ~ [Pl B =5 & SUMRIHN T 2 ArRe ROy TRV RE I E S
R RIFHTER A S - R GG EN TP S - HYEEREER
% G N2 - Wt KrEEE TR - e/ DaVER - R
TR e BLR DI A RUK R - R I ey SR A - A IR TR P
T @ECEE LR eRAN S - 5 VH HA RIFEMESIVE - 8P ahRyy
£50.001~2 t/ha/yr. (0.0001~0.1538 mm) ° LItz A SEEENG 4 78 2 TR ERE By 1~5
t/ha/yr. (0.076~0.3846 mm) » [E-E 5% S HAUSENHIBARE > Bith g el G
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13~40 t/alyr. (1~3.076 mm) » 7EFELEEF G A7 AU - BB e
#E 400 t/halyr. (30.769 mm) (Piemental and Kounang,1998) < 524} » HEItEYA 8 SIEE
RIFE > G NIRRT E > SO D {EEsReE fhahny
4 BT T B LS ROVIH S B R R SRR » SR ZE R 1%
IR (I 3585 -4 4.56 t/halyr. (0.3507 mm) » 5 HNFIE HG 7 25 52 % » RIFF#%
& B 22 15 P9 ] RE A 18 Al E B8 4E (Zhou et al., 2006) - i EERAZE4E R » HEH L3
FESTENE  BUMAERAE SIS S BT - R a4 -

H7K 3 S BRI PAE A R Rt e AR T S a4 A ARSI R
sl N TR ESS > AR g H hehE > (5 - HEFEEEE A
SIEAREE - 5% - BhEEER > thREERE  EREEREEESE - RE
BRI AP EEAEHRNT CER S EHhEYEE S/ N\ EES
58 C ER > HIEAHEESMHE K K2 HIgEYE S SR > S
TEE C {EEREE/]N - T IEA P BB 88 /]

EAGTEHHHE R N~ HHE A E T 11 Bk 1815 2-4m > BTSRRI 50-70
% » MG T T AR R 8.8 %k 712 % - HEATEESHSH C HERDHE
0.04 K 0.027 ; MIESERFE AR 10 Bk 1155 5-Tm » fEEE RS 60-30%
OB AR TS S 60.5 %R 702 % » AR TR TSR C 57715 0.039 % 0.027 5 Eife
A R PAE 2 70-80% > HUHHEABEE A Fs 549 % 359 % » TEAEE
FEEC EYRR 0.04 K 0.09 » Fikles 2 M A A TR RO > el ok - At
BT - 1A A TE B (R s AR (1.0) > BHAEE (1.0 Kz 0.3)>IXIEE (0.98 &
0.3) » EHEABEIEEILEAR | FamaiB KR ERE -

RS AR SRR P S 2 85-95% » M HEA T EE 3 HIF 765 %k 22.3 % > 1E
ATEEFHC 57715 0.003 K 0.16 5 M BHREEEARE 2 50-70% » s iEE S
Sy K 469 % 647 % - FEATEZFERL C (E57A1Rs 0.073 K 0.085 5 Bl AT A g
FE#E 60-80% » M AE AT A 70.0 %K 76.2 % - THAFE TR C B 57315 0.026
K 0.029 o fsEtafiHE » Suld 2 A0 A BRI E HIEE0.0) > s 2.43
J2 0.53) > BAn+18(0.87 k2 0.18) » ELAE/INA 1 2 FRom ek 1t/ N iE AR -

THEERNEEN 2 MARREE > BN ABREETERE R
50-70% » 4 ZE04 MR AE A= T ETE 53 A1 60.0 %0 MR T EFEE C (B 0.038-F T HZE »
A A 7 SN A R 79.7 %o » WEAE TS TE C {H % 0.012 -
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MAREE R - S AEAR - e s E ) - BPAE & 60-80% - st ta A mEe
TR 68.7 %0 61.4 %o RTRER Ko Ml i FLAY BE % - HE AR HEEN C B R 0.026 2 0.038;
RS > RARISMHIAR 44 B > BPARERy 85-95% @ HtE A EEEXTIEE
AR 427 %229 % - AJREBLRIPEZ F B PDERA E AR - BUEEEEEHC EE
57k 0.083 J2 0.3 - THEESRNEE > S5lE 2 H4EE EEEILE AEMWE.0)
> MARFRAEE(0.46 K2 0.04) > MAIEREFR(BIE(0.31 k2 0.13) » EL{ES/INR 1> Forif
BB/ NS -

* 4 SR A A E AL C EHOMT

Table 4 vegetation cover investigation and c-value analysis

B e T
e ‘ . , 5% ]
NS B MOEE S O BT b T T
s
RO 50-70 60-80 70-80 50-70 60-80 85-95 50-70 60-80 85-95
FE%)
a2
st 58.8 60.5 549  469%* 70 76.5 60 68.7 42.7*
%)
& T
é*%%& 0.04 0039 004 0073 0.026 003 0.038 0.026 0.083
B
1 0.98 1 243 0.87 1 0.46 0.31 1
LEfe
T
1.2 2 . 4, 2 22. . 14 2.
(%) 7 70 359 64.7 76 3 79.7 6 9
B
%*ﬁ% 0.027 0.027 009 008 0029 016 0.012 0.038 0.3
T
BE
0.3 03 1 0.53 0.18 1 0.04 0.13 1
LEfE

HEAEBEEEBLEH-GEABEEEEFR/ENEEEEETFR

RSMEAFESHATHNT CHE

Table 5 vegetation cover and management factor C-value

=R 7/ U = NI o4t Y EE E(%)
HURE KA = e A (%) | 0 20 40 60 80 95
I T 1S = 0 0.45 | 0.20 | 0.10 | 0.042 | 0.013 | 0.003
SRR
R 2 . 1 : . 013 | 0.
A T Om 5 0.36 | 0.17 | 0.09 | 0.038 | 0.013 | 0.003

96



2016 AMEKELL ST © 85-104

i E AR

o 50 0.26 | 0.13 | 0.07 | 0.035 | 0.012 | 0.003
TR B e Om

T E AR

O 75 0.17 | 0.10 | 0.06 | 0.032 | 0.011 | 0.003
SETRRETE s Om

EARBCER

o 25 0.40 | 0.18 | 0.09 | 0.04 | 0.013 | 0.003
SETRETE s 2m

EARBCERS

Iy = . 4 1 . . . 12 .
SR TS om 50 0.3 0.16 | 0.08 | 0.038 | 0.012 | 0.003

AT

N 2 14 . . 012 | 0.
AR TR 2m 75 028 | O 0.08 | 0.036 | 0.012 | 0.003

FEN{E f g

TS, 25 042 | 0.19 | 0.10 | 0.041 | 0.013 | 0.003
SEEERREE B s 4m

FERN(E ff g

el 50 039 | 0.18 | 0.09 | 0.04 |0.013 | 0.003
SETRETE s 4m

FERN(E f g

st 75 0.36 | 0.17 | 0.09 | 0.039 | 0.012 | 0.003
“FHHIRESE T 4m

(V)RR Sk A R A

{2 103 47 12 HE 104 45 5 A1k B S HEENZ AEW 0 54 11 H
ERF 4 ARGEBAREZRRRMMT - WL - 12 104 F0)(1~4 H) - =(E5%
&[N B ERD B g & 100 mm- & H 1Y N RREEIIE 10 KRAE -
BRI R SR ARy 7 mm/hr » SabislEiEiRmiL - SRILEREE > R
Ebos —EE BRI S L8 > P E SRS 10 mm/hr > AIZEF] 12.5 mm/hr ; JHEE
A AR R - RIEEZIE - iR R tgsEstlE Rt R IR I
TER] > FEpR B /D - e I = 5EalE 2 & /D [N 2 PR 8K HT Ry Ty
HFFEMGEE/N - /NS E > EAMFIEREHE ) &P REidah - B5E S
HEMEHEIR - TREE ~ 58 - At HEENERI - FEMRE - iEME
KRR BRI > MR FUT el ERE 0 - 5 TS - 1k - Sat
R &3 70 B 119.5 mm ~ 831.5 mm Kz 788.5 mm » HHAE 5 H 24 H - tezEalEfF
N KPR B SR Ry 75.0 mm/hr - BEHPRE R 365.5 mm » ELEEREASEN 350mm/24hr
2R AN BE Y HRERDZAZE 50 mm/24hr K2 A528E - RN Rt r i
AT - R P RS R R A » BERRZICE - IRV R B A E > = (E5UER
BN R BRI E A A i > BHE Z RGN - B E S
AYtEE 2 1090.0 mm fyfe%  HAOR M 916.5 mm - &/ NRIEEEHE 317.5
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mm ; GETERKELAIEEEE Y 56 K% > SAabiElEs 4 KR > s
Bl 38 Kig/b o B H B KRR s S DI sERN I >~ 75.0 mm/hr 52K > EXEBEA
Y&~ 14.5 mm/hr » /N ETHAEERNE 2 8.0 mm/hr °

F 6 EIEMEXEE  ARE

Table 6 national forest agricultural districts month rainfall amounts

B fiat TE
i gﬁﬁﬁﬁ%%%%ﬁ%%%%iﬁgggﬁﬁ%ﬁﬁﬁggg

(mm)  (day) (mvho) (mm)  (day) (/i) (mm)  (day) (mvhn)
2014 12 400 7 4 275 11 30 17.5 6 2.5
2015 1 580 5 2.5 13.0 1 7.5 41.0 4 50
2015 2 285 6 11.5 255 2 6.5 110 4 35
2015 3 830 9 10.5 70 4 2.5 60.5 11 70
2015 4 920 9 12.5 120 4 1.5 63.0 13 70
2015 5 7885 8 14.5 831.5 16 750 1195 18 8.0
2015 6 —- — -— — — — — — —
Zfipkie 1090 44 9165 38 3175 56

7€ 103 4 12 H A% 104 5 5 H ik SEBUHIE S AR LA et 412k 7 -
SabE R EEER 2 E 2 BN E R 1,090 mm - BFE TR A EERE © B
& 0.099 ton/ha<f{ IETE 0.152 ton/ha<i&HREE 0.516 ton/ha  #5LAIAEFR & 2,300 mm Fyfdi
B2 MEE® 2,300 mm/1090 mm £ 2.110 > fEE=FEH LRI ES AL -
EAEE 0.209 ton/halyr. ~ IERE 0.321 ton/halyr. ~ 2K 1.089 ton/halyr.

M I R 5 2 BN E A 916.5 mm » BREHIERALLE: - B Fl&
0.085 ton/ha<tEHEIE 0.130 ton/ha<iEARIE 0.525 ton/ha © #5 PAFEFRE 2,300 mm A f{hE
ZHE > MREEER 2,300mm/916.5 mm £ 2.510 > E =FH 2 FE IR ARk > 1§
Bl 0.326 ton/halyr. ~ BEARTT1& 0.213 ton/halyr. ~ #ZEHFKIE 1.318 ton/halyr.

TEE R IZENR &5 2 B E A 317.5 mm  /NPFARER(EE 396 mm > £
RECFEFRALIE 419.5 mm ELEFREE 419.5 mm 2 fE G ERE > 2R E - ZRAYERN
R RS2 2 - S5AME TR EER - R ER ERA/ NI RE - BfE
3R FhER ¢ MRS BB 0.070ton/ha<PRARIR(EIE 0.076 ton/ha<i&ibkiE
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0.211 ton/ha~#5 AR & 2,300 mm Ry fEHE 2 A% (kbR 317.5 mm/2,300 mm £ 7.244 >
R = 2 F TP ahR oy B R MORER(LIE 0.551 ton/halyr. ~ MRORESEERE(LIE 0.507
ton/ha/yr. ~ MR 1.528 ton/halyr. °

PAE=FREA MR & R A 3 (EEUR s T et & 455
1EF3H HA R E A SR - T8hetE K 0.001~2 ton/hafyr. (0.0001~0.1538
mm)FHFFE - B/ NA LA e B AE (7 5 <~ P abE 1~5 ton/halyr. (0.076~0.385
mm) S S K At G B B R Rt T B kAR 13~40 ton/ha/yr. (1~3.076 mm) » 3lfi%E

JINIA R b TR AT A LIS S 1 2 T 3380 8% 400 ton/ha/yr. (30.769 mm) e

* 7 BIE MR E R Z [ m e AT

Table 7 analysis on the rainfall erode national forest agricultural districts

A SN
BT MIFE A,
fEER  BURE  EERAe BUARE  TEERA BUAE LRk
H(mm) ZZHFfHE = (ko) FZHF R =(ke) JE R =(ke)
2014/12/18- 2014/12/18- 2014/12/18-
0150113 01 2015/01/13 05 2015/01/13 05
g 2015/01/13- 0y 201501713 03 201501713 |
2015/03/11 ' 2015/03/11 ' 2015/03/11
2015/03/11- 2015/03/11- 2015/03/11-
163 2015/04/22 04 0150422 05 2015/04/22 18
2015/04/22- 2015/04/22- 2015/04/22-
86.5 2015/05/18 03 01500518 04 015018 09
2015/05/19- 2015/05/19- 2015/05/19-
742.5 2015/06/03 1.2 2015/06/03 L7 2015/06/03 73
1000 EfE& 2.2 34 115
sl (ton/ha) 0.099 0.152 0.516
HErpERE (fon/hasyr)  0.209 0.321 1.089
B.fg2E
s BAR T PRI

PNy EE Bk

BUAGEE  THER

BUAGEE 3Rk

=(mm) 72 &=(kg) 72 = (kg) it = (kg)
275 2014/11/20- 01 2014/11/20- 01 2014/11/20- 01
2015/01/07 2015/01/07 2015/01/07
2015/01/07- 2015/01/07- 2015/01/07-
45 0.2 0.1 0.2
2015/03/31 2015/03/31 2015/03/31
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2015/03/31- 2015/03/31- 2015/03/31-

12 oisi04n1 "2 01504 "2 0rss0a 0
2015/04/21- 2015/04/21- 2015/04/21-

s 2015004/ o 20104 o 20104/ 0
2015/05/19 2015/05/19 2015/05/19
2015/05/19- 2015/05/19- 2015/05/19-

817.5 2. 1.4 11
2015/06/03 2015/06/03 2015/06/03
9165 HfE 2.9 1.9 117
6 B (ton/ha) 0.13 0.085 0.525
gk onhar)  0.326 0.213 1318
CIHEE
HAEL PR REREAL ki

SAER  EMGE  BEERk BME BEERk BAE LEERA
E(mm) F2iFE =(ke) FZ ¢ (ko) HZ IRz fH] =(kg)

)5 2014/12/03- 0 2014/12/03- 0 2014/12/03- 0
T 2014/12/04 2014/12/04 2014/12/04
2014/12/04- 2014/12/04- 2014/12/04-
129.3 2015/04/01 0.45 2015/04/01 0.4 2015/04/01 1>
60 2015/04/01- 03 2015/04/01- 03 2015/04/01- 11
2015/04/22 ' 2015/04/22 ' 2015/04/22 '
23 2015/04/22- 2015/04/22- 2015/04/22-

2015/05/19 0.15 2015/05/19 0.15 2015/05/19 0.3
102.5 2015/05/19- 03 2015/05/19- 0.7 2015/05/19-

2015/06/03 2015/06/03 ' 2015/06/03 18

3175 EFEE 1.7 1.55 4.7
g (ton/ha) 0.076 0.07 0.211
b & (ton/halyr.) 0.551 0.507 1.528

(V) USLE AR T8 ahE

FHHY S o B [FIAY I - BRI ~ #ifP ~ 138 ~ 3% - Hhimia e
EEE ~ FOKERFFRBE SRR - EEAN RN FRIE A TP et - 45
RIBZLL BB 2 EHEE - RS R R @SR E T R E - BRI
Bz tighahE o BENGERGE o S IEA EEA R ENY IR KRR
(B S ERAY &S SR K IERERY - N R fEAH EIRYRE R RAAIEE M 58 B FERE
DL T MRS FAES ERER T EomBh - 2SRRI R SR FE SRy s R
Ry > BEREHE B2 B R RAY BT V) BILL RSB E - BIAS LT SLig sayiEmk
it BIUE B FE BB HoAthshh > (NI g ARz TR & - MEREH
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¢Z

RIS AR > BRI - S ATt R e Eny S Mt slE
AR A A S R ERR - TR R EREN N g ) > N e
BHEK -

L

< 8 % USLE A3 S K C AR Zalipls i ehE

Table 8 change USLE formula” s s and ¢ factors to estimate plot soil erosion amounts

565t figse THEE
R H \ L PR PSS
S S S fRE BT S it (L b=/ NEUA
B () 23 315 375 14 15 185 195 105 13
BFERF-S* 11.832 20303 27.078 499 5627 8097 8875 3.068 4401
tEESTEEC 0027 0027 009 0085 0029 016 0012 0038 03
EHDahE 0209 0321 1089 0326 0213 1318 0551 0507 1.528
EIE S R 8875 8875 8875 8875 8875 8875 8875 8875 8875
EIE C 58 0025 0025 0025 0025 0025 0025 0025 0025 0025

EIES RsaiE 0157 014 0357 0579 0336 1445 0551 1466 3.082
EIFECIEEoHatE 0194 0297 0303 0096 0184 0206 1.148 0334 0.127
{EIFE SC g 0145 013 0099  0.17 029 0226 1.148 0965 0257

*H R F1+ S=65.4sin6+4.565in0+0.0654, 0=w/180*n

Ry 1B R A [F] AT RE G AR B 5 > AL E B IE SR EN TS
KA EAEH-C > A USLE A(HVEE > B R Saliple 2 Bk E -
0 MEIE S N7k C 58 USLE AR sllalE tigheh EBHVaE R - fassl
Bl 51 R 19.57 0 SRS B Sy EL&Y Ry 35% o WA 0%8 55% i - FiSA
-S WARETR  FEIEIES N7 8875 - K s Rl B e R IR AN T-S 1% - 75
o EEIES INT-8875 » RIHGENELLE S INTHRAHE Fafe - HERHEER  idbiitla 38 b e
SR FEHEREH T BOh ek S AR S E SRS BRI EOR - iR T
BREEIN - HSEUREE RIF - HEE SELERAE T0%LU L > RIBIER . C 18805
0025 > R et EHP et PR ATENFE STEEC PR HIEIE C 15810025 - BISEIELLE
C 58T alE - HERHRER - 1Mt 8 el 8 R E TR - FEHBREH
Z et E AR S EEMEEREIERER - IREENEEE - gl
HehE o R R E AP Eh SRR AR EIA TS FIEFESTEEC R HEIE S
8875 ke C 15850025 - BSEWEIES ~ C e8I HE e - #ERHKER - SulRiaiitat
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Bl 2 T3 etk B R R A BB E R . IR aR e

LA
IV > \\‘DEH:H

B MM E > PES AR IR ARG - R E e TR SR
e R R G - &E 3 AR YR EMOK TR R - T
B > Y LEE SN > UREA SRS ST RENE R
R FK N8BT - HFR/KIVEEETER ~ MRIEJE/ DAVAERS - 5 R AR
PERELE DI RIS RK & o AR B Eh S AR T - BIDRBRMEMEIRIE
EERE ORI - A B R AR B PR B B o LR R ARBR I 17 S Bk Or B 1)
RfFEER 2 fchE o

A MRS AR AR K LR BRI R B aYUSHitEE 2 +
MK 8 Fs(1.089 thalyr)>KRE B 2 SR & A& (0.321 thalyr)>H & B & fifi &
(0.209 t/halyr.) s fF5E 2 FEME(1.318 t/halyr)>B S 7 - FEE0.326 thalyr.)>FKE
H AT FE0.213 thalyr) 5 THEE Z EHRE.528 thalyr)>HEH 2 MARER(CE
(0.551 t/halyr.) >AEI Z MAEEEZ(BE0.507 thalyr.) - REDEEMAGIER K+
kB B EOE I EE Ry T SR R Ry i it ealRh 2 S b - e R -
REPREMORE RSB SR RIFttE 4 S - JRENMORE A Z 0iRaE
TIRAVDNRE - BURRIRER TR o BRAE SR B LA SE R A A 2 s
Bh% 1-5 ton/ha/yr AHAT - LS R HMUEBIGA M - 0P ahE 13-40 ton/halyr.
Fy/IN o Sl NI S A7 7 LL3RZ S ) 122 FE -E 438 i 400ton/ha/yr.(30.769mm)

B E D EE AR E R - R ~ #0580 - MEHE A EES
o~ BoKERFFEEIEGTEARTARE > EEARENRE R L8R a1 - 72
EHLE | FRE » ERSINETE/ IV REELUABRIE SRS - BT S
HiEmaRE HEhahE > BAIGREERNG W FlASEMit b A EE IR AE
NHEREER  EEENIERE - MARBEE > el EHERET -
FEEARIETE - ARSI E &S -

AR A 7 R DIt R ORI DIRE Ty B FLAERIE AT A RUR D
FOPED > WA R E > A THECR BT 8 - IR DRER > BT ARE
M REEMHE - BREERA > WG MRRIE RHUREL - SRR - Nk
CERE A8 A R 2 0 e TP - 25 (- (o PR ERBR A - PRZRHARA L H R e o
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SEFESIYE (Coffea arabica) 4 BT ARSI TS
U ZEM SR B

fZEsL BUEERR

(] ke —EfRE R E M B P BIREREE G o e EfEtE 77
FE P —EHAREEE > BFACERSS D rEEmyE  mEaeonEEE Al e skt
R A A R AR N VIR - Ry T IR R [EDERE N A RIES - AR
BB ik —AVEFERMIGE REliatE & - SREHMEREDEIRIREE T - ik
IS NEIT RRELAE BRI L - TESNBIZAE B> IWEAYELBEmE N G EE eE
{biMAEEEER - (HE—CIEE T e gthEEmiEns/ NA T - BN
KBS - BERRIYEE T B AR AT RE & AR I PR BE - A BRRIRTTIH - T4k
ZaELR b aRCARDLE LA BEEZ R YL E7ERE R It 2 FIPRH] -
HIELGEER ab EREFTLAIER—LE BT g &R - IR R EE iRy 45
R HrRimyEe R - FRERIERMPZELER PREEAR - fER S TFR
et (Bv / Fm) » WIYEELE 50 %A s AME » R & SR s - (AR
B AR (LB o BB T{H IR (Electron Transport Rate , ETR ) ~ PSII
JEETRER (Yield) ~ JeE2IHEL (photochemical quenching, qP) EHEZE ECEEHE I
HEEERE > Yield AELE 80% L& » BURimykE —3E R EIREERZ T -
AR A 1F R R AR R TR R - (HEERSSL S E BRI AR Tt - MIEREHBL

(nonphotochemical quenching , NPQ ) 1EXERE A= FIANFHEE A [F - (URINYEEES
FIFFE B MR R 2 ERE - &7 il > ZainyEREAE RS » v DAR R (50% )
Ry TEBCRHYEET - e E AR JTRER 2] - (HHESEETERE th it iA A
HUETT » R AR e @ /Ry JAt F IR - S5AMR R Ry st EAL - DAFE gk
BITERPREEL - ERPR R E R A RIF M A U#EE -

CRESERR ] vk ~ SERE - EhEEmRR - BEARER - TEARREOE -

VT P R b S R A
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JEREETUYE (Coffea arabica) AERAVPARELAEFZ R LIEZRMGINYEE KB
EFFECTS OF DIFFERENT LIGHT ON THE
MORPHOLOGICAL AND PHYSIOLOGICAL
RESPONSES OF COFFEA ARABICA—A CASE STUDY IN
HUI-SUN EXPERIMENTAL FOREST

Yi-hong Chen ! Chiung-pin Liu®

[ Abstract)] Coffee is a common agricultural crop all over the world and its economic
value is important for many countries. However, the best environment to cultivate
coffee is still in debate. In tradition, coffee trees are planted understory where it is
similar to its original habitat. But with recent research, many modern farms plant coffee
trees under full light. In order to know what is the optimal environment for coffee trees,
this research is going to set up an experiment to find out the relations between light and
coffee tree growth. The experiment field set up in Hui-Sun experimental forest. Results
of experiment showed that coffee leaves had not a significant difference with different
light gradient on specific leaf area (SLA) but the lower leaves had a larger value of SLA
than upper leaves. This indicated that upper leaves of coffee trees shaded the lower
leaves and made them become shade leaves if the coffee trees had no pruning. In terms
of physiology, the total amount of chlorophyll a and chlorophyll b had no difference
under the light treatment and resulted in the limitation of the potential capability of
photosynthesis. Despite this, chlorophyll a/b had difference between upper leaves and
lower leaves, lower leaves having larger ratio of chlorophyll a/b, and this was
correspond to the result of SLA that upper leaves shade the lower leaves. In terms of
chlorophyll fluorescence, the maximum photosynthesis efficiency (Fv / Fm ) has a
maximum under the 50% shade , indicating that the intermediate shade is the best
sunlight environment for coffee trees. Electron Transport Rate (ETR ) - Yield -
photochemical quenching (qP) had larger value with the increase of the sunlight.
However, this is only in single leaf level, the potential of photosynthesis is still limited.
NPQ has a significant difference between 80% light and 30% light which means coffee
could utilize NPQ to eliminate excess light energy. Above all had mentioned,

intermediate shade was the optimal for coffee trees. When under full sunlight, coffee do
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not have light inhibition but hard to utilize excess light. Hence, coffee trees are
recommended to plant understory in mountainous area for better land use arrangement.
Also, coffee tress should be pruned to control the morphological characteristics.

[ Key words] Coffee ~ Light ~ SLA ~ Chlorophyll ~ Chlorophyll fluorescence.

IR

IE R R RS L A T B ASE o EEEEHAERI TN ~ JEN - ZE o HAREk
NETF IR ERLE A (Damatta, 2004 ) - fREZIH GBI BIEZ E ELET - ik
A REE AT REELL —  HPFRGAETRASBEEFDHENIEE (Aragjo
et al., 2008) » [a[f1 EERINGE (Coffeea arabica) J21H5% LOfIMEE 2 A0 - (X EEF &% -
JRAERIEMART - PRI aE Ry /& R AP (R 1 R ERE (S AR AR
T o P DA SRR AR 3 ZRERET o (BT FAREF LR FE Y - AR St NAEE Ry YR
BB RILZ PR AT - (EEF IR ARSI (E 5y s
MM T2 e RHVEH (Damatta, 2004) - UIYEEHE & E S FER2 TEE - R
RS2 REE - D RJEEEZ - AR AR SRy B — e+ - At BEfkE
KNIPREED &/ AEFRHIZE (BREES - 2015) » JiA DA Tt et DARG e 2
=% (Muschler et al., 1977; Matiello et al., 1989; Lorena et al., 2000 ) °

HEEYERNNETTE  REEENAESEEYERPRRENER K
JeHREREE Y ELEEEE (Leaf Mass per Area’ LMA)~ EEEE[AIFE (Specific Leaf Area,
SLA) &g » FaUPREER S AREREERE - B5H BEEHE  DIFEIGES L
AE (EAESCEE 2 2008 5 5RZFREE » 2000) - MCHREHEY A BRI 2 - FReiEHEsEER
EE ~ BEAE a/b HE - EYPOLETFRESEER  (OIRIRE N - EYEGRES
EERS > EAREAVELRE a/b EhE - NEEGR b 2B EEARE £
EEERA BN EYE LR Mfe s (B > 2002 5 =F50E, » 2004) -
EeEf b BOEEREFAEY AR A ERERT (LSP) ~ SEETFREAE
R (Amax) HEDEHIHIEHE S - e e BE T - HYPeEERERE
HELE - BEINAE S 2 OEREERS - (HR SV A A R R B FE R AR 4
REREMEYIME 2 MREEITEEFEN - 5990 R CRERSHEYIAEAE]
JEHRTN » SR ETERIFI A ARAY G - IR IR IRE o FEYED IR
RIFK > BWLICRERFHIEEERMEY (NPQ) ~ EELRZEE (fluorescence ) HEER -
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SRR (Coffea arabica) 4ERAVVASERATIR/ B LIMIFERBIITHE 51

B EME PG R I AT » — RIS > YCREHBUE LB BIELINS 80
% > JESEEHHIEING 20 %o > LIRS 02 % ~2 % - TIATFERIEER » BELZEY
AE R —BEOEEAEER - HOE nRE s H A SRR RIS T -
SEAGERE (vivo) HEGRBOUNE CulEERE > 2002) -

BEHRECAT ZMINELE - sk - EeaEE - HAeENS EIRER
i BERGEBEHENYFE BEEME - SN EAmedE KR - $tHaE
R S PR AR R SR ) > HANEL Z AURTAL - SR BRI LR AR R
AER > NI - AU ERET Y E SR mia A IR R T > A BE
RRIER - AERENVAE=" 85 1. BRENYHPREREFEDCRERER T 2%
552 JEMIYEECIERIE AR T - AR 2 8ME 3. HEHIE G a8 IEE
TEAVIEIZAENE -

I ~ FTAAS

(D AREDEEE Fued: RAMEEREEME
FEOEE A iR - iR AG A Y B B A S FTRE 2 AR B 2 S
JEAHRH - DARodriguez-LopezZ: (2014)HyEER ] > GREfEEIEHIEF FEL N4

[
2069 P<0.02
[

*=0,93 P<0.001

Biomass (g)

=0.18 P<0.34

]
PAR g5

0 10 20 30 40
Total PAR (mol m?d")

1 StEE(LEEREE ARG EEE (Rodriguez-Lopez et al., 2014) -
&F: ss=sunset md=midday > sr=sunrise
Fig. 1 Photosynthetically active radiation (PAR) and biomass linear regression.

TEHCIEAE A VRCREAE (FE r'=0.69 ~ TF P=0.18)([#E1) » &RFTHEZN
JEIRRZ - BRI AV B AR o LSRR Ry e R R e IR I AR A R Ry
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AR o bR T AV - LLIEHFR (SLA, specific leaf area)(3E /5 HIF/IE S EHE)EA
[EeRE M AR E R - A 2emHEE10% B240% b ET% (E2) -
BRMESE MR ER/ ~ R E -~ BrmEh AV EReR - ik THEEE
HAH TE MRS - Mo iRsH &k [E BB EE R tiR TR BVRs . (Matos et al.,
2009) » F5—7J51H > SLAECAHIEE R 855 - g ER& EAEE IF ARG E -
[FIRF L AAFREE A EARCR - DIAERCE 2 ERE (Lusk et al., 2008) - fEAREEHE
UYEREZ SRS - MHEC10%AYIRD R HE - ZEAERSZHYRI SRR - REA U B LIR
A FMTERAER - BAESER - KEGHERNIMEEYE L - 158
B 10%H ra B P RIS 3 EARREE IS - IS BORA D E IR AR - i Bl - ifl
WP AR BREFRIR B IRAVIENE - ARG R B BEAGHGR
ECREEHIYEP RR A RAEEREE -

a
16 I
60 a
o I
214 b .
£ =
>4 2 401
g ]
"
®121 € 30 cd
)
20 4
10 .
, . ‘ 10 {
s § % q
) @ ] 8 9 R
Py 9 2]

2 AEPDCIE NEEEmBEA Y2 (Rodriguez-Lopez et al., 2014) -
s-100 B2 ~ s-40 B 40%5%GHF ~ s-10 5 10965¢H8
Fig. 2 SLA and biomass of coffee leaves subjected to three light treatments.

(L) AREDEE T okd: RA R

EEE YR E R R (L ERE B 2O UIRE HYIREE - BRI FEDEE ML
BB REEEAE - RIBATARITE > MR R A CGFHZER (Amax) B
/NREEFVEIE - Rodriguez-Lopez S7(2014) AVEERT - 20EHRET ~ 40% ~ 10%
HE A EAE RIS HI4T 6 ~ 5~ 3 nmol CO, m™ s » A LLSSFRME{E 72 BRlT A
HABEESE(E > BR8N 10 pmol CO, m™? 57« B84 55 24E FHEE B4
tE > 30 fffEAE 6 F IRZGIHHIE I LR A R FIZRAE 5.5 ~ 25.7 pmol COm 5™
#iE - A 10 FEIETE SR BRI 22 19.5 pmol CO,m™ s (SHHE&HSF - 2004) = It
SRR T AR B 2 AR - BIMEE 2R IRE YA AT E - LS
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{EAERW AR - S—HUEE - 2REEERAERTERAMYSE S
TERZERE > BRET A ER AL E R AL SEREL - Be > FE Ll T
[ el A 2 B AL BRI = L - S EE R A 2 R iR
EHIARE > BAE EEECNEER » a1 EHER /N — A EGT MR E
(Aratjo et al., 2008) - FEMHYEME (B 20 EAE - JHBUE 2 EREAVRE I (FlR B 52 -
HAEAEAEVIHVHROR B EA = (ER1R - SREUHEL ~ BN TR Rk -
EUMBUE RS E S E BRI E nY R i PR IR AR BERR 4B 20 RE - IR B — IR EE
THYEERF - FFR A REUR - AR ECEFIE LI E » yEE A A
FEHIGIER - B2 ERE TTRE S I LB BE 4R 208 K HEFR (Ramalho et
al., 2000)
I AEHEE T umyEER

Ik & 2 B AT ARAE IR 2 — B S T PR S B & 7 IR B At
HEF T - I AT IR - A R nnEe & e R E A &
R Ry ife g (R MR ERREE ST ~ ARTEREL ~ B E R REn BB CE R D
(Montoya et al., 1961) o FHERSAEEIH - A/ DRSS CERETEE Y - (EEE

B DUBEER S E S - MYFVAEE FEAIE R LI - BTl

RERE HH [EmR 2R BTt - JEHCE Kb aY) » #Eib e B B E RBEGET -
HRBEBZNEEE - kA B R AFIEHRE IS EREE TR - fREEY)
Wl R A - E i Bl g e T BV kR A —HA H A RERRVAS EAEEA o AR
EEFRED oy R a i E R E A SRR 2RSS E R MB%TE’WJH”?FMEE%&
b HREEEBIE KR FAERRRE bﬁfﬁfiﬁ’ﬂﬁﬁ » DI R A E 22 5
(Damatta, 2004) - &2 ENYEE B REA /A LR mIE 7 SLal Lt - 2 (EEE
SHETEYE T AREENIRE - BiRIE A RER S EE - WRIER AR S ER
—Ey S AR o BEAELTTES  EREE EAVEMER R T?T? A kAR
EWNERET » BRERRER RN EEEEESREIERT B DiEeE
EHY ° Muschler % (1977) 89z R0 » BUEaAE SR RZRINMEST » DI B G i e
LT AT 0 BEIRER T AR AT A SRR EEE ik B AEAR A Y o R A R S
LEJ&HZEI’]TEE/'@ BRI ER B S i YA R AR ot ey
[ BRI - R EEETE - fea GRS R R H R R #Em
& o H— DRt 230 T EORVEER - P ILERErTaYIEZE &5

%
IR

TeFHEE

A%

FRt
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b AEVUREERR A EE B M THKEER (0% RoBli Bk > 100%A4ERRER) - 2
BAE 50%51 T0%0 IR S~ - iikE ML eI LA 170% > 25% > 100%
2RI 100%H3E 00 - Htbste al KmEeHERe A EE A Eith b - sErs iRz
s e L E R (Matiello ef al., 1989 ) - BEIAGT X B 0L E B
et ERefS tH— B S RV BB - (B35 R AR IR T2 Bl ERIRH (R 2Tk
FEREERY o A — (SR DUR R = MR LA RE N 1 (HIB SN TR (&
WS EATE I B il R RYE - B BIEEE  E ok
BF% > MmolbasE Ry DUEHER R AT - AIEGRENERERER S EE
FEARAH B R B 75t T > R RE 23 AFESER (Damatta, 2004) - L Lorena
% (2000)fF PG AL A ER R B - BEALIEIE A ERE AT (8 3) HEEHEUEE
T3t SR EHLE IR 40%E2 e AR EER - NI LAnEE & 2K Er
e EEREE - MEE el Mt MR IS B R E S 25 HUER2 LR A -

2000 -
1750 M
- 1500
=
3 1250 nt
S 1000 -
o©
) ﬁ'_". - « Yield
.E 750 / \’ ot?served
@ 0 =
> 500 s e,
: ¢ . '. m Predicted
250 % L \. regression
O T T T T ‘:I. 1

0 10 20 30 40 50 60 70 80

Shade cover (%)

3. DnsEE EMERRIAIEET (Lorena et al, 2000) - *Y= EEHE - EEREK
EEZIMYEREFEE ;5 shade cover E2FESE ; coffee density IILFEIZEE » A
FAHNYHNEE - ReERAERE - R RAARE » HhER s
FEERFER TR EEER(G

Fig 3. Coffee yield and shade cover percentage regression plot.

1 ~ AHeHgE 3%
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JEREETUYE (Coffea arabica) AERAVPARELAEFZ R LIEZRMGINYEE KB

(D gk B AR R

BRI [ 17 T R BRI TR - MRS P TR - ot BT AR
friEps - (HEDCRR R AL - (T BT 600 m > SERHAR] f520154F
10H F12H - #ETIICEREH S MEP RR B AR HERIFNE - MR HUbehs - MHEDEE
&y BT - Bie R N TE - DLERERE -
(I FREREEROREE

AR 2 2 RN - IR REREHRS ~ $¢1m ~ oA amTAE -
AR IEZE RN R EITIROUERENE - FIFYeEEET (TES-1332A) &M
T MM > AERHIERRLES] - BURIRERE > SERERE R R 30 %
50 % ~ 80 % ={EEEEE - A/N3ATE 10mx 10 m IE AR - FEEFAIERIFTT
E
K1 EHMGIYHEEE AT

Table 1 Basic datas of coffee sampling plots in Hui-Sun experimental forest

EENEE o iy 30% 50% 80%
AR Bk /A ) 1700 2600 1300
SRS (AR 3.2 2.9 2.5

(1) SMEERRAE

1. FEEFEE

R R - LRI e LR IR 0 Z1& L Image T
(http://imagej.nih.gov/ij/ ) #XEes EEEEE

2. EEEEEEE

FEHER R R ER% - W ALTGTR
SLA)

SLA = ZE[HE ~ HEEFIEH

(IV) 4ERBAE

1 EGEGE

R RO T > 77 BN gk - FREGHEEEE R 0.2g - B AWHAT LURRES
B > ERanfEE Y > BET& 01 ADMSO (dimerhyl sulfoxide) ZZHUK 10ml > FLL
JEIERER AR VIR AR - & NIER - FEK & 6482 nm Bl 664.9 nm HEFTHOE

*ﬂﬂr

TR E LTS (specific leaf arca,
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HAYHIE (Barnes et al., 1992) < HIEHIROLE » (i FHIAFHETHELESRZ a (Chl. a)

EARELEZ b(Chlb) &8 -

chl. a=(14.84xA664.9 — 5.14xA648.2) x (V /1000 x W)

chl. b= (25.48xA648.2 — 7.36xA664.9) x (V / 1000 x W)

chl. a/lb=chl. a+chl. b

V BAEHUEERE(mD) - W BTER FEEUER () « TR E S BEM A mgg!

2. BHRBOUHE
BEGRFOONERE T IR ZEF o1& (Portable Chlorophyll Fluorometer,
PAM-2000, WALZ, Germany) #EfT o JHI7E KR [FE Ris B SE0UIE K - RS
PIOIRERSS > RFEU 73 B & N > R BV RIEFE IR 2-3 DlgnilaiciE
s AETER o #E(T 30 rEEAVREEER - DB R IR BT RETT ATl
TESTHE 2 sHEL PSIT i A B2 (Fv/Fm) ~ FIBE(EELRAL (QN)
JEALERHEL (qP) ~ PSII JEB 54 (Yield) ~ B {#HIRH A (ETR) -

) &Eatoth

DL SPSS&feat#RAG #E T i/ NEE A= BIE T > MR AT HIE TR E MiAele - UIDAE

B/ INEE 2 R LA

IV ~ GEREE R

O ESEESYEE R PRREE

%22 BT 0 DU 80 % T EAYLLEEERE Ak (207.81em’g!) > A%
e 50 % g Ryl (147.85 em® g') o EAESRET T A SR SR EEE >
HEHEE RIS LS - RS > EEERE M ILEEEERA - HHEE
J H > BE R RN R BIRE A G EAH R ARG IR 2648 (Lusk
et al., 2008) - MABMES L HIGRVEER - BERMLIRAESIYE - BReTE R/ - ThfE
TRRI N S8 B 5 T2 eI Y IR VRS B IRE T 52 (sun leave) (Matos et al.,
2009) - 7SR - nEEEE AR LG A G s — BRI RO EAR AR [E]
MAEBEENZR » BREZMIGINE M 2 A IR I 2 BREES [ B EH B
RRAVERL - MRS R R Ll 2 HM N BRIt A 8 bR AR - 8
BRI A B SR 5 o - B I 0 R A It A T O T S R B I A R
(Rodriguez-Lopez et al., 2014) « 558 » (EREA G Kiso B EEMRAYIIS EBI2 TE L H - |
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[ B R R R S N EER o SR R N WL EEERAY R E - AR
SRR S e T e Rt —EDEEREE - TR EEm SR
g - HREEE B o MYEE R IR g AR AN EMRERE RS  EmEst
E& (Montoyaet al., 1961) -

R 2 AEDER TR Z EEEE
Table 2 Specific leaf area (SLA) of coffee leaves under different light

80bot 80up 50bot 50up 30bot 30up

PEEEE RS cm’ ¢ 207.81 150.65 200.17 147.85 189.02 174.15
fEshE 5 57.32 56.31 77.08 12.15 85.34  59.53

*bot 5 & > up Ky LJg > 80 ~ 50 ~ 30 RHESIOEARE (HrEE) > LA 80 % f
B RIE > DUTE -

() R EDEEH R R RS EPE

AoBAREGRANEHE ARG R g B - BREbEE ~ &R ablh
B> FESBEGESRESE > TLIRBEYIESFEDUE MNESAREmE T
HRES] - BEOLRER T - BREBEEG LI MESEER ob Alg ME > K
FREZEGR b aEfEs > HHAEREIMEYEENRDCE G - DURfellH
WOLRE > — MG > IRMEYITEGRER ab HAE 3 DU (BRI 2002 ; =556,
2004) - [E4 RN H ik Ra ~ RS R - EHEASERR TS
BE4EIREL Matos (2009) sSadi SRRl - B REEAHARD LR EEEIR
/N BURIMYEAEAR [FED Y A RIRR T RN IR R S B0V - JeGERTERE
WAGRYCEFBENE(E - @EESRSEESOURIEE MEHEs e
[FEDeEE R ET g R ab tHEABEER (R3) > Hop DUHEDLESO
% BB o ILEEREHEDEE MEEEER L A RRR 2 - NS e &
HVIERz - TR ZIPEERE - MAREAEGER ab thE - IYHE=(EDEE R
Hrp o HEkRa/b tEEE/N 3 EERRMEEY) -
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BARDE -

Fig.4 Chlorophyll concentration of coffee leaves under different light.

I

K3 AEDEIR T IYEESRR a/blE
Table 3 Chlorophyll a / b ratio of coffee leaves under different light treatments

80bot 80up 50bot 50up 30bot 30up
WS alb 0.96° 0.93% 0.98° 0.88° 0.88° 0.93 %
fam s s 0.14 0.09 0.11 0.08 0.10 0.05

*CTFE R B/ NS 72 L (least significant difference , LSD) 2 FRoRr » A[E| T F
(a, b) FRA[EIFRR Z 2= FZEEE (p <0.05) -

(AV) R EDEEHEEE R BB 2L E

TEYIFI D CREBRBIS e - LITR BtRe & Gk /KIE &Y AR TPOLREAEAEYINY
HUOR B B = AR SEERMAY « JRCE R BLIEGR R BT - DUCEHHFT(SEE
Pl - mI#EE80% - {HFECIREREEAE > JHERE B EC L & AT A E > ] LIRS
ZMEVIMEARFEDEIR N e S TERRER - TR ellE - 85 PSIL A 0u bEsy
# (Fv/Fm) » ETR B {#RHZER - Yield [y PSII JEE TR ~ qP RplfbEE
HEC QN RIEEEEH A SRt R 23RN R4 PSIL A BERRER (Fv/Fm) f£
YEES0% MK - HERUIEEAE P RDE T AECRAEGEERE - EHADEE I
R QEEEIERARIVEDLE 30% 81 fHEHEE 80% o ForumyEytaEH
BREAEA [FEDEE MGMERAEIR - IEAERETHT R R S EAHE - IR {ERE
AE - BB BB/ - IEIEIP BT 2l ASURtHE (BRE5E © 2015 ; Aratjo e al.,
2008 ) - ffij ETR -~ Yield » qP SFEESCEMINMARE 2= > K Yield » qP #%
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BZEEL - BB
SERFEIYE (Coffea arabica) 2 EEHITYAREAL: IR DIBETAMRSHIITEEE 2 01

REEHIRE 80% LJg - BURIIYERE T1EIDCE S BT - dIMDE & F A ZEAREE
PEPRIR - (HDAIGREERGAGR > S5 PSIL A EERCRIRARIEZR - BIOLEE
FIVERENGA G IALEET » 5981 oN JeE0HHL - RINERERE eI nmisgin - LL 30 %
TNER(E - 80 % g  AARIROCEREM - ks sEterHeaEAR -
REA LI EELHEERRRIERJERE (Matos et al., 2008) -

R 4 FEDER TS B E B CHE

Table 4 Chlorophyll fluorescence measurement under different light treatments

80bot 80up 50bot 50up 30bot 30up

Fv/Fm 0.78° 0.77° 0.78% 0.80° 0.77°  0.78%
(0.02) (0.02) (0.02) (0.05) 0.02)  (0.02)

ETR 79.59° 86.82° 73.68° 67.63° 41.96°  46.53¢
(8.77) (13.52) (13.54) (18.18) (18.48)  (13.84)

Yield 0.32° 0.34° 0.29° 0.26¢ 0.16° 0.18"
(0.03) (0.05) (0.05) (0.08) 0.07)  (0.06)

qP 0.56" 0.62° 0.51° 0.45¢ 028  0.32°
(0.06) (0.07) (0.10) (0.13) (0.12)  (0.10)

qN 0.75° 0.76° 0.76° 0.74° 0.66° 0.73°
(0.03) (0.05) (0.03) (0.13) (0.10)  (0.06)

* 1 Fv/Fm RyPSIIE A BEERE » ETR RyEE TR #H A > Yield BPSIDE & T3Y
o qP B ABEHEL - QNI LER ML
FERSTR RS -

VA=

IYEE R SRS EERN > B8R TP RR NG SN R ol A (Rl A BHE M E - It
ATRE B & A EERVIEDER > ERSHRERILRDEEREA SRR PR
8 EGRoE HENEER > IERGRFIYRt S ERENRETT - BE
MHEDLER BT EE R fHEkER ab EEBEER  FAFEHIE YA S Rz E
2 REAMYREEEIER, - T EERE S maia s - mATRAVERR
a/b {H - FELRREET > PSIL HAOCEERSCRAEAEDEIR 50% ik > HELH
ThEABEER RN e B oA A T ERVERS - FEHER OB T
30 % B 80 % FHEHEHEAYPSIT F AU BERRCRIL MR - BRI & F AR
TREREARECEREIN  EHEETEA BE(E - TR o S5o ik
REA SRR HIR SR - DIEAE A HR Rt » HENRERRTT A S E S EFIAE
B IR st E - SHATE g - IR R o] DA RS R
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PO ~ SUBHFY ~ =R - FER - B - e (2004) &8 =-TTEFEERS
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KKRE EREKERIRERE S Z PREY

[(HEZE] R ILEL S A B R TDK IR LRI S OKEACH R - R— R
VS o EHUARER N » JREREILAR - EAATEE - BORKILM A o F
HfERAY AT B A R e S S KER - BEE A HE -~ it
MR o HRERREAE - AKEARAVER T > AT ECRoK ~ R
H > RNy E R SR AV E B 590N B/ KEIRR I BC s ok @RI -
sk Ry S B R T AR B I & o /KR EE A B AR A S B
R Y ASCAERS » RO R - B I AR YRR o A SCE SR
el e 408 (G HEE - ZotlERER > BRETEEREKEIRIRERE - it
FLEEREUN  JEREEM/KERBIREY) 2 EHKEREBIR I8 2R(69.4%) »
IBITE(40.0%) ~ 7KH11(29.4%) K AKBEH (21.3%) » {5 FIRYTT 20 22 R HUZK B (66.9%) »
ERAIEIRG1.2%) ~ ESEERI(41.2%) ~ IRHIEEE(32.4%) - &EHNZE ST - 15 (HER
S T Al BRI = RN R » o7 Bl R Aaamd Al ~ BRIEREE ~ FHBERAN - LA -
ER AP ER B 2 B 1o 22 B R =2 PR TEAHG
(BRI ] Hsalss ~ K& ~ R - Bk

PUBLIC ENVIRONMENTAL PERCEPTION TOWARD
WATER RESOURCES IN SHUIYAN COMMUNITY IN
DONSHUI

Wan-Yu Chien'  Shyue-Cherng Liaw’

[ Abstract] The Shuiyuan Village is a mountainous town located at the foot of the

northwest side of Datun Volcanic Mt. Range. Communities came to exist due to

1
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residents’ use of spring water which gushed from the foot of Datun Mt. and purled into
Gung Sz Tian River. In the past, owing to the limited amount of water, the issue of how
to share spring water for irrigation was important. Through the allocated networks of
water resource for sustainable development, it became a fundamental factor to unite the
villagers’ consensus. The present study deals with how villagers of Shuiyuan Village
form the communities and sense of place through the obtainment and use of water. In
this study, we apply the methods of literature review and questionnaire (n=408) to
collect important information and to study public environmental perception toward
water resources. Results show that there is a close relationship between residents and
water resources. Residents prefer the landscape of spring water (69.4%), following by
stream (40.0%), irrigation ditch (29.4%) and terraces (21.3%). Residents depend on the
water resources for drinking (66.9%), washing (51.2%), agricultural irrigation (41.2%)
and recreation (32.4%). Based on the factor analysis, 15 items of environmental
perception could be summarized into three factors, including beneficial cognition,
environmental attitude and landscape cognition. Moreover, residents’ environmental
perception has a significant positive relationship with the behavior intention of
community involvement.

[ Key words] Environmental perception, Water resources, Spring water, Agricultural

irrigation

IN:IE=

FEEHRREE T KBRS G BRI B AR - s - &
JF~ U0 R s g~ EHUECPIRTE > BT Chen et al. (2004)HT7E ISR
YD o SEIRKEIRRFIE S R R R My B 2R 508 st I /KREY oo
1 E e i ED R B BRIRE » BRI K& R B D fr S i 2 2 [
JEUEHHREA © Parsons and Thoms (2013)fE M AYBHIE I - /KE RN & s B
AR AR S AR - B2 R A SR TR IR (R - SO AE TR S - K
BIFHB S ACE R B AR - 55— > #RFEH AT RSt g
BRPKEJRAVEERFM: - Tumner and Rabalais (2003 )5 32 B & 7Y Pe LE AT iy B
FEACH L HA B /KE Z 228 - 3330 N\ RSBy st Rl P B B B AU Y 5 28
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FE > HEE S BN IDEanyKE - B R s s i -
Kedziora et al. (2011) 73 ATBICMAY 36 SR BUKE R 2 Bt - S8 A\ IR0 R s d
B BEEASEEEREL > KEF A wEEEE LIIFEEN (RS
AR A T g - BN /K& R B R S A A BRI (R E R Y] - KEIR
S HE BT HARE MR EHHERES) - I A SRS R K
EH AR B AFERERE > BNEHRIPKERNWEEEE > 5
N B AR ERRARE » CHEIE— P N E RIS R K& TR S T
T PR ARt e 5 -

BENBFER/KEREEREIEKF TREAETA - 2 L E KRR
BRRSIEREER - HEERESNERNVEGHESR  [EFEREEEKE
RIS S R E AN A $E FTAE (Kuo et al., 2013) - Kiriscioglu et al. (2013)53 7 ZE B N HE 22 M
IKE IR R AR b th A2 ) W AR 2 A (A A 37K I P R 25 (1 T [ Y S [
BRL - A B PP TR AR Re S b B B BB i - W RE T E MEE A YRR
EAXAE] - [E41 > Dolnicar and Schifer (2009)/Rf5 - fEVKEIREERR T TR T
Hh o BHIEFE RS R R REZ [EBUEIE S - R - W R G K& R A A
BEMERHEE  PimESEAERRE ~ SOFEESt g b b - A RE R
IKETRHY KN -

AbHzE st AL ROKE KR RER » DIEGHEE T UETERIE -
o E i E R ETOKERAFIREREE i R BEUKE IR G 80 ~ BT -
BRI SR I % - BIREHR AR SR & s T/ K E TR A B B 2 2% -

g

I -~ W3 H%

(T)b5ElEssk

ABHFREIS AT LT SOKE /KR EE 1) - FEREHLE R ALY - 2
Fodbfseli ~ =21 f 3K A Sl - AL A P ILLREH T > U IRIEA - -
BN 977 A R Ry silé > R Ry 9.7 VT A HE - HUE BB RN
Ry K IrE R EEIK e B X TBRABOK LI < Btk > BRI ar R
WA E DU ra /L BIEREG UL Ura st B 2R - SR 2 PaH R g -
L TR(LE AL -

IKIL B2 Rl it ~ T PRIRGRE » EEREFOREIIIAR > JZAE F R P
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(ID)EEHHE

AW FE A GEHRE T AUWEER - BENELEE S =87 - (DEREVKE
JRE B B o EIRE B A (TR KE RS ~ A0 A E B AOK DS MY R 2R
KERCER ~ %K) ~ Fitt @A KIREV R - SPEFTAEEN T KRR
R HET 4 I QEREKERIREEEE - 65T 15 B © Q)ZaialEA
HUEAE R > St 4 I - AW R T BRI BRI (EAME: - RIS D B
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B R BRI AR RIEE AR EE - HerfaEEn IERERE -

HEREAREUEE HHE - AR AR 9S%SH/KEZ N - HilEmR =R iEs
5% » #El Z Bc )iz HFrREABL TVIARGTEEER ~ BFES » 2011) ¢

Z2,,(0.25
rﬁiérl (1)

T n B AR 5 0=0.05 5 d=0.05 B ZSFFHHlfRER S -

AR FRER - AFRHEEAE RV 384 A - HHNE &
HE4 - FTDAARWI R E M4 450 {7 o ARBFZERY 2012 45 11 H & 12 HfE§HERK
@K BfERETRGHRE - DRSS RRE I (non-random sampling) 7 75 (%4
£¥7A(convenient sampling)(FREEES ~ BRIER » 2011) » SRIER IR FIVEIZE T TVERUE
hERIETHES - 1B E B AUSEEAB R » fIRRIES B ALERIL - A
i7E a4 450 {77 > ARG 408 {77 ARGy 90.7% - 1E# Z 77EC =
DUMEEH RS EL IR VR R Tl s T A G R (MRS ~ BRIEE - 2011) » 7E 95%1HY
HIERE/KEE T » ARIHITAVHIR R 22 & 4.85% » fESET L2 RIREZHY -
(ID&eET 7347

BRI [ AW 7R PR SPSS GiatifAeiErT oo - EFhim it 4est e BEA
TEEEIIIT(ANOVA)ZE Il UE 58] Cronbash’s o {F F(5 5 ffa(reliability test)
A FoE— P RNl LR 2L R - AR RZETE - FIH LR M
sTEHAETE MR E RS R R > A EEKIP A E (Bartlett's Test of Sphericity,
BTS) & Hutsk 7 V) {481 (Kaiser-Meyer-Olkin Measure of Sampling Adequacy, KMO)
TR E (BIEEL > 2011) « FERZR T » A FEE e B4 i {E (eigen value)
KIS 1 ZINZRIE - [FRFA oK B A il (varimax method) #E1 TN ZR e - (A2
Z IR AR R BN o Rl 58 R B B A 8 /K& R A
BHRAERE » AT TAC X o« A MERTER (7 R W R8T - ABH5E
JUBRA thgE - B HMAVECAR S M i — ES R E DL E o L - AR
S EE TR 2 Scheffe JE#EITIGIE -

I ~ &55REAET 3w

(DRiEREREN
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{EFHEY A HUKER ~ BESEERE ~ BN - IR R M > DRI
FONGET I HTHIGE SR ANE 3 B - PAUKEA 66.9%81 A LR 51.2% Ry E22HY
FIE - SRRy 41.2% ~ (RIHIZERE 32.4% > SHIKEIREAUREMARBE -
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IRFAIASETHRE R D -
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% 3 ZiiERAMERI#

W

BRI

% (STN 2.3k —EH —@EA =B FEEME 48R
5B 37.1 23.4 19.8 5.6 3.6 10.7 100.0
U 37.9 13.7 16.1 8.5 4.7 19.0 100.0
= 4 ZEhEERAYME R EUE R IR AE X AT

% 30 474 —/|\HF TUNEE =N vl

5 49.2 26.9 14.2 9.6 100.0

% 52.1 30.8 9.5 7.6 100.0

Q) FH

e 5 R —RSBPRIFBZIH 41-50 FEh 35.3% ~ 51-60 B 46.5%
Bl 61 pkbl ERIER G 65% » $RFHAS - MIZEARAE 2 » SR
FELL E—KE 0 41-50 %5 13.8%~31-40 3% 5 20.0% 2L K 18-30 pRiVfE RS 29.5
YoLLIrf 3R A S - 2 BURRARHYEIES -

e 5 JAIFR ST E KBRS BRI AE - HRER 6 #RZHE
TR BT SR RTINS [ HEE SR - AEE B IRe ] 30 7388 LAV 2R > 18-30 k=i 2 63.9%
61 B LA LA 36.7% > (BAEIZ I =/ NRFLLE 18-30 572 8.2% > 61 kLl LAl
A 16.7%MEER - FrLAZR 6 2R FAUNE E R R - FlRaRE E R
AL EAVEM -

® 5 R 6 ZiiERVFEIRRITE g 25 (R /KE RS BURREUE R
[H > SRS BINPRE TR » RN E AT RE R INSAEM AT B REE
T ST KB R 2 SRR LS B R T AR R OB ARV R -

i

%5 ZiijERIER S BRI 1T
% B 23Kk —El —EH Z=#EH FFEULE

18-30 % 32.8 13.1 16.4 4.9 33 29.5 100.0
31-40 5% 20.0 20.0 24.0 9.0 7.0 20.0 100.0
41-50 3% 353 19.8 19.8 6.9 4.3 13.8 100.0
51-60 5% 46.5 19.7 14.1 11.3 4.2 4.2 100.0
61 FKLl L 65.0 16.7 10.0 1.7 0.0 6.7 100.0
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rov=q

#£5i

W

2

5~ BER—RACKIR R fE REDKE R RER R 2 e

6 ZijfE AR BUE B IR S X i

% 30 77§ —/]NRf “UNRE ZUNEDLE A

18-30 5% 63.9 21.3 6.6 8.2 100.0

31-40 3% 57.0 29.0 6.0 8.0 100.0

41-50 5% 50.0 32.8 12.9 4.3 100.0

51-60 % 43.7 28.2 18.3 9.9 100.0

61 gl - 36.7 30.0 16.7 16.7 100.0
C)yAEEE

SR NE ST 7
SHVEEBTE 62.6% ~ EIHZ 41.3%EdE 01 5 28.2% A0 FY RERLL EHY 25.2% - T+
LR —REEBILIRERLL EE2 &5 22.0% S R Bl NEE IR &Y 6.6% -

SR SO S SRS -

B=H = -

MR EKEIRAVARR - % 7

R MEE RIS

S AN KRR S BRI R -

% 8 2B/ N fE AR K E TR IR 0 A2 30 77885 36.3% ~ —
TUNEF 18.7% K =/NEERL | 9.9% - BRERRE SRR E DL B2 EREE
2 30 73 $E H 53.5% ~ —/]NEF 29.9% ~ Z/INEF 7.9% K =/NEEDL_E 8.7% 0 AHER 2T
[/ NHAY fE B IS LR R SR DA ESHAVE AT B A - (B 2 R AR DA—/ N
LIPS Fyfi LS RENF ] -

/NBF 35.2% ~

=7 ZEhEREE LS ES BRI X
% (STN 223k —2H —#EA =MEA FEMUL  4ER
[B/ )N 62.6 16.5 9.9 33 1.1 6.6 100.0
Eils 41.3 20.0 17.5 5.0 2.5 13.8 100.0
=Rk 282 19.1 20.0 10.0 8.2 14.5 100.0
KEDIE 252 18.1 22.0 8.7 3.9 22.0 100.0
= 8 ZaifE RN EEE USSR VA ot

% 30 7y —/INEF TN ZNEEDL HER

BTN 36.3 35.2 18.7 9.9 100.0

Eiles 56.3 26.3 8.8 8.8 100.0

= HR 55.5 24.5 12.7 7.3 100.0

REDE 53.5 29.9 7.9 8.7 100.0

(HEEE]
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TERUIh2R 9 B B R—XEHEMTKERE DI EREE 63.8%H
HREFE 50.6% > EHEZWMA 46.2%89E00] » BESMN TIEAREEER T3
(28.1%) ~ PEZE(22.0%) L EE /N FU(15.4%) 185 5 AR AR B -

e 10 2B ERAVICE A BUZ IR ER G - =/ NFDL EEZES 18.8% ~ H
DNES5.4%LL I HHEE 23 1%EER5 Bt @ T /K &R RIS R 2 ELE R Ay - 45
REFHAKERT AR ERETEEMERN - HACEHE R DURH B
TR - RS FEAHEER R - SEREWE D - IRAERLS T - HItEE
IR S AL —/INIF (30 7788 5 48.3% 5 — /NI 32.2%)) -

%9 ZjfERAYBEE SR LS BURRAT A X T

% (STN 23k —2H —@EA =@A FEMLE  dEH
7 63.8 17.4 8.7 2.9 0.0 7.2 100.0
T 28.1 21.9 23.4 9.4 4.7 12.5 100.0
P 22.0 23.2 24.4 11.0 6.1 13.4 100.0
HAH 15.4 15.4 25.6 10.3 5.1 28.2 100.0
HEZE 46.2 7.7 23.1 7.7 0.0 15.4 100.0
B4 39.3 17.9 10.7 3.6 0.0 28.6 100.0
RE 50.6 13.8 12.6 5.7 8.0 9.2 100.0
HAttr 23.1 23.1 19.2 3.8 0.0 30.8 100.0
72 10 25/ fE RV CESE R B S IR FE BV A X oA

% 30 oy —/NEF TUNEE Z/NEEDLE AR

=3 31.9 29.0 20.3 18.8 100.0

T 54.7 28.1 14.1 3.1 100.0

P 59.8 30.5 7.3 2.4 100.0

HAH 46.2 25.6 12.8 15.4 100.0

HEHE 53.8 15.4 7.7 23.1 100.0

B4 60.7 35.7 0.0 3.6 100.0

RE 48.3 32.2 14.9 4.6 100.0

HoAth 65.4 19.2 0.0 15.4 100.0

4. RIjkBE

AW FEHRE 2 51 RRAVE A B MR S BLPR RS R R U7 - &SRR
11 FoR - 3% 11 AR PRI i - BsTe S BRCE U e B P B2 R
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$Rpust ~ BER R AOKIR R fE REDKERH RS 2 5T

RS LR B N R B R IR

BHIAEMERITHE - RS BRI S N B M ZMERCEEE R E R
GEFENPIAKEREE RN » A0 ~ BRRERE > ([BIFHEREE S
BCE N HMERIH R B (AR T D F B Am B R — RSB ZE 65.0%Lt 18-30
kHY 32.8% 5 E—fELL E(R 5) > FRRMER T E H EBIIRE BEIAER - EHR
th 2RI L BURE AR TE 61 BRLL LAY 25 E REAS (2 SIS It LE 18-30
AT AA(ER 6) - FHEEE I BRSUHRDE/NETR —RAVEEFIRE
62.6% > R4 41.3% 2 S E I 28.2% 81K H DL 25.2%(F% 7) » sRBH T £
FEEEEHRE A S K EFEARE » B g BBE | - 2ahfE R B
SRR SRR B A L& A K& TR Y 2 LR A= IR - Horh DU S i R A
B (WCEREFVUEIER » RIS ER —R 63.8% U R IF ] —/ |\
DI &t 60.9%E H A HRIEEZ (R 9 - £ 10) -

e t% o] DL /KR L HVEh R R Ry fE R 451 - MR 5 B » BEDIRE Ky
% > FTRAE R E/KE R - (HEE AN & - FrRUE IR 5
MDA AR T BENE R/ MEE » BEEBRILUEE B T3 ErtEAKE
2 BUERMEE R EAFEFMEM L ERE A B E R
5y o B H RTE SRR A DR oK &R A IER -

% 11 ZfjfERIVEABEIE B S BURR K W 8] 2 R ITRE
P Fie  BEEE BeEEH

SEER 0.032* 0.000%** 0.000**  0.000%*
eAiES ! 0.369 0.026* 0.139 0.001**

(* © 0<0.05 ; ** : 0<0.01)

(ID)fE RE/KE RV ER

TEsz 5 fE T E/KERAVEREEE T » AT E#(S %% Cronbach’s a
AT AT AT UGS R /KO S ER R S B AU (S S (%8 Cronbach’s 0=0.885 > &
{E/E 534 Cronbach’s a K2 0.7 DL F » BURfEREKFE 28RBS BN EA
HESINE—EE R oI5 - AT T — (S EY / i el -
1. BEES AT

e EREHEN KA RIRESE B AT - 455805 12 fr - 558
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= (ERIE 2 FBE S ENTITIKE R KEEE (4.02) ~ 4 B S STy

KEIFRERFEIFE HEEE(4.02) 5 BB G @R TR GHMA B /KR E(4.11) ~
6 KEREARFEEENN G (421) 8 KEFEARAEMKITW S (4.26)~ 9 /K
EIFEAERBRENNE (4.16) ~ 10 KEFREAEE G LAz (4.07)~ 11
B KERE— 2 N LEEENE (4.61) ~ 12 fra/KE R EE VAR 2%
JREE (4.43) 13 KEFRKSEHEELFEMTHEARER (419) 14 ff
i/ K& —FIRE AU EERNEE (4.49) - 15 EHEM R ARIES T E 5 KE
TRREZIE (427) % BRENEIESE SN 4.0 DB EREEREIFEE
BHES  BnERIFEREELERIE » iR A EAKEREEENEE -
TEECRE ~ AEREER Y LB » /KR B e R R (R i K &R F 2 S R W
g NHIREESE ME P AR R B E » W /KERIREN] E bR 2 3HER
SHEREE - R EENKEEEREZ FAVER -

SN SPHEBRAVAT =X AR 3 REEHE A /KE R SEIFE 55
FE (3.89) - 1 FAEFHENTN/KERKET N (3.93) 7 KEREAKHEBEE
HURzs (3.97) %5 iSEERIIES A 3.5 & 4.0 2R HSEIRE - ERE
B 22 B P R A R P i S TR P AR /K B TR A A B A R A B AR — 2k > Ao BR
[ERGE —H » EYUKEREN T ERVREAERREZE RN RHE SN - 2
B H & R & /KB R RS = [ A A4S 5 -
2. RES

Ry DR E R &K EIFRVEREEE, - AATTEBRARZE TS - #F 15
(EER AT TR - &CHEPMRE (BTS) RHEEEDIEGE (KMO) fgE®
2451 > BTS=2509.323 » KMO=0.889 > 0.8 > fE# Kaiser(1974)}5 4% KMO {EATA
I RONEBIHMEAY IR EIREZR S - AUESETRES T - A RFIIRE IS
R MMIEE R Z S /KA (p=0.000) « FERZE T » ARWFFEEE 2L AR E
{B(eigen value) KHY 1 2[RI TE Rkt BT LAy T (A BRI ELE A/ > Cattell(1996)
FEHBESE (Scree test) RFEUEEHAREY - 48 HilE 4 BRI M THBESL B (F K i
BER R M4 T H » HiR i R e] DAE AR S U 2 RS 1 HERE 2N
— B > R R 5k =40 - [EIREF] A A oK 88 F XL (varimax
method) TR ZEHE - (EREZ MAARAERENGER - ForEtMEERm 2L
VE R RIZ 2R B2 FH (S BAFZ > 2007) -
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$RTUSE - B R KKR B R KRS > st
# 12 RS

» IEE

IEE | L | s | R[E]

i B | i - AE |

5 4 3 2 1
PRI I TE %
1. TESH &M AR KE IR KE 25214632521 29 | 02 |3.93
2. ESH &M AR KE IR KEZ F 2994631196 3.9 | 02 | 4.02
3. BREBHEN I KERSEIEE SR | 27.5 1407 1257 59 | 0.2 | 3.89
4. FEEHENTH/KE RS i
e HHERNIKEREREGERES | o) | 4ss 206 | 20 | 05 | 4.02
5. BB EHIENTAYBRMRB N /KFERE | 324 | 48.8 (169 | 1.5 | 0.5 | 4.11
6. KEIFEA B ENR G 353 (517|123 05 | 02 |4.21
7. JKEFEEA IRH S 26.5 485208 | 39 | 02 |3.97
8. /KEIREA RAEH KI5 36.5 (534 96| 05 | 0.0 |4.26
9. KEFREHFLEERBEIN G 326 (527 |13.0| 1.7 | 0.0 | 4.16
10K &R BB EE & B s 30.6 [ 47.8 1199 | 1.7 | 0.0 | 4.07
ABUKEFRE A4S R 0EEAYE 659297 | 34| 1.0 | 0.0 | 4.61
12 (R K& R A JH SB35 EE S | 52.7 | 385 83| 02 | 0.2 | 4.43
13 7K &R 8 T E (B e b AT
. ?’ SERERTERIAIEE | o sl 150l 27 | 05 | 419
14 (R KE R E—FIEF BV EREENE | 542 1404 | 51| 02 | 0.0 | 4.49
15 3 EE = §0 b oa 7K &R

RERHBAMZITRRATREZ | 0 04l 125 | 17 | 05 | 427

e
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T T T T T T T T T T T T T T T
1 2 3 4 S ] 7 8 9 10 " 12 13 14 15

ARt

B4 IREEEE HER E

[ S R ok S e 12 2= ] P I Rl Py ] - BRI 2 R R PR B R P T ol =4
Aty B E B EAEEE N =M SR AR EERE - AERE
& AAERKR Bz a)i R AT i WK &RV EREGR A LR e (R8I
2007) - &ENZE TR > 1SRRI AR M T AT R pl = RINZR A > 0 Rygaad /il »
REFEREA ~ SRR > — (RN ZRAH I n R A S L 59.467% » &ERUNF13FT
ST

e e N AT » ERBEERAE - ARRE - RAERK - RHZEE -
FEGE T E UL~ A BRI B S E ) B RAVEER R R bR
st /KR BB 56 I - KETRAVAERRIRE /MR - N g8
SREDIRMZ RN - S ERERE TR > fREKERE IR Ay ER
HYEERTS ~ KETRERSEEE ARV AU SR B~ FHE (N S RIS Ty e /K& R
ZHUR ~ BIBUKE R N OEERY S « KEIRIVACEE B R o Bt
FrtEHIERK > EEEEA DR EREKERVEERE - NitERttgH%
PEHIHERE 1 e K& B BRI R R B 00 )54 KR - DR KE R A 2755 i
% - ERBELRAYTH > LRSS THKEFRKER S - SEIEE R
KETH AL B ITKERIEE B EEES - BRmE - ERZRET > 5l
FINZAAFHEFOKE RN LR NG  RRERMNRE T BERKE RS A
T L EEARAY S DU S ERB RTIN ZR A UK E TR K Z 8209 733 - (s ey I ] DU
it fERE KR KEEREEAEE S -
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$Rpust ~ BER R AOKIR R & REDKE R ER R 2 e

1.0 B4
Prsog e
[+] B
® o 03 mo
i1 &2 |®%i0m
§ 00 P ﬂm
05

[ Erir kR Hs % 2= i B R 0 e

13 ZahjE R B KE RS N 2 0

Wi R =

K E IR TR el i oAl
6./ KEREHBEEAEN 0.738

9. 7J< 5 R A A RE IR B BRI ES 0.735

. KEREA R4 KRG 0.725

7. KEREA REIHEA R S 0.701

10 /K& R E A IEE & bR ES 0.627

5. BEEEMTATARMA B KRS 0.509

14 R KERE—HIFE BV EENER 0.822

12 {8 KEFERR L NSRS R ER 0.758

15 FFEE N HE KA ES Sy o /K& R 2 0.707

LB KE R — S N O EEEE 0.673

13 K& IR S S T (RSB S M ATt & AV R 5K 0.603

2. & Hﬁ@ﬁﬁﬁﬁ’ﬁﬁgf KEwZ 0.820
3. BEBHENTKE RS IEE SRR 0.765
1. FEEHEHTTKE J%Kg?mﬁ 0.750
4. FESETHKERREIFE EEE T 0.721
EEE(%) 21.045  19.273  19.149
REEEE(%) 21.045 40318  59.467

3. AU
e U 7 B A RS T K K A
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HRE (R > AWTFEEE RV EHEE - SRR R R R E R E R R 1
RIEER  FEREGHREFHE OS> HS 2RI S RFE TIFERE - 1
AR TIREA R L BB MR E BN R AT o = (8 - 73 i Ryaase
R~ RERESRAI R SR AN ZR A - ) EXCEL srpllEt R r s A B - HEREER
HSPBU RS > M ~ e - BETRE - WSS - S HURR =R
TS AT « MRS IR A& 55 ~ ZOW 20 > 21T SPSS B A T e
HANEIEE A =L - BT AERE T (ANOVA) iy Scheffe JAHETT
ferg > FEIIHERIHZ -
(DM

14 B BEE A S - ERk T REREAIE ML 3.970 BHE
Be 4 sy LISL > HAE SRS 4 71 o ARG BACREGR R AL S - SRR
FAEARE ISy 205 2540 0.711 ~ 0.686 ~ 0.795 ELFEM:AY 0.768 ~ 0.709 ~ 0.826
AR > BURZCMEEL MR ER SR s - NIt T EE3RREER - 7l Riemst Al
NZAH-0.556 ~ RIEREENZAH-1.215 R RBERAINZ4H-0.280 - FAGTI = » HEAR
SEREUR T EHR/) > ARAEMAE A FRESE N R EE =R > HiEH
LCHERSE B E - BN KEREE AR - S LE A e
BRI R N ZR A 2 MY SR R R e B R R o IS A EE S )

% 14 VRSB IN Y T e
4 AEE P N PaE PREEE T S
197  4.087  0.768

5

Rl -0.556 >

B . 211 4135  0.711 ESSS
LS, 197 4360 0.709

IRIZREE -1.215 >

IR % 211 4432 0.686 ESSS

N 197  3.970 0.826

SRR 7 -0.280 7>

58 211 4.018 0.795
Q)
TEHS PRI AR R AR Y F A E 132 15 For » &S B RS GR s IR Z4H F

{H 0.735 ~ BURREEINZRAH F 2 0.938 FISFEEEAIA R F {H 0.305 > ) A #EHIE
o BREAITHT A ISR F R L FE REERARLIEE 4 pLl b EiEEEZEIE
EEEZE B HAVRIERR SRR B E A i T i - DU
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53I8 4150 5% 4.472 SY R - HEORIETAIEEAL - RASH A SRR
PR 61 bl A 3.968 43 » oA SR MEMIEIA R 0.504 5 © 5341
41-50 BRI TR ABUR S » S 116 A > 53 5 S48 BURe CRiaBaIAE
4 4210 - EERIREREIN AN 4472  SHERTAIN AN 4.064 ) » FEE L A 55 He o AR
BBIE I AR T 61 R AR AR 60 AfR/b - SHNE R AR 2 T
By 4.068 BB AR B AT IR 3.968 N AR IEH - BRI
ZRAHMT 4.328 ERZ o AH P K > L 18-30 %Ay 4.306 % 0.022 73 - HEEGHIK
RV 53 T A B I S A S AR A5 - 9Bt -
EAE R I 4R 8 T o TG LA 2 8 % S 2 P L 71 41-50 BRAL R
AL 61 BRbA LA NS B KRB S -

15 FEBLERENRAEN F InE

i B R 224l TR N Eragy REAEE F f57E
18-30 % 61 4.082 0.799
31-40 5% 100 4.136 0.728
Rz moR 41-50 3% 116 4210 0.657 0.735
51-60 5% 71 4.118 0.716
61 2L E 60 4.068 0.720
18-30 5% 61 4.306 0.789
31-40 5% 100 4.406 0.718
IBISAEE 41-50 7% 116 4.472 0.616 0.938
51-60 5% 71 4.398 0.696
61 2L E 60 4.328 0.702
18-30 % 61 3.986 0.843
31-40 5% 100 3.944 0.826
5=y CERsl| 41-50 5% 116 4.064 0.777 0.305
51-60 5% 71 3.984 0.772
61 LA 60 3.968 0.847
QVHEEE

7% 16 SHA SR E AR N RN F g bR - fEREm o 1N R aH BRI Re
FERZRAHAY 7 Bt > e TEBEEE FI8EE 4 7Ll L BT 0.724 DA
T EAESEEERIAN R > YN 3.974 ST LR 3.916 77 0 PEAEEAE
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B/ N~ BB R E DL AR S A 0.8 DL L H F SRR R ERE g E
BB ZAAM SR SR - 550 (2000) HisH S EREASRA ST &3
BEAA R (BRI ERETKE RS R 7 28R - B 8
[ERE e > HIEEARAE SR E - Frll i 23R HE heHE S T E
REFEEKE R ERESER S 8 (B KE RS A_EE/NE
RELL ARt HRRE T BRI EE -

16 FEEEHERNZRAER F e
AENRE HEEE AB PR EEE F e

ETN 91 4.084 0.722

N Eiles] 80 4.220 0.724
g ma . 0.846

e = 110 4146 0713

KEPLE 127 4.112 0.719

TN 91 4.348 0.700

. 80 4414 0.714
IR RERE . EP\ 0.493

e Rk 110 4.436 0.665

KEDE 127 4.390 0.718

TN 91 3.974 0.827

N 80 4.110 0.808
SEEIA . EP\ 1.502

e Rk 110 4.018 0.785

KEDE 127 3.916 0.810

(4)Bk=EHe 71

BBt E KB RN A IR N R B AR 3% 17 R 23T
S AN ZRAH F e (5 1.142 ~ IREREEINZAH F e (E 0.849 BLREEEA F 1w
TEMH 0.453 » ALK (REBENGER - ZTERSESHIHISRNREPIBARSE
4 7P E > SRR S TR F R (B A [F SR o3 - S8 3RS 4 Y
SRR me A (3.930) ~ BRIRRENE (4.298) Resi@ladal (3.908) NP
HEEAR > AKFEREE T HAED] - Bl 2 R R & st KR ER - e
e BRI ] Pl REFE — E A TR T/ NS LU > (MR Aty 32 R
WK - SN HHSRAIRESHRA T - 2R P8R BT ZRU NIER -
BN SRR b DU E SRRV SR A R i - Hooh o fEHARSE IR
HHEKERAE S R RE BR3P Rm s gss -
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FE5EFE -

\\\>d

LEE— R AOKIR B fE R KB R R R R 2 Ha

17 BRI B N ZRAHAY F faE
4 AN e SOVl N8 P8 R PR

= 69 4.208 0.700
T 64 4.148 0.706
P 82 4.120 0.705
Rt oAl EEQ}%# 5 4136 0661 1.142
El=ES 13 4.338 0.591
24 28 3.930 0.826
RE 87 4.146 0.751
HAttr 26 4.052 0.699
= 69 4.354 0.682
T 64 4378 0.740
75 82 4.428 0.665
e e o HAHK 39 4.504 0.570
R Ef:ES 13 4338  0.521 0849
B4 28 4.298 0.829
RE 87 4.434 0.707
HAttr 26 4.298 0.756
= 69 4.050 0.832
T 64 3.920 0.788
75 82 4.040 0.775
] ﬁié}%g 39 4.036 0.753 0.453
HEZE 13 4.200 0.695
B4 28 3.908 0.932
RE 87 3.994 0.805
HAttr 26 3.838 0.879

(5)ZBIEEAR

= 18 EFUHS BIRIAIRIE G N A F i e st - SRS BRI =E
IR ZZAH F {H 4.86 B an s0 KR ZR4H FAH 1.431 FIERIERE S SN RN A0 F(H 1.631
FHER - ZEF|BHEEE R - 1F F HEf Sl =B AN R PR A A 4.134
53~ 2-3 K—2K 4.032 43 ~ —EHI—2 3.962 43 ~ —{E H—2K 3.702 43 ~ ={EH—=
3.682 71 ~ FHE— 3.862 77 » REE B TS B A & H Bl aass - Bk
FREM N8 4.134 FHEE—(E H — A58 3.702 49 0.432 » SIS B
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BREE—( H Z— XAV BRI 58 - SRS K E TR R EE EHIA

AEEHRATIETTKEIR - (BRI RN F {H 1.431 BERERRE N F
{H 1.632 EIRFREA RIS - A USRI ZR A — A B FI B 2= SRV
St HHAE S R I K &R AN B AR —REY N PR E TR e R SR
RERE EECRRHYZER] > HENRAFEEERASE 4 77 PLE - BRAEZ R R
T -

= 18 SHAREBGVERZAMN F iaE

R Z 4 SR ANEL S EAEE F i
(ST 153 4.162 0.720
23K 75 4.204 0.718
— 2 HA 73 4.104 0.731

el 1.431
A —{& H 29 4090  0.666
={EA 17 3.870 0.740
FEDE 61 4.126 0.711
(ST 153 4.460 0.673
2-3 K 75 4378 0.676
— 2 HA 73 4.424 0.689

ISR RERE 1.632
S —{EH 29 4328  0.657
={EA 17 4.434 0.622
FEDL 61 4252 0.806
(ST 153 4.134 0.811
2-3 K 75 4.032 0.771
—EH 73 3.962 0.827

SEEA 25 4.861
—{E A 29 3.702 0.673
={EA 17 3.682 0.741

FHEDLE 61 3.862 0.834

(6)f= B It ]

{5 BRI A L AR N ZRAHAY F i E &R AIZR 19 > FER G so AINZREH (1.913) B
SRERAIE (2.022) #Y FEBY]) > FonE R KE IR R S e A
WRIEES - BEREME - 5—I7H > ERERE LEHIGRRA G2
KEIRORERY LB > BN R F EHEZET] 4370 - FREIEGER > [E£ 2-19
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USING THE TECHNOLOGY OF AERIAL
PHOTOGRAPHY SPLICED TO STUDTY THE
ORTHO-PHOTO ACCURACY ON ENTRANCE TERRAIN
OF CHIHPEN FOREST RECREATION AREA

Chung-Li Hsu' Han-Sheng Tsai® Jun-Ming Kuo®  Shu-Tzu Chen’

[ Abstract] Recently, with advances in the technology of air carrier transmission and
flight control, the unmanned aircraft system and unmanned aerial vehicle technology

had been rapidly developed, significantly improved flight stability of unmanned aerial
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vehicle than ever before. Using unmanned aerial vehicle to gat aerial photography can
quickly obtain disaster scene of the accident first time images of disaster information
and rapid production of the affected areas ortho-photo and emergency relief funding for
subsequent processing and application of reference. Ortho-photo data is the dot height
and tilt of an image displacement aerial image on removal, which provides the correct
geometry and radiation information as base map of geographic information, or nested
numerical simulation of three-dimensional terrain and elevation model as for related
research purposes. This study was performed ortho-photo mosaic Chihpen Forest
Recreation Area through the three image stitching software, compare the quality of the
outcome of the ortho-photo and root mean square error, a reference for subsequent
research.

[ Key words] Unmanned aerial vehicle, photography, Ortho-photo, Spliced.

IR=TI

4t \TRef 7L E (Unmanned Aerial Vehicle, UAV) & @HEE MR ~ AiAE ~ BTRIEF
(B RGATE R B ATt e B 2 St @ A AT A 22 05 - B2 48 A iR i 2 (David et
al., 2007)~ ¥ [& B5#72 (Afzal Ahmed et al., 2008) ~ /&% (Fei Dai et al., 2010)~ & i (Yang Liu
et al., 2014)5: % J5 1A - UAV A 5 F¥ZEHI H RS T 5 8 B rl #5380 et A B0 & 5%
TR E A7 - E RTINS AT 8 2 TEST 7214 (Ortho-Photo) Bl i 8 2 Mt 2 B {E 5
7 (Digital Terrain Model){J#LE -

IER B a B E R 05RG R 2 — E % (Repeat Coverage Ratio) J7RE P ##
(Spliced)Bf# 5 (Solver)iiy 5884 2 TR (5 » — MM = @ HAGHGEER 2/ DH
BEATREER 60%LL > AHEEER 30%LL 1 HREPHEBIEE T 5 s
Gisog -

UAV FERRREL Eul o3 Ry i fd @ E 324U (Fixed Wing Type) B JjE 32 71l (Rotor
type) » ERARITEHIRE » DU G T REE 2 22RO - (EEEERERGRR
s - SRSz I ERIPRE e R AR I THRIE A X - EHE A EEERE
Z hRan-A A - Eﬁfﬁﬁﬁqjﬁﬁ%% » HHEMRE - A2 8HE ERIR
#ill(Eisenbeiss, 2009) » H AT F AR e AIAY i 52 GS R bR flr s e ek - FRizEEREC
HES NHDEE - WELLEAITNRL -
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1 EREAEFEA UAV thigs:
Table1 Comparison chart on fixed Wing Type and Rotor type of UAV
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Fig.1 Location map of test area Fig.2 Satellite image | Fig.3 Flight path map
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IER A AR T 04T
1.fm A#E(VAV)

UAV BlI% A\ PI{67H 2 & 2R (Remote Control Aircraft) 5 48 4% 2 5 w2
HIRAT - JRA] B TR AR B B R TR R - AR R S i 2 G
& HHETP R E R I FHRE &R -

A ZE(E A B A R i A S BTN E - i RS R T
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TRATIE 5 HTATLGAY AL > A O A SR ~ [EEREUE LUK, Futaba 2470 FRE L2
H UAV 8178 > 40T & 4 Bor o
2. fH%
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I ZHIHER » @ 6000 £y Sony /% SIHHEH HY— =X GA FRARARA, - 406 5 Fos - HiE
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Fig.4 A schematic diagram of used UAV | Fig.5 A schematic diagram of camera
in this research Sony-a6000 in this research
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2 Fi#EltZ Sony- o 6000 TEMERAR TR
Table2 A specification table of camera Sony-a6000

HH VSTl
BRUGZE 2430 E R ZE
I 23.5x15.6mm
RETTAF Exmor APS HD CMOS
i/ N F/22
ISO e E 72 100 2 25600 #iE

3. FE R A HC (A

s G PR A R E R E W E ISR - HERSE R AREEMIE
A% o MlEE G UCECRESIRRETT - Ab5EE A Z & Ry CJISCOPE /Y QX-350 - Bf
ARlcHT -

CPU : Intel(R) Core(TM) i7-4710MQ CPU @ 2.50GHz

RAM : 8.00GB

GPU : GeForce GTX850M

System : Microsoft Windows 10
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B LAY = RS
(1) Pix4DMapper
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(2) Image Composite Editor(Microsoft ICE)
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(3) Hugin
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Fig.6 Used interface of Pix4DMapper softwood
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m Video Existing Panorama

Microsoft Hyperlapse Pro Preview

) A new product that
creates smooth and
stabilized time lapses

from first-person videos.

7 Image Composite Editor {fi FH /1 1H
Fig.7 Used interface of Image Composite Editor softwood
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Fig.8 Used interface of Hugin softwood
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o R R =l <487x1268:3 int8>

oter ERASTHESN i <5351 2693 wint
He <255x1094x3 uint8>

[ Neme Dote Modified fx

PR ERE Y 2 RE RS i SR
s=size(size(hl)); WTRRIEIERE R RoB
if 5(2)==2
fl-hl;
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else
fl=xgh2gray(hl);
f2=1gb2gray(hl);
end

Gl=double( f1);
adoublel £2);
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[n2,nd]=size(G2);
memin(ml,nl);
nemin(nl,n2);

c=0;

for islin

for j=l:n
w=G1(i,)-02(1.3);
Cmcawil;

end

end
fesqri(c/(n*n))

4 Start| Import \Vizard created variables in the curres

[E& 9 MATLAB ﬁﬁﬁﬂ\ﬁ
Fig.9 Used interface of MATLAB softwood
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Fig.10 Ortho-photo by Pix4D softwood Fig.10 Resolution display results so
poor
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(I1) Image Composite Editor 55747
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Fig.11 Ortho-photo by Image Composite Editor softwood | Fig.12 Resolution display results
so preferable
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Fig.13 Ortho-photo by Hugin softwood Fig.14 Resolution display results so
blurred
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Delineation of potential deep seated landslide in a watershed

Chao-Yuan Lin'

[ Abstract]The principles of diminishing returns used in the field of economics should
be considered for understanding the functionality of plants in slope stability. Generally,
vegetation is beneficial at the initial succession; while accompanying the plant growth,

the huge biomass increasing loads could result in slope failure at certain sites especially

DR SRR Y SR S A f’F—“Ff o & & 2R i cylin@water.nchu.edu.tw
Professor, Department of Soil and Water Conservation, National Chung Hsing University. Corresponding
Author. E-mail: cylin@water.nchu.edu.tw
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occurred at the dip slope due to effects of strong wind and high infiltration during
typhoon event. Besides, the well growth natural forest located at the headwater areas
with low soil erosion will ordinarily trap sediments at the slopeland and increase the
potential of headward erosion. Since the sites with such characteristics are vulnerable to
slope instability and will yield large-scale landslide under the occurrence of high return
period event, a catastrophic disaster of thirty thousand hectare landslide and one billion
cubic meters of sediment occurred at forestry compartment in southern Taiwan during
Typhoon Morakot can be an unforgettable experience. In order to establish the models
for delineating the potential large-scale landslide in a watershed, the rainfall data,
satellite image, and digital elevation model will be used to emulate the study watershed
and extract the related environmental information. The risk map of deep seated
landslide potential could be easily derived by multiplication the spatial distribution of
hazard degree, vulnerability degree and exposure degree; and the established model will
be verified using the event of Typhoon Morakot in this study. A system with functions
of dynamic analysis for locating watershed potential deep seated landslides is going to
be developed and can then be as effective references of management in disaster
mitigation.

[ Keywords] Watershed, Deep seated landslide, Risk analysis

I Fis
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Table 1 Word" s most devastating debris/flood disasters in recent years
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Fig. 1 Spatial distribution of the rainfall stations
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Fig. 3 Four quadrants method
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[ Abstract] The purpose of this study is trying to apply evaluating model of landslide
susceptibility for predicting the trend of sliding possibility in a slopeland of
experimental watershed. And then a solid treatment of risk management should be
proposed to fit the needs for the public by accompanying with rainfall and earthquake
calculation. Through the processes of investigating the landslides basic data and
analyzing several evaluating models. Some useful criteria and its weights collected
from concerning research literatures were to be reassessed comparing with the real
situations of study area, and a new set of parameters and weighting factors would be
established for using in this specific region. If there is a very closed relationship
between simulating model results and real field conditions, we could apply the model
as a tool of predicting landslide potential and suggest a series of risk management
proposals for practice uses. Due to the results by applying Geomorphologic
Interpretation and Experts Grading method, we find that methodology cannot be used
in a small region. The additional alternative of this research is to use the technology of
the geographical information system (GIS) and instability index method to set up one
quantitative method to estimate hillside fields. Satellite images and the Digital
Elevation Model (DEM) can extract six major factors, such as elevation, slope, aspect,
NDVI, distance to rivers and distance to roads. A model is proposed to calculate
landslide susceptibility, which expresses as: Dtotal=D1%'"*xD2%!¥¥xD3%2%0x
D4*1PxD5%12xD6" 10 Accuracy of class 1 is 96.83% , and class 2 is 37.99%. This
has shown that the factor of geology has played a very important role in evaluating
susceptibility. Due to the insufficiency of data of rainfall and earthquake during the
whole research period, the tragedies for risk management are only focusing on
qualitative statements to fit the needs of practical situation in Shan-Ping forest road.

[ Key words] susceptibility ~ instability index method ~ risk management.
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Fig.3 Classes map of landslide factors in slope, aspect, elevation, NDVI, distance
to road and distance to river.
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Fig. 6 The analysis matrix for error of classification accuracy
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[ Abstract) In response to the impact of recent extreme weather conditions, the
mechanism of landslides, the the follow-up impact,and the Countermeasures worth
further exploration, as a demonstration model job-related cases. Taiwan Forestry
Research Institute, Council of Agriculture, Executive Yuan promote the Research
project: " Investigation catchment environmental resources and land use and change of
status " Use geological drilling and related monitoring, In order to prove hot sentence of
Buddhism is correct. The study includes geological drilling, mechanical testing, and
observation tube inclined.

Geological survey show the project located in the sandsone and siltstone of Bai-Ren
formation, with joints and fractures, and shear zone with mud . The surface of the study
area mostly covered with forest grassland, formation to topsoil and colluvium mainly
scarce outcrops,bedding dip angle is high above or close to the slope surface, the
potential of sliding is low if absent slope excavation. According to core drilling, there is
shear zone with mud,, and the depth till to 25m, it is possible the failure mechanism is
debris slide and circular slide (soft material).

[ Key words] Potential collapse area, Geological feature, Failure mechanism.
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Table 1. Meteorological Factors in Lien-Hua-Chi watersheds.

Avg. Avg. Avg. Avg.
Rainfall Daily Temp. Rela.tn'/e ET.
(mm) C) Humidity (mm)
(%)
Jan. 47.7 14.8 85.8 55.7
Feb. 86.1 16.1 87.1 56.7
Mar. 103.6 18.3 87.0 75.5
Apr. 138.2 21.1 87.2 83.5
May 3224 23.2 88.4 84.5
Jun. 510.3 24.4 88.4 86.5
Jul. 373.1 25.2 86.3 108.2
Aug. 404.2 24.8 88.0 97.2
Sept. 196.0 24.1 88.0 89.9
Oct. 45.8 22.4 86.8 83.4
Novw. 24.4 19.5 86.5 65.6
Dec. 333 16.1 85.4 52.4
Avg. 20.8 87.1
Total 2285.0 939.1

(FEZREE > 2008)
an B L P B AR

() RZMGERE  JBRAFEHEN » AU EFEN T StalmEK&EN - R Rai By
HERpk > BRI 53 > FE R R RHE Y RT i R R

(lauro-fagaceae forest) - A A M br S iaHE - ELFEHKE 5 H 7 (Podocarpus
nakaii ) ~ 574 S A8f (Ormosia formosana ) ~ HIEEL[ZX ( Camellia salicifolia ) ~
YERUZS (Camellia furfuracea ) » (&1FE R ° 2010 ~ &=1FE B » 2013)

() ANTAAEERE @ FEHF2K (Cunninghamia lanceolata ) AR » AR /M
% » HEAWZIGERTE - A statia K&y - & E A TR MEE
BIEEE Ef (Calocedrus formosana ) ~ #HERH (Acacia confusa) ~ fEE

( Liquidambar formosana ) ~ ¥&f ( Eucalyptus citriodora) J; =& ( Zelkova
formosana ) %5 » FLERMIM F B F oo BV K AAFEEEM » B2 E P El d Al 7 bk
FRE& - HAIE B SHVEERIEYIE 177 # 879 1& - oA A KIRSiE -
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BFEMKE E HE (Podocarpus nakaii ) ~ 5741 S Fst ( Ormosia formosana ) ~ ¥5
UK (Camellia furfuracea) - (31EE » 2010 ~ &=1E R » 2013)

) ALEMEERE « S ol aEKIE N - B BE T 27 B KR
BEAE R N LR BAa 5K HORFF R B s (Eremochloa
ophiuroides ) FyF o

(ADEFFETTA

KWFE 2 N B FEEEER ~ VBP0 ) Bt ss T - 1R E R BRsR
A [E R TN IEER o [FIRERACE CEBEARE . WHGE TR AN E R E
EITYER R > SEEEAVE E IS E - FRHMRIBEEEE TR
B BB E R AT ARSI A4S ~ R ~ RSN E - DU RTS8
LS RARHHEDN 2 TAF - e SREEaT Bt T 2 248 - $EERBLEs TIF
a

o

LSRR AL B Rt - SEPRSLAL TR (BH-1-BH-5) » SEFLALEAE 3 Fom o SHEfL5%
JEAE 20-25 N RZ [ S8R 120 AR - SBERIEFRMF © GRS IR RS Rk
o fKaeth - PREE AR - BERUE - AU ERA - HEIREFHR
H o

2 ENEBIHHEE - AR S - TR - DR E R -
CERGEE  SoE e -

3(ERVE HE R BN © RV EHRCR B SC R - REGIRREIR E R E A E RN
A& EIM4Y 30 REHl—X -
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Fig 3. Drilling Hole Location
3. $EFLALELE

% 2. HGHEFAU TFBESGTR
Table 2. number of Drilling Hole And Test

e AE S AR R A S A AN A
gﬁ i3 B b ke | E3 B B B B By == A B =
T m @ @ @ @ @ @] @ ]| m
BH-1 | 20 2 2 2 1 20
BH-2 | 25 2 2 2 1 1 25
BH-3 | 25 2 2 1 2 1 1 1 25
BH-4 | 25 2 2 2 1 25
BH-5 | 25 2 2 2 1 1 1 25
&EF (1200 10 [10] 1 10 1 1 5 3 120
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I ~ &5 5REAGT 5

(DAL H R BRI R
e AR - R PR e SRR B T
L.BH-1 1, : 0~3m : &+ 5 3~20m * gAfE)E © 20~25m : Wbs - fHAL - =fet s
P R LB SR -
2.BH-2 7, : 0~1.1m : BULESE 5 1.1~15.7m : S E HE 5 15.7~25m © #lbes -
H i BRI S -
3.BH-3 F, : 0¥4.95m : £+ )& 5 4.95720m : i EEEHE » KEM -
4BH-4 |, : 0~2m : F£1J& : 2~25m b EE GRS - IRERKE > Hib%
B B AR IOEFR SR -
5.BH-5 . : 0¥3m : & 1J&g ; 3~25m : ¥plbis - IRENEE ; K Eibir BRI
PEACEFR SR -
wRE SO ZEONEEBESR - R EE A & EER R T R
21.42ke/em’ 5 KD BEERGRFESUAE 44.71~133.80 ke/em’ > 44 551 ELET 5% Cp
YIFE 0.89~1.49 kg/em’ > § p LY1F 33.1°~34.2" > Cr 4Y4F 0.41~0.67 kg/em’ > & r 494
20.7°~21.3" - EHEFLEERE R 3 Fr -

7 3. &S A CEalEnss R
Table 3. The results of Test of Rock

L[| R A B Rt AR N B R

Hole Sample Depth qu Cp dp Cr ¢ Cp S p Cr gr
No. No. m kg/em® | kg/em’ ) 4 kg/em® )i 4 kg/em’ i 4 kg/em’ JE

BH-1 - 23.25-23.50 21.42

BH-2 - 17.00~17.20 1.42 331 0.42 20.7

BH-2 - 18.20~18.50 112.54

BH-3 - 12.75~13.00 1.49 34.2 0.41 273

BH-3 - 15.20~15.50 133.80

BH-4 - 24.10~24.50 80.22

BH-5 - 18.00~18.25 0.89 31.9 0.67 25.6

BH-5 - 22.05~22.30 44.71

(DA SRR E it

210



2016 FFMEKELLEETEr © 203-214

EHEeRR B Rt E R (h Rt B ERT Tt E BN S AR A
GBI E ) o BRTEEE KA AT BRI B e A BRI R TEEA BT A (A
4~ I8l 5) R [ B R R A LR - BUE s AR RSB R )
R B o WHHEELERFAZ IR AR - HHAIZ EHERE T
ﬁﬁﬁ%  IEAEOREE IS IR EIRY AT RER ) - BN BTt R R L s
aENARREEE - WA PRI SR TR B R R4 e EAE 2
AIRE o NHFESESA SR E AR - [k Rt R &R - st R %
MAREMERE - WK TS T > SR - BN EE AR
Ky N10°W~20°E/60°~72°E - [EIHASENE » SR TESEIm - G e
[EE B AR ERBEII E e B R ZE T BRI IR R B

l
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Fig 4. Environment geological Mapl
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5. FRETHME[E 2

IV~ &%

WIFEEEREUR » FRES MR R R+ R BT - T Rt
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