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Digital extraction of snowline based on flow path analysis
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Abstract: In this paper, a digital identification method for a snowline is presented. The method takes into consideration that
the lower limits of a perennially snow-covered area should only be deduced through contrasting with other limits. Thus, a
method based on hydrological analysis was introduced to extract the snowline. Based on the digital elevation model (DEM) of
the study area and the result of snow cover monitoring, the lowest point covered with snow could be recorded in one flow path.
Through loop statements, all of the lowest points were determined by comparing the snow altitude in every flow path. The
lowest points were then joined sequentially, according to the real landform, and shaped into snowlines. In addition, a method of
computing the average annual snowline was analyzed. This method based on hydrological analysis can effectively avoid the
influence of naked areas in snow cover, and shows promising results for the calculation of the lower boundary of a perennially
snow-covered area. Spatial-temporal dynamics of snowlines can also be analyzed by the proposed method. The digital
identification method presented here is effective at identifying a snowline, and could be helpful in rapid information extraction
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1 INTRODUCTION

As one of the most active and unstable natural factors (Xu &
Tian, 2000), snow cover is an extremely sensitive indicator of
climatic variability, and has received much attention (Feng & Li,
2000). Spatial-temporal distribution information of snow cover
is important for water resource management and for evaluating
the effects of climate change. Changes in snow cover have great
significance in hydrology and climatology at the global scale as
well as the local scale (Turpin et al., 1997; Kerr & Sugden,
1994).

As the zero-balanced surface of solid rainfall (Yan & Zeng,
1985), a snowline can be defined as the lower limit of the per-
ennially snow-covered area in natural landscapes, and it is a
geographic element as important as a tree line, a periglacial line,
or a soil line (Wu, 1989; Cheng, 1984; Mengel et al., 1988). In
China, because of the diversity and complexity in topography,
there is great climatic dissimilarity in the transmeridional direc-
tion. Primarily due to the effect of the Tibetan plateau, the
snowline is shaped into an annular distribution in the Tibetan
area (Jiang et al., 2002; Jiang, 1991). Accordingly, the latitu-
dinal zonality of the snowline is changed or disturbed. Regard-
ing snowlines in particular regions, except for latitudinal zonal-
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.ity effects, the altitude of a snowline would also depend on the

local temperature, precipitation, and topography, etc. Accord-
ingly, all of these impacts enhance the spatial complexity of the
snowline distribution (Kerr & Sugden, 1994).

Traditionally, snowline distribution data have been acquired
from relief maps, or ascertained from field surveys (Wu, 1989).
Due to data limitations and incomplete information on snowline
distribution, often the snowline of a whole mountain or the
snowline at a regional scale is represented by a single point.
However, single points obviously cannot accurately reflect the
spatial variety of snowlines. Alternatively, handwork could be
used for traditional snowline mapping, but this takes much time
and effort. Therefore, it is difficult to update snowline data for a
broad scale area.

With the development of remote sensing (RS), the technol-
ogy of snow cover monitoring has rapidly moved from qualita-
tive to quantitative. At present, remotely sensed images have
already proven useful as a data source for snow cover (Li ef al.,
2007; Hao et al., 2008). Nevertheless, whether data are col-
lected through field surveys or from RS images, handwork is
still relied upon to outline the snowlines. There is still no effec-
tive method for digitally extracting a snowline.

Currently, much information about snow cover can be ob-
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tained using image processing technology. Many ways to ex-
tract snow cover information are now available (Li et al., 2007,
Hao er al., 2008; Liang et al., 2007). Difficulties in digital ex-
traction of snowlines are presently primarily focused on how to
extract the lower altitudinal boundary of a perennially

snow-covered area automatically from the snow cover data. .

This is the basis for calculating the position and elevation of a
snowline and, from that, the averaged annual snowline etc.
However, because of the discrete spatial distribution of snow
cover above the snowline (Klein & Isacks, 1999), many bare
areas in snow cover also exist. At the same time, bare areas
would also be created in the process of image processing due to
the influence of hill shading. Consequently, not all of the bor-
derlines of snow cover would be considered as snowlines.
Therefore, the border detection method cannot be used directly
to extract a snowline. Methods such as mathematical morphol-
ogy are also not appropriate, as the lower boundary may be
changed while filling the bare area. Moreover, there are still
some difficulties in comparing and describing the annual vari-
ance of a snowline, and in determining the spatial distribution
of the average snowline. Accordingly, in this paper, a digital
identification method for defining a snowline is discussed that
is based on the combination of the GIS spatial analysis and
remotely sensed images.

2 METHODS

The snowline is defined as the lower limit of the perennial
snow on the landscape, as well as the lower borderline of the
perennial snow area (Yan & Zeng, 1985; Jiang et al., 2002),
above which there is perpetual snow and ice. However, the area
above a snowline is not always covered by snow or ice. There
are plenty of naked areas with no snow above the snowline.
Therefore, current edge-detecting methods cannot be used di-
rectly for snowline extraction, as the some of the borderlines
are the boundaries of naked areas other than the lower limit of
the perennial snow area. From another point of view, we know
that the lower borderlines are made up of points that are the
lowest points on every downhill direction of the perennial snow
cover. If snow-points in the lower borderline of snow cover
were all located, the snowline could be naturally determined.
Thus, extraction of a snowline can be switched to finding the
locations of all the lower snow-points at the beginning. Conse-
quently, calculating the lowest snow-points for every downhill
direction and linking the continuous lines are the nodes and
keys for digital snowline extraction.

Considering that the lower altitudinal snow-point is a rela-
tive concept that can only be fixed by contrasting it with other
points, the first step of snowline extraction is to locate the posi-

tions of all the included points in a comparison calculation .

process. For any pixel in a snow-cover image, there are eiéht
pixels around it, but which of these eight points shouid be cho-
sen and used for contrast is the key question. Therefore, only if
the comparing direction is clarified and the locations of in-

cluded points are ascertained, would there be a possibility of
ransacking every pixel throughout the image and discovering
the snowlines. On the condition that the snow area is an in-
clined plane with a single aspect, all of the positions of lower
altitudinal points can be located directly by comparing eleva-
tions from one pixel to another on every corresponding vertical
direction. However, the real landform, which is characterized
with three-dimensional complex topography, is often far from a
single inclined plane. Although the real landform could be
separated into various planes in some fashion, the pixels in
different planes are not directly comparable with each other
because of the different positions, ranges, and aspects in their
distribution. Moreover, the real topography cannot be separated
into planes that extend from the bottom to the top of a moun-
tainous area. Accordingly, the process used to extract lower
altitudinal snow-points in a single aspect plane cannot be
extrapolated and applied directly to real circumstances.

In this paper, a new method, based on hydrologic flow-path
analysis, is presented for extracting altitudinal
snow-points. For any position in a snow-covered region, a

lower

flow-path traverses it that runs from higher elevations to lower
elevations. Consequently, the flow-path forms a natural
flow-path line. Because there is a unique downstream flow
direction from any position, which simply reflects the relation-
ship of upward and downward among points located on the
flow-path line, the line could therefore be used to define a
comparison direction. Thus, once the line of the flow-path is
defined, and the comparison direction is fixed, the lower alti-
tudinal snow-point can be easily extracted owing to the location
of points that participate in the comparison calculation. Conse-
quently, in the end, the snowline will be extracted automatically,
based on the above assumption.

As shown in Fig.1, the shaded area represents the
snow-covered area, and the other parts are areas with no snow.
Similar to the real condition, whereby naked regions often oc-
cur within the snow cover, there are also two hollow areas in
the shaded area. As shown in Fig.1(a), we can see that the oc-
currence of a naked area complicates the shape of borderlines
of snow cover, and it was difficult to separate the lower border-
line directly from all other borderlines due to a three-dimen-
sional complex geomorphology.

The method we developed in this paper is indicated in Fig.
1(b). As mentioned above, the main aim of this method was to
extract every snow-point in the lower borderline of snow cover.
In Fig. 1(b), C was a random point in the lower borderline of
snow cover, and the dashed lines were used here to express one
of the random flow-paths that passed through C. As shown by
the map, there would be intersecting points when flow-paths
pass across the borderlines, regardless of whether the borderline
was of naked area or not. Given that the intersecting points are
A and B, we can determine that A and B are points in the bor-
dérline of a naked area, while point C was located in the lower
borderline of a snow covered area. In order to locate all of the
points that form the lower borderline, it is necessary to find a
method for distinguishing the points in the lower borderline of



XIAO Fei et al.: Digital extraction of snowline based on flow path analysis 57 7

snow cover from the points in the borderline of a naked area. In
Fig. 1, this means determining how to extract the random point
C. From the viewpoint of water flow, at least one flow-path
must pass through any point in the snowline, such as C. It is
obvious that C is the lowest snow-point in all of the flow-paths
that passed through C, even though there are other intersecting
points such as A and B in the flow-paths. Accordingly, the
method based on flow-path analysis could avoid the influence
of the naked areas, and differentiate snow-points in the lower
borderline from other points in the snow cover. By calculating
all flow-paths that passed through a snow-covered area, we
could locate all of the lower snow-points in downhill directions
of the perennial snow cover. Snowlines could then be created
from the linking of the extracted lower snow-points.

Once the lower borderline of snow cover was extracted, the
average elevation and the average or undermost borderline
could then be calculated from borderlines of snow cover. By
stacking the extracted results from multi-temporal remote
sensed images, and then calculating separately for every
flow-path, the average altitude, extremes, and the amplitude of
variation could be easily calculated. This method thus provides
convenience in analyzing the annual and interannual changes in
snowlines. In this paper, the drainage area of the Yarkent River
was selected as an example to test the above approach and its
corresponding process. Considering that the area was too broad
and it was difficult to exhibit the details clearly, we chose a
random area (as shown in Fig. 2) as a sample to exhibit the data
processing.

(a)

(b)

Fig. 1 Sketch map of a snowline extraction method based on flow-path analysis
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Fig. 2 Study area with the sampling location

3 DIGITAL SNOWLINE EXTRACTION

In general, the process of snowline extraction consisted of
four steps. The first step was to obtain the spatial distribution
information of snow-cover by remote sensing. Secondly, we
had to calculate the lower points of the snow-covered areas
according to the assumption previously discussed. Then, the
lower points were joined together and this created a snowline

according to a real landform. Finally, we calculated the aver-
aged annual snowlines.

The digital elevation model of Yarkent River basin area used
in this paper is the three arc second data from the Shuttle Radar
Topography Mission (SRTM). After projection transformation,
the raster size of the DEM was approximately 83m in the study
area. The remotely sensed data used here are Landsat TM and
ETM+ images taken in summer. In order to spatially match
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with DEM, the images were resampled to a lower resolution of
83m, which is the same size as DEM. According to the analysis
raster size and the scale of mapping, the multi-source data in-
cluding images and DEM were all projected to a Gauss-Kruger
projection.

3.1 Remote sensing of snow-cover

Due to the difficulties in catching the characters of snow
distribution and dynamics by traditional methods, remote sens-
ing was selected and gradually developed into one of the basic
tools of monitoring snow cover, owing to its good performance
in temporal and spatial dimensions. Presently, the
NOAA/AVHRR database is still the main source for informa-
tion regarding long time series data of snow cover (Feng et al.,
2000; Li, 2004). In addition, some other data, such as SMMR,
SSM/ [, SAR and ER, which included both optical and micro-
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Fig.3 Snow-covered area from a TM image from 1990

3.2 Lower snow-point extraction

Extraction of lower snow-points was the key step in the
process of digital extraction of a snowline. The first step was to
calculate the flow-path, pixel by pixel, and to make a judgment

whether the flow-path passed through snow-covered area or not.

If there were snow-points located on the flow-path, their eleva-
tions would be recorded sequentially. When the flow-path
reached the boundary of the study area, the lowest snow-point
was located and recorded as one point in the lower borderline
of snow cover, through comparing all of the elevations of re-
corded snow-points in the flow-path. According to the above
calculation, every lowest snow-point could be located through
the circulation algorithm and a traversal search.

The above process was accomplished using Arc Macro
Language (AML) and other functions in ArcGIS. The sinks on
DEM were filled in with the FILL function. The function of
“flowdirection” was used to calculate the flow-directions of
every pixel. The flow-path was then created by integrating the
“costpath” command and other functions. Thereafter, the loca-
tion of the lowest snow-point on a flow-path could be fixed
through the “zonal” calculation. Functions in ArcGIS, such as

wave remote sensing, have been successfully applied in snow
cover monitoring. These data are applied widely in the moni-
toring that involves distribution, depth, water balance, etc. As
the main aim of this paper is to discuss and validate the new
method of snowline extraction, only the TM and ETM+ images
from the summers of 1990 and 2000 are used. As the images
are all cloudless, there is no interwoven phenomenon between
clouds and snow. Thus, a supervised classification method was
used to extract snow-cover without prior cloud detection. The
extracted snow-cover resulting from images of the sample re-
gion in 1990 is shown in Fig. 3. The yellow area represents the
snow-covered area, with some naked patches within it. If the
edge-detecting method is used directly to compute the snowline,
we obtain an inaccurate result, as shown in Fig.4. Clearly, some
of the extracted lines in the result are neither lower altitudinal
borderlines nor snowlines.
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Fig.4 Borderline of snow cover

“selectpoint”, and a circulation algorithm were used to search
every pixel of the snow-covered area in a traversal way, to
avoid skipping over any snow-point on any flow-path.

The DEM of the sampled area is shown in Fig. 5, with an
elevation ranging from 3254m to 6034m. Using the spatial
analysis technologies in GIS, any pixel in the DEM could be
used as a source point to create a flow-path. In order to generate
a corresponding flow-path, every point in a snow-covered area
was sorted out and cast over the DEM. In Fig. 6, the blue lines
are parts of the flow-paths created from points of a snow- cov-
ered area. The lines extend from a snow-point in a snow- cov-
ered area to the boundary of the sampling area. Through over-
lay analysis, elevations of all points in one line were read from
the DEM, and the lowest snow-point in every flow-path was
located directly by elevation comparison. After the flow-paths
were all generated and calculated, all of the lowest altitudinal
snow-points were subsequently created. The result of the ex-
traction of the lowest altitudinal snow-points is shown in Fig. 7.
All of the extracted lowest snow-points of the sampling area
were designated by red colored points. From Fig. 7, we can
determine that the extracted points effectively describe the real
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Fig. 6 Flow-path generation of the sampling area

location of the lower snow-cover borderline, without being
affected by the naked areas in the snow-covered area.

3.3 Linking snow-points to snowlines

When all of the lower altitudinal snow-points of the covered
area were extracted, the next step was to join the points to form
continuous lines and to shape to snowlines. From Fig. 7, we
notice that the extracted lower altitudinal snow-points are often
clustered into curved shapes in a spiccato fashion. In most cases,
the lowest points were sequentially spatial and abutted onto
each other. In these circumstances, the sequential points that
were adjacent to one another in spatial could be directly shaped
into uninterrupted lines by raster vectorizing. However, discrete
points occurred with no adjacent points or with only one adja-
cent point. When the extracted flow-path was coincident with a
section of the lower borderline of a snow-covered area, discrete
points were found because only the lowest point in the
path-flow had been recorded. Other factors such as data accu-
racy and spatial matching errors would also add to the possibil-
ity of discrete points. As a result, lines became interrupted at
the discrete points, which caused disagreement with the facts of
the real distribution of the snowline. In order to generate a con-
tinuous snowline, the discrete points should be joined sequen-
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Fig. 8 Digitally extracted snowline

tially according to the real landform. Since the discrete points
appeared when the flow-path coincided in position with the
lower borderline of the snow-covered area, it was reasonable to
link any two discrete points by flow-paths that passed through
them. Moreover, discrete points could be spatially joined in turn
by the link-lines from the flow-path, which were naturally con-
sonant with the real topography. Combining these two different
ways of linking sequential points and the discrete points, the
extracted lower snow-points were accordingly joined. As shown
in Fig. 8, the lowest snow-points in all of the flow-paths were
successfully linked and shaped to continuous snowlines.

3.4 Averaged snowline calculation

The average snowline was regarded as the mean line of the
lower borderlines of the perennially snow-covered area for
several years. Accordingly, it could be acquired by calculating
the average elevation of the annual snowlines in a designated
period. Previously, it was difficult to compare and average ele-
vations everywhere among different snowlines. However, the
average snowline could be extracted from by the flow-path
analysis method, as described above. The first step in calculat-
ing the average snowline was to extract all of the annual lowest
snow-points from multi-temporal remotely sensed images. All
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of the multi-temporal lowest snow-points were then overlaid to
form a single coverage. Afterwards, the flow-paths that sourced
from all of the points in the single coverage were generated
from DEM. By separately recording the elevations of all of the
points in every flow-path, the averaged position of the lowest
snow-points in every flow-path could be located. In the end, the
average snowlines were created by linking all of the points of
the averaged position. The linking method was the same as that
used to extract the annual snowline. According to the above
steps, the average snowline of the Yarkant river basin was cal-
culated from images taken in 1979, 1990, and 2000. As Fig. 9
shows, the spatial distribution of the snowline in a broad scale
could be digitally extracted.

Snowline
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Fig.9 Average snowline of the Yarkant river basin calculated
from images taken in 1979, 1990, and 2000

4 ANALYSIS OF THE RESULTS

The steps described for digital extraction were derived from
the definition of the concept of snowlines. By analyzing the
snowline from the concept of the water flow phenomena, the
snowline was digitally extracted by means of comparison of
every flow-path. Comparing Fig. 4 and Fig. 8, we see that the
edge-detecting method could not be applied directly in snow-
line extraction, due to the disturbing influence of naked areas in
the inner portions of the snow-covered area. The method dis-
cussed in this paper avoids the influence of naked areas on
snowline extraction, and provides a result that is in accord with
the real status.

Since the method based on flow-path analysis could link
counterpoints at different elevations, and show ubiety informa-
tion, it provided the possibility to quantitatively compare the
snowlines at different times. Changes in the snowline at any
position in the study area could be measured by calculating
multi-temporal snow-points on every flow-path. Moreover, the
spatial patterns of snowline changes could also be mapped
based on this method.

However, due to factors such as data accuracy and spatial
match errors, a possibility that small blocks of snow would fall
just on the lower reaches of a path-flow, where the elevations
are far below snowlines, would infrequently arise. Once these
small snow blocks were recognized, the results of digital ex-
traction of snowlines were greatly influenced, as all of the
comparison calculations were realized based on flow-paths.
Accordingly, the data should be verified at the beginning. Error
would be also introduced during the connection of discrete
lower snow-points, despite the fact that the method mostly
represents the real condition. Thus, it is better to compare the
lower snow-points directly, rather than with snowlines, for the
analysis of changes among multi-temporal snowlines.

5 CONCLUSION AND DISCUSSION

Spatial patterns of snowlines are complicated and subject to
change, due to the intricate interactions between climate and
landforms. There is still a scarcity of automatic methods for
digital extraction of a snowline at present. The new method
discussed in this paper, regarding this question, is based on the
analysis of the phenomenon of water moving down mountains.
By comparing the elevations of snow-points on every flow-path,
the lower snow-points of a snow-covered area were located and
connected into snowlines. Using this method in the process of
snowline extraction, the influence of naked areas in the inner
regions of the snow-covered area can be effectively avoided.
Combined with data processing of remotely sensed images, the
method could be used to calculate the lower limit of a perenni-
ally snow-covered area and to extract the average snowlines
rapidly in a broad scale. This may lay the groundwork for fu-
ture study on the spatio-temporal changes of snowlines.

For the above method, there are still inadequacies in the
snowline extraction due to the great spatial complexity. The
method is susceptible to the inaccuracy of the flow-path. Large
errors would appear once snow-points appear just in the lower
reaches of the flow-paths; therefore, it is necessary to verify the
data in advance. In addition, inaccuracy might also arise from
the process of linking discrete lower snow points. Restricted by
the coarse resolution of the DEM in this paper, the accuracy of
the results of snowline digital extraction was not particularly
high. In conclusion, as a tentative method, the procedure de-
scribed in this paper behaved well as a means of digitally ex-
tracting a snowline, even though it still requires further fine

tuning.
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F—EERBM: HrO978— ), B, BRFA, M1, 2006 &5 FREB¥EMEHESRERARK, TENERFEFREN GIS N AH

%, RRILI 10 R . E-mail: xiaof @whigg.ac.cno
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ELEHBIER. BTERU LKEREIEEED
#i(Klein & Isacks, 1999), SENHEHFEFEHE
BEXE, FAtERETERERIR S, HibE R
WAAE SR, BRERBLLSFEREEAEK
B, SusAMREHEZHESHENTAZE, H
HNRRBEEREEMNE, RARETAZERNTE
FREBFHEREER, BETHREES¥NEESR
BT ATDRAESER IR, HRETKESH
RN ERE, BABAHATRAIERNELA
FIRM, B, M FEERTEML, WU LRE
FEFRER ., RBUESELHELN T E S HEERE
RS, 5T, AXETF GIS SRIIMEARIFSE
ARBEH, ZRRE—HERRFREBEANY
¥, AHXHRRHIE,

2 ERPFRIUEH

ELERFERERMNTR, IEEHEXEHN
THELZHKHE & YHEH, 1985 HEEVF,
2002), B FREHMEHBFRENEN, SLZ L
MIEF A ATRERE, SEAMVEFAFAELRR
RESHRRER, HUGERESXTHKLE, FHiks
METHEBRBOTEREUBRTFHFTERER,
BEMEERER N TAZLETERIRG .. Tl
ZARERER T MM THEMANELR, EHikin
MEAZEZARERMEBRT, RKBRASXEST
BhmENE RSN ERERM LR,

RS ARE 5 H SR KRB, BXEE
Fritbt RMHE, AREREBREARTY, ¥HE
AT B — A% A, 2 5 38 L i [R) O A A A i 7 %o
T E RS . F B RZR A MR —
AU ER R, MARERh— R w R E,
T R W LA E ) 7E 2 T3 0 O 1) B A AT B

Wt BRI E—BKA. BT EREME
ZeAo R, LRI IETRAAIE, RMERE SR AEL
SN BB IR E L TE—RE AR E, Hitor
AT B AR S HIT A R LASE R, BEFRFH
B

ASCETF XK TR, #iH—FhERE
Bk EARRE, BMUXKREBNAEERS
SRBMEANE. XEEEERLENRS, 8—xFLka
A — B A KK M B 0T, BRBRAE ML TR FY
WH. ARRERIBMER, ERARKN LTI
XEELR . KBRS, LB ATARE KX
R B AR, BRI UAMESRE, BT
LREHK, AR -HET KB EBEBNTL
BRI .

mE 1, AREESFIREX, REXARKED
MRRAFZEHR, HRWANERTR, BRH
KR, R—KRERSRERATARBHR
BAFHR A, B, SRERTARLHIL N C. &
RBEAEXMTAEKL, BRRBARTAREAKX
B, FERREARTAZENE R, UL
R EHT SN, BZMBFLIEAR., FE5H%
KAZIXA, BRATEZRARE L REFERE A
PR RMES, BITEHFER SRR S CH
g, MATXABEOXHEA%ESRBNZ
A, B, HTHEERER C AR, EXELETF
AEMERFHEW, Wi HRERT =0 KX
FLARBH TR, ¥ THRRESTENE—A, &
A —FRMBET IR MEBHE—FRMHET
AT, BIATRER & RE XX T3 0y i A9 BT
BB, NMHREETA%RK.

—HNER THZKBIERE, @ TR
LBLUE, REHTESHRET UL YR
BRBRREENRE . BLERRRRAME R

(a)

L)

1 EFKRBESFTOERER T ERER
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B, EE-WELAMNHE, DUENERMBIT
BUHZHERTAROBRME, FHERTES,
M — A ERE M BEREEEL. £X
DR W LIRS, x4 B B E B % &
SRETER. A THABEBEK, AETELE
RO BB RN, EXPEBEBRAE S —/NE
BRSERRE, WA 2, #7FERA,

3 EAHTRR

4 4 MEEBTERRTFRR. HARREL
MREBEN, DKBRHESEIHFEL, RER
HHELRERERE, KEREXTALS; Riam
TAKRSEBRTARE, BEHHESEFHEL,
Bt B 8% % 12 # B (DEM) 9 ¢t L E i 3 SRTM
(Shuttle Radar Topography Mission) 3"¥(#&, 28
H¥E, EAHRXEMELR/NDNY 83m; BRFH
4 Landsat TM 1 ETM+E 258, HERHEZRK
4K 83m, 5 DEM HHEME K/N—Bl. ZBHH%
KNEBRARRR, SHEEHSE—BEZRT-R

M3 BEXEREERR

B #&8 B (Gauss-Kruger).
31 EEEBREN

HFREN A SFE, BRETEURE
W . B AR X M AT
H, BErHEKEFEFME 2RO KR 2R AN
Fi NOAA/AVHRR ¥, Hib®E A KB MBI
ROLEE%, 2000; ZEEH, 2004), BRIFERBSL,
SMMR. SSM/1 . SAR F ERS % 1% B4R H
JFERBTESHM . KEVE. FERESEGEL
BEF, ERFEHER, £ 1990, 2000 £ 2 e
WMEEH TM, ETM+EE B, MR EMTRE
FR|O EHTEERMEA, FREGIFRXE
FEZER BAEERZSRAUER, KAKES
KT LB ERR, UREXAH, H
1990 &£ TM BIEHEARBRER A 3. HAEHIR
AHER, HABTRERESPRERERE, &
FEEERRBER, RALGNEZERBTBEHE
MBS AKLNA 4.

A

A4 BEXN%E
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32 HMEXTa%ARNH

BERAZBRMEAREREINHER AN E
—A, ITEKAER, nxREETKEEELKX,
EREMBE LEREEENE—AHREE, 4K
BWEBBRTHE O, X HZEE EFAILRN
KERRE, BHBEACRTRIENHEX T %
FHS, #MNBREEEXNEE—ME, R E
BRFERKHFTL, BARERERA%ZKR
=0

LRI ArcGIS A HI FHE K & B
AML ZiEFEER, FELBUOT: BEAMPRX
DEM(A 5)Hikb#, Ff FILL pR¥i#t4TH #(Sink)
H%, RIEF A Flowdirection MEITEFR; BHE
MERX EA—, B Costpath % R4 Bk 3%
7, FEZBKZLEFA Zonal XS EETE K
FERMA, iIEXRELANE,

FIF1ER 1B & Selectpoint 5 AH 5% B H0R i $
EXNE—ME, TUANETREXEG KKK
REEEGI, ERTEAB BN ERENRK

Be6 HXKEEEERRER

Mg N 6, A RARRT X ER AR ST AL AL
Rk WBERR, YT X BTA ME cUK B AR A RO
BERTEZER, ARBHPREXNE TAZ SR
BLURBIFREFET R, 23 LRERITE, HEKX
ETAZAMBBLRE, ZERULEER 7 4R
B HE 7 AR, FPRHNTASZARFTEE
ABERSXHEW, BERFHLRRBETXHN
TH.

33 FEXTHRERN

RFEXZETUZARAHKE, HEMELT
B G RUGEEE R ERWEZE TR, mE 70
R, SEMERIRSHTHZSETE LM
E. ZRMBHMEATERERNES, HATE
FARESLZ & FEEZ L FBERFHRES @ .
BEHERRESTHRER. #EBRELNLK
£, FTIREHIE % ML PR | 2 R 0L LR &
RIRKARE . B FASCRA T Kz 5 H B
BN BT B, 7 HBOE R R PR RS T

K TLRAZBRMAR
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MRER, WTAZKEBRSR-RBES, £%
B EEAELE, FHIx FTa%ME S mA
EgZAL, ATHAETREMTBEHTER, A
AR LW BRI HAT &, ATRIEEXYETE
PR, FEATHNESESE ERIRKERE. W
A 8, REARBX T HKE SIAKAE L RS
Tk,

34 BELHWERN

HHZEERAGEBIMNAEX TR KRBT
H, HFBHENERNAZELHEL, 2EFY
B A 5 0 R IR 207 7] 8 Bh L SCER K T B
ROFTEHTRE, HARPBRARKUNEAE
X B AHTRM, MM DEM LREKRER,
RKICRERBE LREANFHIEE, RB%FY
RBEERBE LXI NI ES, WESHEEREIA
EBEZFELHTL, B 9 HF A 1979, 1990, 2000 =
AN EFER MSS, TM, ETM+ERBES, B L
R BRI /RERBEHELR,

B9 MRERBFHEL1979, 1990, 2000)

4 FLEBMEGRM

LTREBNERRHERE LR, BT KEE
BB, AAKRBEERRERSREBRYY
R AT TR RE LLEE 4 A 8, HEAILE
HARHDRERER SN ELERERBRARMW,
EFRAGHGZRBTEFBINRERLZRRE
HERETXM TR, A SCATHR S 877 RGBT i
#EEHABREEREBOR T, RBRERST
KEBFDBENYIE

HTET KRBT ATURLARNHET
KESABPEEMEXR, RIES—HEEARY
FREAREL, TURLARRS—-AMLHE
KEBREMRE, HWETLURAT T ARNHEE
SRR R ARG, A XTREMAE
AN TR EEREMITR

FEEHEEEREEREFRNE, EEHF
REXM THARBE LLSFERSEK/PREN
HRE, i TAXHNAKABREET E T,
ST WA EHRESNH ENRRERERY
W, HtFEBe S TRELH, A ARE
ZHEM . BEEERREZSETERA, THER
FEZ (A B b . X RS AL ZAL,
ANEEFERERBMER T LA%K, BT5%
WBAER, BEX—SBEPAEHRRE. Bt
ESLM B RSHERT, BEEAATA%
ABAEHITR R AT R E AT

5 HiRSHR

HTFSBRESHRERNEEEM, FHELRS
B HEREE, BRIMRZBEFNTRAZRR
Fik. AXETKAEHBHBE, RE—FHELK
FREUB B R . FIRAXME ERSERE
BEGITHTIL, ERETAUEFEEARER
MTA%RE. ZHETRFREREEARRES
R FHGRRBROEWE, ARZTEHSES
BRESTRETEHRERNTH . HESHEFY
E4%, THARESTENZIREBHRE. &
BB S i e H R

HELZ B HRE R, AXRHMETK
RBRAITHNERBFRBEMAFSIRZL . &
REAKRBER AT £ T3, BRI R KR
REMBRERNER, MRTHRBERERES
FREMAEREEN/NRRTE, #3 EHRRER
FEERARE, EMESKRRAT, TXETRANR
EHTRELE; ERKEEZESTHESNTA
ZLM TR, THIARE, BAHRAEHFT
HRR X — R, 2 EATPERETR, X BT AT
BRERLAIRE N, o, AN —FTHER
R ETH—SRIENEE, REANARBX A
FEBRPUEFHITER, MRAFEPHARZA
T,
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