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Abstract: A watershed management program is usually based on the results of watershed modeling. Accurate
modeling results are decided by the appropriate parameters and input data. Precipitation is the most important
input for watershed modeling. Precipitation characteristics usually exhibit significant spatial variation, even
within small watersheds. Therefore, properly describing the spatial variation of precipitation 1s essential for
predicting the water movement in a watershed. This study is concerned with mapping annual precipitation in
Jam and Riz watershed of Tran, from sparse point data using Inverse Distance Weighting (TDW) method. The
objective in the optimization process 1s to mimmize the estimated error of precipitation. Thus the performance
of each interpolation was assessed through examination of mapped estimates of elevation. The results show
that the estimated error is usually reduced by this method. Particularly, when optimized exponent in TDW
method was selected for digital elevation model which, is secondary variable for the annual average
precipitation gradient equation. It was conclude that IDW-3 with the best conditions and lowest mean standard
error provides the most accurate estimates of precipitation.
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INTRODUCTION

Spatial interpolation methods are widely used mn
creating continuous environmental data sets from network
of sparsely sample points (Cooper and Tarvis, 2004). In
particular, they have been employed to build continuous
representations of terrain, soil composition, terrestrial,
atmospheric pollution and climate variables (Heuvelink
and Webster, 2001; Hutchinson and Gallant, 1999; Jarvis
and Stuart, 2001 a, b; Kurtzman and Kadmon, 1999; Mitas
and Mitasova, 1988; Oliver and Khayrat, 2000, Oliver and
Webster, 1990, Philip and Watson, 1982). Maps of
precipitation have a wide range of applications and many
different interpolation procedures have been used to drive
maps from collected as part of monitoring networks
(Hutchinson, 1995). There has been a range of studies
which compared different algorithms for deriving
estimates of precipitation from point data (Bastin et al.,
1984; Tabios and Salas, 1985; Hevesi ef af., 1992a, b;
Hutchinson, 1998a, b; Hay et al., 1998, Pudhomme and
Reed, 1999; Goovaerts, 2000; Gomez-Hernandez et ai.,
2001, Hofierka et al, 2002), also several more recent
geostatistical textbook are available (Isaaks and
Srivastava, 1989; Cressie, 1991, Goovearts, 1997,

Armstrong, 1998, Chiles and Delfiner, 1999, Webster and
Oliver, 2000; Wackernagel, 2003) that describe in more
detail these algorithms. The mverse distance method,
which is also called the Inverse Distance Weighted (IDW)
interpolation, 1s a general technique for mterpolating
(Ware et al., 1991). The basic equation, Eq. 1 for the
inverse distance method 1s:

K, = i M
T

where, k is the control value for i® sample point, w,
represents a weight determining the relative importance of
individual control peint k; in the interpolation process,
K,, is the point to be estimated and N is the number of
sample pomnts (Bartier and Keller, 1996). This concept 1s
also commonly applied to estimate average precipitation
and interpolate unknown rainfall. Tn the case, when each
control point has the same relative importance, the inverse
distance method 1s 1dentical to the arthmetic average
method for estimating precipitation (Ashraf ef al., 1997).
Using this approach, w; is equal to 1 for the several
control points nearest to the point to be interpolated,
or for the set of control pomts within some radius of the
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point being interpolated and w; is given by 0 otherwise
(Meyers, 1994). An alternative weighting strategy near
points more influence than distance points 1s based on
a formula using the mverse of distance to a power, such
as BEq. 2:

w,=d7 (2)

where, d_; 1s the distance between K and k,and m is an
exponent given by the users and also named the order of
distances (Deraisme et «l, 2001). As the exponent
becomes larger distances from the location becomes
smaller. In other word, as the value of the exponent is
mcreased, the estimate at a given location becomes more
similar to the closest observations (Burrough and
McDonnell, 1998). The inverse distance method is flexible
due to the adjustable nature of the order of distances
(Ghohrouds, 2006) Eq. 1 can be rewritten as:

kd®
K, - EZ; o 3)
i=1 i

Also, the weighting factors, w;, which represents the
relative influence, can be defined as Eq. 4. The sum of
the weighting factors of each rainfall gauging station
in the neighborhood is equal to one (Sullivani and
Unwin, 2003).

d-
W W, e (4

After determining the weighting factors, the average
precipitation can be estimated. The basic calculation of
the IDW mterpolation for estimating precipitation 1s
expressed as Eq. 5:

Rl -m

p=3 (wp) = 2Pl (%)
DI

where, P, 1s the mterpolated precipitation m the area p; P;
is the precipitation of rainfall gauge i; w; is the weighting
factor that represents the relative influence of gauging
station 1 and d; is the distance between the area p and
the rainfall gauge i (Chang et al, 2003). The TDW
interpolation is univariate with a single influence factor,
namely horizontal distance. This technique assumes that
the interpolation area 1s umiform rather than variable
(Hodgson, 1989). Therefore, it cannot be applied m an
area with abrupt changes in elevation, which would create
a major obstacle to estimating unlnown mformation
(Lloyd, 2005). Subsequently, precipitation multivariate

IDW interpolation, a modified version for considering
additional independent variables, was developed to
improve upon the previous method. The modified
equation can be given by Eq. &

K, = 2k ) ®)
i Z‘le(v V)

where, the weights w; are determined by the variables v;...
v, A multivanate version based on Eq. 3 can be redefined
as BEq. 7:

© Zl dr W, (v, V) )
o 21 Aotw(v,v,)

The data value independency and the pure linearity of
IDW enabled isolating the effects of missing data on the
variation in mapping accuracy from the effects of the
nonlinearity and data value dependency (Yuval et al.,
2005). In this equation, 1t 1s assumed that there are two
independent weights (horizontal distance and elevation
difference), represents the influence of all other factors
(Chang et al., 2005).

MATERIALS AND METHODS

Jam and Riz basin is located in 25 km toward North
Kangan and Jam town and 220 km from Southem part
of Boushehr Port. The geographical location of the
study area 1s ndicated 51°, 48’ 31.7"E. to 52°, 25, 14"E.
and 27°, 44°,28 "N 1o 28°, 14’, 55"N (Fig. 1).

The area of the basin was estimated as 90919.2 ha
using Arc GIS 9.2 software. The highest point of the
study area shows 1414 m and its lowest point is 57.764 m
from the sea level (Modallaldoust, 2007). Annual
precipitation investigation shows that maximum
precipitation in Baghan station have been 724.5 mm and
minimum value in Ghantareh station have been 82 mm.
The study of coefficient of variation represents disorderly
rainfall in the region. Seasonal distribution of ranfall in
the region, clears that rainfall regime is base on
Mediterranean regime. It means, more than 60% of annual
precipitation is in winter and summer with only 1% annual
precipitation 1s driest season. Monthly precipitation
regime represent that maximum rainfall happens in JTanuary
and December, respectively. June and July are month with
lowest rainfall.

Following materials and methods have been used in
this research:

*  Topographic maps at 1:250000 scale of 1999 from the
Iranian Geographical Orgamization.
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Iran map

Boyg st

Fig. 1: Geographic location of Jam and Riz watershed

*  Topographic maps at 1:25000 scale of 2001 from the
National Cartographic Centre of Tran.

* Climatic statistics and data, prepared by researches
organization of water resources.

Determining the optimized digital elevation model using
interpolation method of IDW: First, they have scanned as
topographic maps and then georeferenced in Erdas
Tmagin 9.1 software. The border of basin which was
already limited on the mentioned maps traced in
ArcView3.2a environment and then border vector layer
was prepared. In next stage between 15156 elevations
points of the base map 10637 points were selected to
consider the basin border in the form of digital which was
occurred during the process. These points were gained
from ground centrol using Global Positioning System
(GPS) during 2003 to 2004 period in the study area. These
numbers of elevation pomts were selected to cover out of
the study area. The reason is related to the accurate
results from the used model of DEM. In this method, two
factors such as neighbor points and point searching
radius assumed as model variables. Weight standard
distance which 1s searching radius of standard ellipse
(Fig. 2) calculated in ArcView3.2a by Spatial Analysis
Extension automatically. During the past three decades,
models that solve the catchments and or solute transport
equations i conjunction with an optimization techmque
have been mcreasmngly used as watershed management
tools (e.g., Rizzo and Dougherty, 1996, Minsker and
Shoemaker, 1998; Zheng and Wang, 2002; Mayer et al.,
2001).  Simulation-optimization
developed for a variety of applications. Standard ellipse

models have been

1s an appropriate way to show the spatial protection of
points group (Greene, 1991) but in geographic view the
points group may have directional deviation. This
problem 1is very important specially in preparing the
numerical models by use of elevation points. Tn fact,
elevation pomts n different directions to each other can
represent several geomorphologic features of special
area. The standard deviation ellipse was identified as
follows (Fig. 3).

According to the mentioned methods, the model
was tested with 4 categories of 3, 5, 7 and 15 dotted of
neighbors points in two radius domains of standard
searching circle and standard deviation ellipse. Therefore
8 digital elevation models were extracted. Then 10637
points equal to 10637 land dots evidence were driven for
each model. Finally, the extracted points from each model
using SPSS14 and by use of means difference test were
compared with the land evidence point.

Identifying the means gradient of annual precipitation by
use of existent database: In first stage the total existent
stations in Jam and Riz basin, which is about 103 stations,
were prepared. Because of long distance and m according
with climatic conditions, many of the stations omitted.
Then 22 stations were selected. In second stage,
reconstruction procedure for whole rain gauge stations
was done by normal ratio method. The reason of selecting
this method was it’s applicability in mountainous region,
lower limitation and instability between data average
during statistical period. In order to reconstruct the
precipitation statistic, the normal ratio technique was used
(Mahdavi, 2007a, b):
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Table 1: The values of annual precipitation of stations

Water y ear BRoshehr Kangane

Station Hangam Dahrom Khourab Baghan  Ghantareh  Ahrom Kangan  Boushehr  daryaee Jam Firouzabad
1986-87 345.4 3122 304.1 336.0 253.0 293.0 85.0 328.7 336.7 5023 630.0
1987-88 343.0 239.7 279.5 258.0 260.0 249.0 92.0 2538 260.0 3857 4670.8
1988-89 194.6 931 108.6 100.2 94.4 80.6 772 87.5 896 149.8 281.6
1989-90 234.6 138.0 160.9 148.5 131.5 127.0 55.0 172.8 177.0 222.0 444.9
1990-91 181.0 155.0 2420 318.0 213.5 182.0 84.5 239.5 224.9 475.4 317.0
1991-92 364.0 299.0 327.0 269.0 248.5 304.0 259.0 325.0 3102 402.2 318.5
1992-93 3405 237.5 297.0 259.5 217.0 351.0 216.0 3512 3089 388.0 441.0
1993-94 104.0 114.0 181.0 103.5 109.5 182.0 144.0 135.6 136.0 241.2 358.0
1994-95 2385 254.0 263.0 195.0 218.0 308.0 259.5 256.4 268.6 3444 500.5
1995-94 245.0 179.5 143.0 182.0 132.5 213.0 187.5 198.1 171.1 3920 345.0
1996-97 3780 204.5 303.0 247.0 350.5 191.0 369.5 190.3 1953 608.5 619.0
1997-98 683.0 462.0 556.5 416.5 394.0 292.5 3085 265.1 2290 668.1 316.0
1998-99 103.7 132.0 100.0 94.5 103.5 58.0 728 83.0 81.8 108.3 456.3
1999-2000 305.0 379.1 4421 408.0 332.5 295.0 156.0 308.3 292.5 3154 571.6
2000-1 505.0 450.0 477.0 729.5 639.0 519.0 412.0 588.5 6228 8229 804.2
2001-2 212.0 208.5 195.0 219.0 230.0 182.0 204.5 281.9 251.2 248.1 219.8
2002-3 390.0 411.0 504.0 437.5 454.5 447.0 381.5 746.5 747.1 508.1 645.0
2003-4 231.0 2725 295.0 172.5 184.0 234.0 142.5 196.8 189.7 241.7 401.0
2004-5 150.0 113.0 145.5 171.0 127.5 173.0 123.0 2236 190.3 2286 187.5
2005-6 144.0 153.0 222.0 166.0 82.0 131.0 149.0 191.5 197.7 157.9 290.5
Average 284.6 240.4 280.3 26l.6 238.8 240.6 189.0 271.2 264.0 370.5 465.9
Maximum 683.0 462.0 556.5 729.5 439.0 519.0 412.0 746.5 747.1 8229 816.0
Minimum 103.7 931 100.0 94.5 82.0 58.0 55.0 83.0 81.8 108.3 187.5
sD 141.5 114.3 1332 151.1 140.1 115.0 110.2 156.5 160.9 185.8 185.3
cv 49.7 47.6 47.5 57.8 58.7 47.8 583 57.7 60.9 50.2 39.8

The No. of gray cells was reconstructed, 8D: Standard deviation, CV: Coefficient of Variation

500.07p - 916150 + 226.36

T 1
1000.0 1500.0

0.0 500.0
Height (m)

Fig. 4 The annual precipitation gradient of Tam and
Riz basin

erll{[;i*m}[ij*laﬁ}..} (8)

where, P, 1s precipitation of deficient station in a regarded
year, n is number of reference stations, P; is average
precipitation in a deficient station with existent statistic,
P,.F. are average precipitations in reference station and
are contemporary with statistic of deficient station, P,, Py
are precipitations in reference stations of A and B in
concerned year to complete the statistic of deficient
station. It should be mentioned that between 22 stations
the stations had short term statistic, did not contain in
analysis  and obviously they applied to conform
achieved results and used as aid points in drawing the
map. So, according to expert studies just 11 stations
were selected and whole calculations and analyses about

precipitation subject was done on 11 selected stations.
The annual rainfall values of concerned stations have
given in Table 1. After studying the concerned stations,
means annual precipitation gradient equation of Jam and
Riz basin achieved (Fig. 4).

P and H: Are annual precipitation and height value base
on millimeter and meter respectively. Finally, optimized
digital elevation model put in place of elevation factor
(H) in equation. So, for all Tam and Riz basin according to
applied cells size net, the amount of rainfall in millimeter
was calculated as digital precipitation model in Arc GIS 9.2
software.

RESULTS AND DISCUSSION

Spatial modeling of climate variables is of interest
because many other environmental variables depend on
climate. Accurate climate data only exist for pomt
locations, the meteorological stations, as a result of which
values at any other pomt in the terrain must be inferred
from neighboring stations or from relationships with other
variables (Marquinez et al., 2003). This techmque (IDW),
can obtain satisfactory results from limited data, based
mainly on the geographic situation of the sampling points,
on the topological relationships between these points and
on the value of variable to be measured Precipitation
generally increases with elevation (Spreen, 1947; Smith,
1979) and so many authors have incorporated elevation
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Table 2: The value of optimized power in digital elevation models

IDW1 IDW2

IDW3

IDW4 IDWS IDW6 IDW7 IDWS8

Digital elevation model optimized power 2.4624 2.9533

3.300 3.9389

2.8811 3.2819 3.476 3.7787

Table 3: Test of compare means (paired t-test) for observation elevation value and elevation values of inverse distance weighting model

Mean SD Mean of standard error t-values df Significant (5%0)
IDW1 Observation values 0.2598 2837946 0.27517 0.944 10,636 0.345
IDW2  Observation values 0.3470 27.84728 0.27001 1.285 10,636 0.199
IDW3  Observation values 0.3131 27.68360 0.26842 1.166 10,636 0.243
IDW4  Observation values 0.2396 27.82845 0.26982 0.888 10,636 0.375
IDWS5 Observation values 0.6295 30.41523 0.29490 2.134 10,636 0.033
IDW6  Observation values 0.6377 30.72485 0.29791 2,141 10,636 0.032
IDW7 Observation values 0.6534 30.85084 0.29913 2.184 10,636 0.029
IDWS8 Observation values 0.6521 31.04604 0.30102 2.166 10,636 0.030

nto  geostatistical approaches (Martinez-Cob, 1996;
Goovaerts, 2000). Others have developed relationships
between precipitation and various topographic variables
such as altitude, latitude, continentally, slope, orientation
or exposure, using regression (Basist ef al, 1994
Goodale et al, 1998, Ninyerola et al., 2000
Wolting et al., 2000, Weisse and Bois, 2001). In this
research the described expansion of elevation pomnts set
based procedure by two hypothesized of spatial
dispersion and point's directional deviation was
investigated using standard and standard deviation
ellipses (Fig. 3). With an assessment of the necessary
factors such as cell size in network (value 3), number of
neighbor points (3, 5, 7, 15), standard radius (for standard
ellipse) and ellipse rotation angle (in standard deviation
ellipse), the optimized power was calculated for each one
of 8 digital models automatically (Table 2).

According to this value and the represented factors,
digital elevation models was prepared for the study area.
With comparing the 10637 extracted points of 8 digital
elevation models by SPSS14 which due to geographic
coordinates 1s equal to 10637 land evidence points and
using of means differences test, the best digital elevation
model was obtained. The related results to this analysis
are shown n Table 3. In fact, from the gained digital
models the accurate one is a model which it’s resulted
elevation points has the lowest difference with land
elevation points. However 1t 1s logical that the data wlich
do not have main differences to land observation in
significant 5% is with most accurate. According to the
Table 3, four elementary digital models, from TDW1 to
IDW4, can not show the mam differences with the land
observations. To identifying that between 4 digital models
which one is with high accuracy, it can be determined with
the average of fault value in Table 3. Tt seems that this
data are extremely similar but between them the IDW3
digital elevation model has the lowest RMSE of 27.68. On
the other hand these conclusions show that digital earth
data with standard ellipse had sensible response rather
than standard deviation ellipse. He described data have

spatial dispersion and the points contain lower directional
deviation. However, it can concluded that, IDW3 digital
elevation model with optimized power of 3.3 wsing IDW
interpolation 1s the best digital elevation model for the
study area of Jam and Riz basm m Iran which is
recommended to used for the same catchments. Therefore,
by putting the digital elevation model (IDW3), would
achieved the optimized digital precipitation model n Jam
and Riz basin.

REFERENCES

Armstrong, M., 1998. Basic Linear Geostatistics. Springer,
Berlin.

Ashraf, M., L.C. Loftis and K.G. Hubbard, 1997.
Application of geostatistics to evaluate Partial
weather station networks. Agric. For. Meteorol.,
84: 255-271.

Bartier, PM. and C.P. Keller, 1996. Multivariate
interpolation to mcorpoerate thematic surface data
using inverse distance weighting (IDW). Comput.
Geoscl., 22 (7): 795-799.

Basist, A., G.D. Bell and V. Meentemeyer, 1994. Statistical
relationships between topography and precipitation
patterns. J. Climatol., 7 (9): 1305-1315.

Bastin, G., B. Lorent, C. Duque and M. Gevers, 1984
Optimal estimation of the average rainfall and optimal
selection of rain gauge locations. Water Resour.
Res., 20: 463-470.

Burrough, P.A. and R.A. McDonnell, 1998. Principles of
Geographical Information Systems. Oxford University
Press, Oxford.

Chang, CL., SL. Lo, SL. Yu and C.Y. Hu, 2003
Combining variable order inverse distance method
and genetic algorithm to precipitation interpolation in
Feitsui Reservoir Watershed. Asian Waterqual 2003
Conference. Thailand.

Chang, C.L.., 81. Lo and S.I.. Yu, 2005. Applying fuzzy
theory and genetic algorithm to interpolate
precipitation. . Hydrol., 314: 92-104.

147¢



J. Applied Sci., 8 (8): 1471-1478, 2008

Chiles, I.P. and P. Delfiner, 1999. Geostatistics. Modeling
Uncertainty. Wiley, New York.

Cooper, W. and C. Jarvis, 2004. A java-based intelligent
advisor for selecting a context-appropriate
spatial interpolation algontlm. Comput. Geosci,
30: 1003-1018.

Cressie, NA.C., 1991. Statistics for Spatial Data. Wiley,
New York.

Deraisme, I., J. Humbert, G. Drogue and N. Freslon, 2001 .
Geostatistical — Interpolation of Rainfall in
Mountainous Areas. In: Geo ENV III: Geostatistics
for Environmental Applications, Monestiez, P.,
D. Allard and R. Froidevaux (Eds.).
Academic Publishers, Dordrecht, pp: 57-66.

Ghohroudi, T.M., 2006. Evaluation of elevation models
construction and modification methods. Res. Geogr.,
57:27-42.

Gomez-Hemandez, 1., E. Cassiraga, C. Guardiola-Albert
and J. Alvarez-Rodrigues, 2001. Incorporating
Information from a Digital Elevation Model for
Improving the Areal Estimation of Rainfall. Tn: Geo
ENV TII:  Geostatistics for  Environmental
Applications, Monestiez, P., D. Allard and
R. Froidevaux (Eds.). Kluwer Academic Publishers,
Dordrecht, pp: 67-78.

Goodale, CL.,1.D. Alber and 3.V. Olinger, 1998. Mapping
monthly precipitation, temperature and
radiation for Ireland with polynomial regression and
digital elevation model. Climate Res., 10: 35-49.

Goovearts, P., 1997. Geostatistics for Natural Resources
Evaluation. Oxford University Press, New York.

Goovaerts, P., 2000. Geostatistical approaches for
mncorporating elevation mto the spatial interpolation
of ramnfall. J. Hydrol., 228: 113-129.

Greene, R., 1991. Poverty concentration measures and the
urban underclass. Econ. Geogr., 67 (3): 240-252.
Hay, I.., R. Viger and G. McCabe, 1998. Precipitation
Interpolation Regions Using
Multiple Linear Regression. In: Hydrology, Water
Resources and Ecology 1 Headwaters, Kovar, K.,
U. Tappeiner, N.E. Peters and R.G. Craig (Eds.).
Proceedings of the Headwater 1998 Conference,
Mean/Merino, Italy, April I[AHS Publication,

pp: 248.

Heuvelink, G. and R. Webster, 2001. Modeling soil
variation: Past, present and future. Geoderma,
100 (3-4): 2659-301.

Hevesi, I.A., I.D. Istok and A.L. Flint, 1992a. Precipitation
estimation in mountainous terrain using multivariate
geostatistics. Part I Structural analysis. J. Applied
Meteorol., 31: 677-688.

Kluwer

solar

in  Mountainous

Hevesi, I.A., A L. Flint and I.D. Tstok, 1992b. Precipitation
estimation in mountainous terrain using multivarnate
geostatistics. Part II: Tsohytal maps. J. Applied
Meteorol., 31: 661-676.

Hodgson, M.E., 1989. Searching methods for rapid grid
interpolation. Professional Geographer, 411: 51-61.

Hofierka, I., J. Parajka, M. Mitasova and L. Mitas, 2002.
Multivariate interpolation of precipitation using
regularized spline with tension. Trans. GIS6, 135-150.

Hutchinson, M.F., 1995, Interpolation mean rainfall using
thin plate smoothing splines. Int. J. Geogr. Inform.
Syst., 9 385-403.

Hutchinson, M.F., 1998a. Interpolation of ramfall data
with thin plate smoothing splines. Part I. Two
dimensional smoothing of data with short range
correlation. J. Geogr. Inform. Decision Anal.,
2:139-151.

Hutchinson, M.F., 1998b. Interpolation of ramfall data
with thin plate smoothing splines. Part II: Analysis of
topographic dependence. J. Geogr. Inform. Decision
Amnal., 2: 152-167.

Hutchinson, M.F. and G.C. Gallant, 1999. Representation
of Terramn. In: Geographical Information Systems:
Principles and Technical Tssues, Longley, P.A.,
M.F. Goodchild, D. Maguire and D.W. Rhind (Eds.).
Wiley, New York, pp: 105-113.

Isaaks, EH. and R.M. Srivastava, 1989. An Introduction
to Applied Geostatistics. Oxford Umiversity Press,
New York.

Jarvis, C.H. and N. Stuart, 200la. A comparison among
strategies for interpolating maximum and minimum
daily air temperatures part I The selection of guiding
topographic and land cover variables. J. Applied
Meteorol., 40 (6): 1060-1074.

Jarvis, CH. and N. Stuart, 2001b. A comparison among
strategies for interpolating maximum and minimum
daily air temperatures part IT: The interaction between
number of guiding vanables and type of interpolation
method. . Applied Meteorol., 40 (6): 1075-1084.

Kurtzman, D. and R. Kadmon, 1999. Mapping of
temperature variables in Israel: A comparison of
different Climate Res.,,
13: 33-43,

Lloyd, C.D., 2005. Assessing the effect of integrating
elevation data into the estimation of monthly
precipitation in Great Britain. T. Hydrol., 308: 128-150.

Mahdavi, M., 2007a. Applied Hydrology. Vol. 1, Tehran
University Publications, pp: 362.

Mahdavi, M., 2007b. Applied Hydrology. Vol. 2, Tehran
University Publications, pp: 424.

mterpolation methods.

1477



J. Applied Sci., 8 (8): 1471-1478, 2008

Marquinez, T., J. Lastra and P. Garcia, 2003. Estimation
models  for  precipitation in
regions: The use of GIS and multivariate analysis. I.
Hydrol., 270: 1-11.

Martinez-Cob, A., 1996. Multivariate geostatistical
analysis of evapotranspiration and precipitation in
mountainous. J. Hydrol.,, 174 (1-2): 19-35.

Mayer, A.S., C.T. Kelley and C.T. Miller, 2001. Optimal
design for problems involving flow and transport
phenomena in saturated subsuwrface systems. Adv.
Water Resour., 25: 1233-1256.

Meyers, D.E., 1994. Spatial interpolation: An overview.
Geoderma, 62: 17-28.

Minsker, B.S. and C.A. Shoemaler, 1998. Dynamic optimal

control of in situ remediation of ground water.
J. Water Resour. Plan Manage., 124 (3): 149-161.

Mitas, L. and H. Mitasova, 1988. General variational
approach to the interpolation problem. Comput.
Math. Appl., 16 (12): 983-992.

Modallaldoust, S., 2007. Estimation of sediment and
erosion with use of MPSIAC and EPM models in
GIS environment. M.Sc. Thesis, University of
Mazandaran, Iran.

Ninyerola, M., X. Pons and JM. Roure, 2000. A
methodological approach of climatological modeling
of air temperature and precipitation through GIS
techmiques. Int. J. Climatol., 20 (14): 1823-1841.

Oliver, M.A. and R. Webster, 1990. Kriging: A method of
interpolation for geographical information systems.
Int. T. Geogr. Inform. Syst., 4 (3): 313-332.

Oliver, M A. and A L. Khayrat, 2000. A geostatistical
mvestigation of the spatial variation of radon in soil.
Comput. Geosci., 27 (8): 939-957.

Philip, G.M. and D.F. Watsor, 1982. A precise methoed for
determining contoured surfaces. J. Aust. Petrol.
Explor. Assoc., 22: 202-212.

Pudhomme, C. and D.W. Reed, 1999. Mapping extreme
rainfall in a mountainous region using geostatistical
techniques: A case study in Scotland. Int. I
Climatol., 19: 1337-1356.

mountainous

Rizzo, D.M. and D.E. Dougherty, 1996. Design
optimization for multiple management period
groundwater remediations. Water Resour. Res.,
32(8): 2549- 2561.

Smith, R.B., 1979. The influence of mountains on the
atmosphere. Adv. Geophys., 21: 230-287.

Spreen, W.C., 1947. A determmation of the effect of
topography upon precipitation. Trans. Am. Geophys.
Union, 28: 285-290.

Sullivani, D.O. and J. Unwin, 2003. Geographical
Information Analysis. Wiley, New York.

Tabios, G.Q. and .D. Salas, 1985. A comparative analysis
of techniques for spatial interpolation of
precipitation. Water Resour. Bull., 21: 365-380.

Wackernagel, H., 2003. Multivaniate Geostatistics. An
Introduction with Applications. 3rd Edn. Springer,
Berlin.

Ware, C., W. Knight and D. Wells, 1991. Memory
intensive algorithms for multitbeam bathymetric data.
Comput. Geosci., 17 (7): 985-993.

Webster, R. and M.A. Oliver, 2000. Geostatistics for
Environmental Scientists. Wiley, Chichester.

Weisse, A K. and P. Bois, 2001. Topographic effects on
statistical characteristics of heavy rainfall and
mapping in the French Alps. T. Applied Meteorol.,
40 (4): 720-740.

Wolting, G., C.H. Bouvier, I. Danlox and I.M. Fritsch,
2000. Regmalization of extreme precipitation
distribution using the principle components of the
topographical environment. T. Hydrol., 233: 86-101.

Yuval, D.M. Broday and Y. Carmel, 2005. Mapping spatio-
temporal variables: The impact of the time-averaging
window width on the spatial accuracy. Atmospheric
Enviren., 39: 3611-3619.

Zheng, C. and P.P. Wang, 2002. A field demonstration of
the simulation-optimization approach for remediation
system design. Ground Water, 40 (3): 258- 265.

1478



	JAS.pdf
	Page 1


