


  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  )ج ج س(الجمعية الجغرافية السعودية

  

   ً.ئيسار        محمد بن عبد االله الصالح. د.أ
  .عضواً                   عبد االله بن أحمد الطاهر. د.أ
  .عضواً                 محمد بن صالح الربدي. د
  .عضواً      محمد بن عبد الحميد مشخص. د
 .           عضواً   سعد بن ناصر الحسين.د

  

  .جامعة أم القرى       ناصر بن عبد االله الصالح . د.أ
  .اح                              جامعة الكويتأمل يوسف العذبي الصب. د.أ
  .الجامعة الأردنية        حسن عبد القادر صالح . د.أ
  .الملك سعودجامعة       عبدالعزيز القبانيمحمد بن . د.أ
  . الإسلاميةالإمام محمد بن سعودامعة ج   عبداالله بن ناصر الوليعي. د.أ

 

  ١١٤٥١الرياض      ٢٤٥٦ص ب 
  ٤٦٧٧٧٣٢: فاكس   ٤٦٧٨٧٩٨: هاتف

 sgs@ksu.edu.sa:بريد إليكتروني

 البحوث والدراسات التي تنشر في بحوث جغرافية عن آراء كاتبيها، ولا تعبر بالضرورة عن وجهة نظر   تعبر
  .هيئة التحرير أو الجمعية الجغرافية السعودية 
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  .رئيس مجلس الإدارة    محمد شوقي بن إبراهيم  مكي. د.أ
  .نائب رئيس مجلس الإدارة    محمـد  بن صـالح  الربدي.  د
  .أمين السر    عبد اللـه بن حمد  الصليـع. د
  .أمين المال    محمد بن  عبد االله  الفاضـل.  د
  س وحدة البحوث والدراسات          رئي  محمد بن عبد الحميد مشخص. د
  محررة النشرة الجغرافية    عنـبرة بنت  خميـس  بلال. د
  .عضو مجلس الإدارة    علي بن محمد شيبان العريشي. د.أ
  .عضو مجلس الإدارة    معـراج بن نـواب مـرزا. د
  .عضو مجلس الإدارة    محمد  بن  أحمد  الراشــد. أ

  
  

  النشر فهرسة مكتبة الملك فهد الوطنية أثناء
  ناصر عبد العزيز ،السعران

تقديم أداء أساليب التقدير البيئي المكاني لسعة الماء المتاح في ترب منطقة 
  هـ١٤٣٠الرياض،  - ناصر عبد العزيز السعران..../الخرج
  )سلسلة بحوث جغرافية؛(-سم٢٤×١٧؛ ص٤٨

W٩٧٨-٦٠٣- ٩٠٠٠١-٥-٠   
١ Jאא–אFאEKאא JKא  

                   ١٤٣٠/ ٢٢٤                       ٥٥١،٤٩,٩٥٣١١٤  ديوي
                   ٢٢٤/١٤٣٠ :رقم الإيداع                                          

   ٩٧٨-٦٠٣- ٩٠٠٠١-٥-W٠:ردمــك                                              
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אאא 
١- אאאא،،אאאא

אאK 
٢- אאK 
٣- אאK 
٤ JאMS WORDאא

(Windows)A4،אAl-
HothamMonotype Koufi،١٦١٢

אFאאאKEאא
]٧٥[אא،]١٥[K 
٥ JאF٢٥٠Eא

אK 
٦ JאאאFE١٣C١٨

،א،א
،אאK 

٧ Jאאאאא J
א JאאאאK 

٨ JאאK
אאאאאא

K 
٩ Jאאאאא

אאK 
١٠ JאאאאFאLEאא،

אאאאאKא



אא
אKאאאW 

 JאWאאFאאא
אEא،אא،א،א

– Jאא،אK
K 

 JאWא،אאא
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؛אFEאאאאא
؛אאFE؛אאFE

אאאאKאאא
אאאאא
אאאאאאא

אאאא
אאאאאאא

אאאאK 
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��f��: 
אאאF(precision agricultureאאא

א אאא א     אא א  
א  א א available soil water capacity) E א 

א א required irrigation depth)E א א א
 א Firrigation intervalEHansen et al., 1980; Kravcenko,) 

2003; Morgan, et al., 2003; Pachepsky et al., 2006KEא  
 א  אא  א א  volumetric soil 

moisture content  א א field capacity) Eא א
אאאאFpermanent wilting pointFECassel and 

Nielsen, 1986WE 
AWC = θFC  - θPWP F١E 

W 
AWCZאאאF٣L٣E، 
θFCZאאאאאF٣L٣E، 
θPWPZאאאאאאF٣L٣KE 

אאאאא
א

אFleaching requirementWE 
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אאאאאאא ٤

W 
ikjRIDZאאFEiאkא

אj، 
ZZאאFE، 

DRZikZאFEiאk، 
 LRikjZאFE אiאk

אאj، 
cikZF٣L٣EiאkW 

PWPikikc θθ −= F٣E 

W 
ikθZאאאF٣L٣Eא
kKאiא 

אאאאאאא
א،אא

אFRhoades, et al., 1992KEאאא
אאאאאאא

אאאאאevapotranspiration)E
אאאאאW 
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אאאאאאא ٥

W 
ikIIZאאאאiאk
FE، 

ETikZאאאiאk
FLKE 

אאאאא
אאאא

אאאאאא
אאאFRhoades, et al., 1992KE،א

אאאאאא
אאא،אאא

FRhoades, et al., 1992KE 
אאאאאא

א
אאKאאא

אאא،FhydraulicE
אאאMinasnyandMcBratney,) 

(2002; Schaap et al., 2004א
א

אאאאאא



אאאאאאא ٦

אFSchaap et al., 2001; Minasny and 
McBratney, 2002KEאאאא

אFSpatial interpolationEאא
אאאאאאאFOrfanus and 

(Mikulec, 2005; Selle, et al., 2006אאאאא
FErsahin and Brohi, 2006E،אאFBárdossy and Lehmann, 

1998; Glenna and Carr, 2003; Snepvangers, et al., 2003; Feng, et al., 
2004; Jost, et al., 2005E،אFBourennane, et al., 2000; Hengl, 

et al., 2004; Herbst, et al., 2006E،אFLaslett, et al., 1987; 
Hengl, et al., 2004; López-Granados, et al., 2005;Emery, 2006; 

Robinson, and Metternicht, 2006E،אאFMcGrath and 
Zhang, 2003; Mueller and Pierce, 2003; Hengl, et al., 2004; Zhang 
and McGrath, 2004; López-Granados, et al., 2005; Robinson, and 

Metternicht, 2006; Simbahan, et al., 2006; Zhang, et al., 2007Eא،
FRobinson, and Metternicht, 2006E،אאCattle, et al.,) 

2002; Xu and Tao, 2004; Amini, et al., 2005; Hooker and Nathanail, 
2006; Zhao, et al., 2007E،אאFJuliá, et al., 2004E،

אFBaxter and Oliver, 2005; Zhang, et al., 2007Eאא،
FMeul and Van Meirvenne, 2003; López-Granados, et al., 2005E،

אFOdeh and McBratney, 2000; Triantafilis, et al., 2001E،
אFBekele, et al., 2003; Zhang, et al., 2007E،א

אwater retention curve parametersVoltz andGoulard,) 



אאאאאאא ٧
1994; Sinowski et al., 1997; Pachepsky, et al., 2001; Herbst, et al., 

2006KE 

אאאאא
א،אאאאא

אאאאאאא
אאאאאאFVoltz and 

Webster, 1990; Gotway, et al., 1996; Kravchenko and Bullock, 1999; 
Bishop and McBratney, 2001; Schloeder, et al., 2001; Herbst, et al., 
2006; Robinson and Metternicht, 2006; Selle, et al., 2006; Simbahan, 

et al., 2006KE 
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K  אאאאאFdeterministicE

אאgeostatistical)Eאאאא
אK 

K אאאאFaccuracyEאא
F(biasאאאאK 

K  Fdigital modelEאאא
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אאא

FEdgell, 1990, 1997EKאאאא
אאchalky)E

FaphaniticEFmassively beddedEא
אאאF(calcareniticאF(calcareniteFPowers et 

al., 1966KEאאאאFmoderately 

salineEאאF،א٢٠٠٥אKE 
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אאאאאF٥אE

אאאK 
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אאאאglobal positioning 

system (GPS)אאאאא
GISKאאאFaugerE
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K 
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אאאאאא

  א א  אאא א pressure 
plate extractor systemFKlute, 1986 EF soil 

(water potential  J٣٣LF J١L٣ J٣٣٣E
  א  J١٥٠٠L F J١٥   J١٥٠٠٠E

אאאFHansen et al., 1980; Cassel and Nielsen, 1986KE
   א א  א    

אאאאא،אF١KE 
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אאאאא
،אאאאאאאא

אאאאאאא
אJournel and Huijbregts (1978)Isaaks and 

Srivastava (1989)Goovaerts (1997)Webster and Oliver, 

(2001)Kאאאאאא
אאאאאGoovaerts (1999, 

2001)Kyriakidis and Journel, (1999)McBratney, et al., 
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(2000)Heuvelink and Webster, (2001)McBratney, et al., 

(2003)Kאאאאאא
אאאאאunivariate)Eאא

אאK 
אאאאא

אאאאאאFgeographic coordinate 
systemEאאאאאאא

Fprojected coordinate systemEאFAin el Abd_1970_ UTM_ 

zone 38 NEאאEuclidian)Eא
אאאאאאאא

אKאArcGIS 9.1 ESRI,) 

(2005אK 
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אאאאאאzא
אאu،z(u)،אאאz

אאאuα،z(uα)’s،אאאu uαK
אאאאא

אאאאאKא
אאאאאא

Thiessen polygon (TP)FGoovaerts, 2000Eא



אאאאאאא ١٧

Inverse distance weighting (IDW)FGoovaerts, 2000; Mueller et 
al., 2004; Kravchenko, 2003; Schloeder et al., 2001; Robinson 

and Metternicht, 2006KE 
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אאאא

אאאאאz(u)א
א)( 'α

uzW 
'

'' )()( ααααα
≠∀−<−= uuuuuu withzzT F٥E

אzT(u)אu'α
u،

אאאpolygon of influenceK 
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אאאאא
exact spatial interpolatorאאאא

אאKאאz(u))( αuzאאא
אW(u)،אאאא

אאאאאW(u)אאאאא
אpW 
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אאאאאאא ١٨

W 
n(u)Zאא)( αuzאאW(u)א z(u)K 

אאpאאאא
אאאאאא)( αuz

אאW(u)Kאא،אp
אאאאאאאאא

אpאFIsaaks and Srivastava, 1989KEא
p١א٢٣אאאא

אinverse distance (ID)אinverse 
squared distance (ISD)אinverse cubed 

distance (ICD)،אאKאא،אא
אאID ISD ICDאאא

אK 
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אאאאאאא
theory of regionalized variable)Eאאאz

realization)Eאא(random function)
F(stochasticKאאאא

אאאF(spatial continuityאאא
א( kriging)Kאא



אאאאאאא ١٩

א،אאאאא
אאFstructural distanceEאאא

אאKאאאא
אאuncertaintyאאאא

FGoovaerts, 1999KE 
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אאאאאא
F(semivariogramאאאFcovarianceE

אFcorrelogramEאא
(semimadogram)،אאא

אאFkriging systemEאאאstable

FDeutsch and Journel, 1998EאerraticFIsaaks and 

Srivastava 1989EאאאFlag meansKE
)( αuzאאAאאא
אexperimental)E،אאzא

אhאW 
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W 
C(h)Z،אאאא 
N(h)Z،אאאא 



אאאאאאא ٢٠

m-hZ،א 
m+hZאK 

אא،א
אאW 
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אאאאאא
אFfittingEFtheoreticalEא

אאאKאאא
אFpositive definiteE

אFDeutsch and Journel, 1998KEא
אאאאאא
אאאאאאאאא
אאאאאא

אK 
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אאsimple kriging (SK)אאordinary 
kriging (OK)אאuniversal kriging (UK)אא

אאאאאFGoovaerts, 1999E



אאאאאאא ٢١

אאאאאאKא
אאאאאFgeneralizedEא

אFDeutsch and Journel, 1998; Goovaerts, 1999WE 
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λα(u)Zאאz(uα) 
m(u)ZאFtrend componentEאאexpected) 
valueEZ(u)אאW 
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אאאFDeutsch and 
Journel, 1998; Goovaerts, 1999WE 
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F٢٤E 

W 
2
UKσZאאאאK 
אm(u)אparametricא

nonparametricאאאאm(u)
globalאאAאאאא
m(u)אAKאאא

אאR(u)biased،
אאאאK 

א،אאא
אאאאאאK

אאglobal polynomialא
אאאאm(u)אאא

אאאאKאאאorder
אא،אאאאW 
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 
F٢٧E

W 
xZאא،אאא 
yZאאאאאK 

אאאאm(u)
אאcross-validationK 
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אאאאאאאא

אאאFobservationE
אאאאא
אאא

FIsaaks and Srivastava, 1989KEאmean error) E
אאאאאאbias)Eא

אאאroot mean squared error)E
אאאאFaccuracyEאKא

אאאאאאא
אא،אW 
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W 
MEZא،אאאא 

RMSEZ،אאאאאאא 
)(' αuzZאאz(uα)، 
nZאK 
٥�
�:�א���4%&�{א���%� �
٥ J١אאאאאW 

אאאאאאא٠٧}٠
١٣٤}٠٣L٣אא١٠٣}٠٠١٨}٠٣L٣،

א،אא
אאאאאאאאא

אאאKאא٠٧٤}٠٣L٣
אאאאאא

אאאא،א
אK 



אאאאאאא ٢٨

אאאא
אאnormal distribution)Eא

אאאאאא
אFnonparametric testEFnormalityEאא

אKא J
Kolmogorov-Smirnov (K-S)אאאאא

אא١٠٤}٠אאFcritical valueEא
١٦٧}٠אFsignificance levelE٩٥٪א

אאאאא
אFtransformationE

K 
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אאאא
אא JFE J

F٤٥E JF٩٠E J
F١٣٥EFanisotropyE

אZ(u)אאR(u)،אא
אאאאomnidirectional)Eאא

אאKאאF٦Eא
F٧Eאאאאאh



אאאאאאא ٢٩

אאא،Kאא
Fnugget effectEFאאאאE

אאאא
אאאאאאאאK

אאאאFsphericalE
אאאאאKF 

(rangeFאאאאא
אאאEאא٢٠א

אאKאsillFא
אאE٠٠٠٤٣}٠٠٠٠٣}٠٣L٣א

אא،Kאאא
אאא،אW 

٦אWאאאאFE 
אאאאFEאא 
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٧אWאאאאFE 
אאאאFEאא 
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אאא
אאאאאאFא



אאאאאאא ٣١

٢٦Eאאאאאא
FquadrantE٢٠א

אKאF٣E
אאאאאא

אאאאKאאא
אאאאFsmoothEא

אאאאאאא
،אאאאאא،א

אאאאאאKא
אא

אz(uα)אאאאW(u)z(u)K
אאא

אאאאא
אאKאFאE

אאFnoiseEא
אregional trends)Eאא،

אאFאאאEאא
F(digital modelsאאK 

 
 
 



אאאאאאא ٣٢

٣אWאאאאא 
אאאאא 

אאF٣L٣E אאאא 
א 

א
אא
א 

א 
אא

א 
 0.07 0.134 0.1036 0.018 0.000578 0.0131 

א 0.086 
 

0.122 
 

0.1042 
 

0.009 
 

0.001214 0.01336 

א 0.076 
 

0.126 
 

0.104 
 

0.012 
 

0.001035 0.01165 

א 0.073 
 

0.128 
 

0.104 
 

0.014 
 

0.000989 0.01094 

אא 0.072 
 

0.129 
 

0.103 
 

0.015 
 

0.00045 0.00910 

אא 0.073 
 

0.129 
 

0.1036 
 

0.015 
 

0.00059 0.00922 

אא 0.069 
 

0.131 
 

0.103 
 

0.017 
 

0.000415 0.00954 

 
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،א٩٪אאאא
אאK،אא

אאאאאאK
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אאאאאFא

٨אאא،א
alsaaran@ksu.edu.saE،אא
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אאא١}٠א٣L٣

٥٨٤٢٥٦٪אאK 
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אאאאאאא

אאאאאאא
אאאאאא

אאK 
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אאאאאא
אאאK 

٦K אאא
אאאאאK 

٧K אאאאא
אאאאאאאאK 

٨K אאאאא
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אאE
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٩K אאאאאאK 
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١٠K אאאאאאאא
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אאאאאא
אאאאא

אאא٢٠א٠٠٠٤٣}٠
٠٠٠٣}٠٣L٣אא،אK

אאW 
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٢٠א
אK 

٢ J אאאא
אאאאK 

٣ J אאאאאאא
אK 

٤ J אא
אאאא

אאאאK 
٥ J אאאאאא

אאK 
٦ J אאאK 
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٧ J אאא
אאאאאK 
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Evaluation of Spatial Interpolators for Mapping 
 Available Soil Water Capacity in Kharj Area 
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Riyadh, Saudi Arabia 

E-mail: alsaaran@ksu.edu.sa 
 

Abstract: 
      Available soil water capacity (AWC) determines both irrigation 
depth and frequency, therefore, accurate mapping of its spatial 
distribution is essential for precision agriculture and sustainable 
management of soil and water resources in irrigated arid lands. Since 
direct measurement of AWC is often difficult, expensive and time-
consuming, its mapping is usually based on spatially interpolated 
values. Since the quality of maps and digital models obtained by 
spatial interpolation is partly determined by the method used, the 
relative experimental performance of several univariate deterministic 
and geostatistical spatial interpolators were evaluated to delineate the 
most accurate and least bias interpolator for AWC in Kharj area. 
Evaluation of the relative experimental performance of the different 
interpolators was based on the cross-validation technique and the bias 
and accuracy were quantified by mean error and root mean squared 

error statistics, respectively.                                                               
   Cross-validation results show that: (i) all interpolators except 
Thiessen polygon performed surface smoothing in the following order 
from highest to lowest: inverse distance, inverse squared distance, 
inverse cubed distance, simple kriging, ordinary kriging, universal 
kriging (UK) with a second order global polynomial detrending 
model; (ii) the geostatistical interpolators outperformed the 
deterministic interpolators in terms of bias and accuracy; (iii) kriging 
procedures have similar accuracy; (iv) UK is the least biased kriging 
estimator. Based on the level of surface smoothing, bias, and 
accuracy, UK provided the best estimates of AWC and, therefore, UK 



was used to construct high resolution maps and digital models for 
AWC and its estimation variance in Kharj area. These maps and digital 
models should constitute a major building block of the geodatabase 
required for geographic information system based precision 
agriculture and sustainable management of soil and water resources in 

this vital agricultural  area.                                                                 
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