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The use of Spatial Statistics in the Estimation of 
Environmental Pollution 

ABSTRACT 
Kriging technique is used for optimal prediction about  

grade of ore  metal , such as, oil, gold, iron and cooper etc, 
that exists at some location or locations.                                                

In this paper we use this technique to  predict the pollution 
of lead powder accumulating at 23 locations in  Mosul city. The 
coordinates of these locations have been determined by 
projecting them on the map measurement .We could get five 
predictions of five unobserved locations of the pollution .                                                                

Also we compute the error in these predications, total 
estimation and confidence limits for the mean of the pollution in 
Mosul city. The mathematical concepts in this research are the 
computation of variogram function and covariance function 
based on central location in the city and stationary assumption 
is assumed with discussion .         

The covariance function is used in Kriging equation 
system to obtain the results that are very encouraging .All 
computations are executed by using MATLAB system. 
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 8��F��B� ��?���� �������� 6�
�@���� $���
� N3�� ��<��
�� .

�
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2 zzk −=σ
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[ ])JJ(/)J1( 12

0
11

000
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[ ])JJ(/})J(1{ 12
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1

o
1
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2
ẑo

−−− ∑′σ∑′−+σ∑σ′=σ ……………………… (6)                               
 
D��Cressie (1993) 

-�(���� :�������� 
D�)2005(
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��(��� ������ 2

kσ;$��� ����� �<�� Error variance.
�� D)S��2σ����� ���� ������� �- 2

ˆ0zσ
�(&&��� ����&&� �&- 0ẑ.
&D�� 
Ripley (1981) 
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0 )(ˆ1)( ……………………(7) 
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Total estimation = A )(xz ……………….. (8) 

 �� .�A�)��� ���� Area �($��� D.
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��(��� �� ;$��� ���local estimation error �- :
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1 1
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2002
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iiLE xMxzxzMxzxzM ∑ ∑∑

= ==

=−=


 −= σσ
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 �� .�M������� ���� $�(����-��� 
��(�.

����!:� ������ ������� �����($���� ��< ����!:� 
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�9�)���A��� ��)�:

Total variance = var 22

1
00 )()()(ˆ1
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ii AxzxzMA σ∗=


 −∗ ∑

=

…(10) 

 � �(� C
�� ��!�� ��� 2�)��&< �&�
��(��� ���� D�����&��� 	&�.� 
�=� >
�&�'��� ;$���� ���� �� >
��'��� N�
) Standard error &&� Total 

variance �&�
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�� ��� ������ ���� ��� %)95(C
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Standard Error = ianceTotal var  
Total Estimation ± 1.96 standard Error      ……………… (11) 
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B ���� 
�
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B�� �)# 
�!�� ��� # ,��� ����� (
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 �� ��!� �� �5
�� �� �����3 ���� �� �� 
���� 
��� �&�� *��&3��� �� �
��'� �$�� *��3� �� ,���� �!
���� >��)� = �9��� 
����� 6����� *�3�

 6�&�
�$��� *�3� ��� �9!���� �� ����� 8C��� 4�3
�� .4�&3
�� 
�&�5 ��
 � E��� ������� 7.- �� �!���������!
�=�������&!��� 6�
��&��� ���� ?�5 �� 
�� 7.- �� ��?���� ��+� K���)� P+�
�)� ����+ �� ��?� ���� C��� .������ 7.9��

 �'��$�� *�?���� 
����� OF�
$�� Y�)� �$���� 6������ �'��$�� *�?���� 
���� ��
 
����� �� >�� *�
� 
����� ���Kolmogorov �Smirnov .
D��Bernard 

(1976) 
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���!��)1(� �3%� ������� �� 4�3
�� 
��5 ?���
� *+����9������)� *� N�
�� 
O$����� z(x) ���+z(x) v(x) u(x) 
,��� z1688 8.5 11.5 
������ z290 1010

�����9��� z322.67 6.5 10.5 
�) [
�B z4880 6.75 13
����!��� z5200 89
2'��� z6251.67 914
�����(�� z754.33 11.5 9.5 

���� z8241.67 9.5 8
O��!�� z915 715
��
��� z10 50108

�%!��� [
�B z11 461.67 513
����3�� z12 1057.67 1213
6����'�� z13 917.67 5.5 14.5 
K���)�� z14 507 7.5 7
C�)��� z15 52.67 1215

�!��� z16 364 311.5 
K�
<��� z17 501411.5 
O������ z18 601414
��$�� z19 551216.5 

3:����
?�� \S z20 90.33 2.5 12.5 
,�(�� z21 7714.5 13
	��
��� z22 651.5 13.5 
��(�� z23 12.33 16
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(γ

h

ψ

0ψ

���!��)2(:���9�� ������ ��$��� *+��� 
O$����� v(x) u(x) 

,��� ����� 912

�!�� ��� 412
�$
B�� �) 6.5 9.5 
6������ 8.5 8

���� �) 10.5 10.5 
�=?@���6.5 15

���!�� �� 6������� 7.- �$�����)1(��&� ���
!��� ��
��
��%�� P�B ���� ����)
 �)�?� A'��� �9<'� �� �'�� ���� 6��-�B��� R��?�h�&� �)&<�� EF������ 

���!��)3.(
D��Cressie (1993).���&!�� �� EF����� ���)� �'��)1(�&��
 ���� ��� �+S'�� ����
 ��
5 6��)� �)�?:�� ��
��
����%�� P�B h.��B�� �� ���

)2.(

��B�� )2(��
��
��%�� P�B ����� ������� ��
�� 
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���!��)3(:��
��
��%�� P�B ���� EF��� 
γ (h) h

638220.9 1
95578.3 2

109010.7 3
112675.8 4
133647.3 5
144747.6 6
127564.6 7
109341.6 8
141346.8 9
151974.7 10
129152.9 11
35541.3 12
46508.5 13
68369.7 14

55240.14 15
77450.4 16
88621.6 17

110308.5 18
139002.6 19
62342.15 20
98540.4 21

228264.9 22
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��B�� �� D)S��)2(�&�=�� �����?� ���� �� C
��� ��
��
��%�� ���� ��
 �)�?:� h��� >���'�� 
�)��� *$(� �9���0ψ=0.06 ��&��� �9��%�
� ���?�� 

��� 
(���h = 0.14 Y�&��� �� >� a =11 �&�� 
(�&�� ��
��
��&%�� �&���� 
0.14 =γ(h) �� >� P&� [�%�
� ��� �-� 0.2=σ2�� .�ψψσ += 0

2

���� 	�.��0.14=ψ.
��� ��B�� �� ��
��
��%�� ����)2(���� >.�� >�
��� ��
��
��%�� ���� P��B�
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γ ……………. (12) 

Cressie(1993),Istok and Cooper(1988) 

��@��� ���� �� ��3)�� c(h) �+S'�� 
��'� ���=� :


D��Steven and Cressie (1996) 
)()0()( hcch −=γ

�� 
)()0()( hchc γ−=

ψψσ +== 02)0(c




 −−−+= 3
00 )(2

1
2
3)( a

h
a
hhc ψψψψ

.�8���V� ��B�� �9� 
��@��� ���� ���� :
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���'��� 
��(� �'��a�ψ�0ψ����� ��F�9��� �@�3�� ���� ��
��
��%�� ���� �� 
��B��� 
��@�����=� :
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�� ����� �$
�� �� 6����� ��
�� ,��(� �- >.�� �3��]1:50000 [P�� >� ��
 �'�]50000*11[R
�&� �&�� 
�%� �.-� ��'�� �� 2���� ��!� �(� N�� ��

 ���
��� �($�� .Y���� 
����� �� P��� C
�B:� �!� >.�� ������ ,�F
�� ������a
=11 ���&��� ��$ �'�� N3� �� 
��� ?��!��� *�$��� = ���� �- h�&��� �� 

�� 
��@��� 6����� �� ��?�� $�(��� R��?� ���� ����� 
��(��� ;$�� �<
'� ��
 C
��� .

�&��'�� O&��$�� �&��
��� �&($�� �� �9��+� C�-�B��� *+����� ��.�;�� 
��F��B'��{z(x)} ��� ����+�� 6������� ���%3� ���!� >�
��� R.����� �9� ���� 

��) ���(��� O$����� 
22 ))()(())()(( jiji xvxvxuxuh −+−= ……………………(15) 

 � Y�&�� ����
'� �'�� C
���� ���%3��� ������Q��0ψ�ψ���&!� 
���%3�∑�@�3�� ��) 	�.� )13(�9���'��∑−18�<�� ����) 	�. �'�� 

�� 6������� ��) 	�.� ���(��� O$������ �9�� ������ ��
��� O$����� �)15(����
 ��) 
��@��� ���� ���!� �9�S� ��)13(����'�� ��?��� ���!� 	�. �'��iλ�� 

�@�3�� 
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)16(………… .. 
�������)2005.(

���� �9�� ;���� �($�� ���� ���� �� �9�� $
�B� �∑
=

=
n
i i1

1λ
D�� 
���!��)4(����) �-�'�� #)(ˆ 0xz�+S'�� ��) 	�.� 	�
� 
�(� ���� >.��

)1.(
	�
� ������ ������� ��� 2

kσ	�
� 
�(� ������ )(ˆ0
2 xzσ�� ��-���!

 ��)5(#)6(������� ��.
�@�3�� �� P�� ��3) �����!:� ���(� ?�)���� 
�5 �<��� 
��(���)8(

�� ����!:� ������� �3)��)10(�)��� ���'� �'� 	�.�Area �($��� D���� 
>����km21211111 =×�� �'<���� 
��(��� ��� ��+
$� �� ��� �&� ;$��

 �� ��-���!� .� �'<���� 
��(���)7(�)9(��&�)� �&��+ 8�
���� ������� ��
 �(��� C
��%)95(��< 2��� C
�(��� �����D�+S'�� �� )11. (EF�&�� ���

 ���!�� �� �)<�� ���
��� )4.(

011
1

1'01( σσλ ∑ −+∑ −
∑ −′
∑ −−
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���!��)4(6̂��� *+����� �� �� >.�� ������ ���'� �����)�� EF����� 
z(xf)z(xe)z(xd)z(xc)z(xb)z(xa)
0.01 0.110.020.06 0.010.33λ1
0.00 0.310.050.02 0.000.11λ2
0.00 0.010.050.33 0.100.05λ3
0.09 0.010.000.04 0.060.09λ4
0.00 0.040.220.21 0.020.04λ5
0.08 0.040.000.00 0.000.16λ6
0.00 0.200.020.00 0.000.38λ7
0.00 0.040.220.03 0.000.00λ8
0.39 0.000.000.00 0.000.03λ9
0.00 0.050.140.01 0.000.00λ10 
.006 0.000.000.04 0.210.01λ11 
0.00 0.090.000.00 0.000.08λ12 
0.25 0.000.000.00 0.050.00λ13 
0.00 0.000.000.14 0.010.00λ14 
0.01 0.010.230.00 0.000.02λ15
0.00 0.000.000.07 0.270.00λ16
0.00 0.050.000.00 0.000.00λ17 
0.00 0.000.000.00 0.000.00λ18 
0.04 0.000.000.10 0.000.00λ19 
0.01 0.000.000.02 0.170.00λ20 
0.00 0.010.000.00 0.000.00λ21 
0.03 0.000.000.00 0.06-0.01λ22 
0.00 0.010.020.05 0.02-0.01λ23 
0.97 0.960.971.12 0.981.28∑

=

23

1i
iλ

394.82 267.9 251.4257.67 349.05478.21)(ˆ 0xz
0.21481 0.21364 0.21550.20658 0.210890.212422

kσ
1.2299 1.2031 1.22171.1881.19991.1952)(ˆ0

2 xzσ
333.175 )(xz
0.035 2

LEσ
40314.175 Total estimator 

512.435 Total variance 
(40269.807, 40358.543) �(��� C
�� 
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