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Regional Rainfall-Runoff Relations for Simulation of 
Streamflow for Watersheds in Du Page County, Illinois
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Figure 2. Locations of the study watersheds, watershed boundaries, and U.S. Geological Survey streamflow- and rainfall-gaging stations, and National Oceanic and Atmospheric 
Administration rain gages utilized in the development of rainfall-runoff relations for Du Page County, Ill.
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Figure 3. Natural Resources Conservation Service soil associations in Du Page County, Ill.
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Figure 4. Sawmill Creek watershed, stream channel, and U.S. Geological Survey streamflow- and rainfall-gaging 
stations.
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Table 2. Common soil types and (or) soil/urban complexes in the Kress Creek watershed and their properties
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Table 2. Common soil types and (or) soil/urban complexes in the Kress Creek watershed and their properties—Continued
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Figure 6. Kress Creek watershed, stream channel, and U.S. Geological Survey streamflow- and rainfall-gaging 
stations.

0

0 1 2 MILES

1 2 KILOMETERS

K
re

s
s

C
r e

e
k

5540060

415457088150600

Base from U.S. Geological Survey
1:100,000 and 1:2,000,000 Digi tal Data
Albers Equal-Area Conic Project ion
Standard paral le ls 33˚ and 45˚ , central meridian -89˚

EXPLANATION

U.S. GEOLOGICAL SURVEY

STREAMFLOW- AND 

RAINFALL-GAGING STATION

WATERSHED BOUNDARY

STATION NUMBER

U.S. GEOLOGICAL SURVEY

RAINFALL-GAGING STATION

5540060

415131088143600



14 Regional Rainfall-Runoff Relations for Simulation of Streamflow for Watersheds in Du Page County, Illinois

��	��!���� ���
� ��� 
��� ����������� ������ ���� $��	
������

�	� 
���  
���� �����!��� �	� 
�� � �����
� ���� 
�����

��
����� � �	� ��� ����� ���	
�� � ���� � ,� � ����	�� ���	�����

��	���� ����
��	 � � ��
�� ���� ������
��� 
� � �!��"�� 
���

����� � � 
��
� ��+�� ��� 
��� ���������� � ������ � ��
��

������
��	� ����	� � ��
������ ������
��� 
�� � � ���� � � �

��� � �	�� ��	�� ��"��� � �	�� ���"��� � �������� �	��
 �

����	����� � � � 
���
� � ��� �	
��	��� ����� � ���
�	
���� �"����


��	����
��	� � ����	����
��� ��������� � �	�� �
��� � � � �	��

�������� ��
��
 � ���	���� � 	������� ���� 
��� ����!��
��	�

��� ��  �����
��	� ������

Hydrologic Data

:�	���� ��
�� ����� ������
��� �
�  
�������������	��

 
�
��	 � ����
��� ��
��	� ����� ����	���� !� �	� � -���
��	�� �

��
�� ������ � ���"����� ��	
�	��� ��������	� �  
���� ��
��

�
� �� ) ���	�
�� �	
��"��� � ,�����
��� �
� �����  
���������

����	� �  
�
��	� ���"����� 	���� ����� 
���� ��
�� ��$�� �
��	�

�	�� ������ ��
�� ������
��	� ����	� �  
��� � � . 
����

��������� ����
��	 � ����� ��"������� ���� �����

 
�������������	��  
�
��	� !���� �	� �����	
���
���

��������� ��������	
 � �	�� ��
��� � �����!��� !��

:�	
%� �	�� �
��� � � � /0(� � � . 
������������� ��
�	� � �����

��	������� !�� �����	
���
��� ��������� ��������	
 �

����	� �  
��� � �	�� ������������� ����	� � 
���  
���� �

.������� ����� � � �� � ����� 
� � ��	�����  
�������������

��
�	� � ����	� � ���������� ��	��
��	 � � �	�����
� �������

��	
 � ��� ���+� ��������� ����� �
���%��� 
� � ����� ����	��


���  
������������� ����
��	� �
� ����� ����� �
� �����

 
�������������	��  
�
��	� � . 
��������� ������ � ���� 
���


����� ��
����� � ���� ��
��� � � ����� ���
��	� � � � �����	
�

������ � ���� 
��� ���� � ������� ��� ������� � �����
� ���� � 
���
���

������ � ����� � � � ��	
��� ������ � ���	� 
���  
����� � � ����

��"����� ��� ������ � ��� ��  �	�� ������� � � ������ ���� ��
���

����� ���
��	� � ) � �����	
� ������ � � ������  
��������� ��
��

���� 
��� 
����� ��
����� � ����� ��!������ �	� 4.5. �

�		���� ��
��� ��
�� �����
 � ���� ����	�� � �6�
%������� �	��

�
��� � � � /0B2 � 6�
%������� �	�� �
��� � � � /00 2 � ������ �	��

�
��� � � � /0/2 � .����"�	� �	�� �
��� � � � //�2 � :������ � �	��

�
��� � � � //� 2 � :������ � �	�� �
��� � � � //(2 � *� ,���� �	��

�
��� � � � //9 2 � �	�� ?���� � �	�� �
��� � � � //>� �

:��	����� ��
�� ����� ������
��� �
� � >� ����	� �  
�
��	 �

�	� �	�� 	���� �� ����� ���	
�� ����� � (� � � ,��� ��
�� �����

�	���  ��� ��� 
����  
�
��	 � ����� �
���%��� ����  �����
��	� ���


��� ���	�������	���� �����  � �	� 
��� 
����� ��
����� � �

��
�� ����� 
��� �
���� 0 �  
�
��	 � ����� �
���%��� �
� 
��� � 
� �

� 
���
�� ���	����� "���� � ���� ������ � ��� �� �	� � ���	�����

��
�� ����� 
��� ���	� ���� � ��
��	� 
��� ��
����� � �

,����	��!��+�
� ���	� ���� � ����� �	 
������ 
� � ������
�

���	����� ��
�� �
� �� �����
��	� ��� �� �� � �	� � �	�� �� ) ���	�
��

�������	� � �	
��"��� � ������ ���	���� � ��
�� ������
��� �����

6�!������ � /07 � 
������� .��
��!��� � //� � ���� ��"�	� �	�

��	�+��� �	�� �
��� � � � //(� � � �	�� ��
�� ������
��� �����

E�
�!��� � //� � 
� � .��
��!��� � //9 � ���� ��"�	� �	� . 
���!�

�	�� �
��� � � � //0 � � � ��
�� ������
��� �
� 
��� ���	���������	� �

 
�
��	 � ����� �����	
��� !�� ���	���� � ��
�� ����� 
���

#E''� ���	� ����� ����
��� �
� E H &���� �	
��	�
��	���

'�����
� � �������� � ���� � � �	�� �� ���	���������	� �  
�
��	�

����
��� �
� '���		�� #�
��	��� *�!���
���� � *���	
� � ���� �

����� � (� �

,��� ��
������������ ��
�� ��$������ ���� 
��� ������

����� � ������	� � �	������ ���	����� � ��
�	
���� �"���
��	� �

����
��	� � 	��� ���
�� � ���� 
������
���� � �������	
�


������
���� � ��	�� ����� � ������ ��"��� � �	�� 	�
� �����

�����
��	� �  �
������������ ��
�� ����� 
����������

�	���%��� ������ 
� � ������  �����
��	� � ,��� ��
���������

���� ��
�� �	������� 
���� ��
�� ������
��� �
�  
����  
�
��	 �

�	�� �
� #E''�  
�
��	 � �  ��	� ������� ���	���� � � � ��
���

��	��� ����� ���	
� ��������	
 � ��� ���	���� � �
� �"�����

����
��	 � ��
��	� 
��� ��
������ � ,����	� ������	 �

����� ��
����	��� 
� � �� 
��!�
�� 
��� ���	
� ��������	
 �

��� ���	����� �"��� 
���  
���� ��
����� �

:��	����� ��
�� ������
��� ����	�� �	
�	��  
��� � �� �

������
��� �������	�� 
� � 
��� ���	� ����� ��	����
�����

��������
��	 � � ,�� � ������
��	� �� � 	������ 
� � �����	
�

���� �"������� � � ��
��� ���� � ����� 
��� ��		��� 
� � 
��� 
���

��	��!��+�
� �����	��� � ,��� ������
��	� �� � �� �����


�"���� ��	��� �����
� �	� ���	����� 
�
�� �

,���
��	� ��� 
��� � >� ���	���������	� �  
�
��	 � �	� �	��

	���� ��� ����� ���	
�� ���� ������ � ��� �� �	� � ������� �

,��� ������ � ��� ��  �	� � ������� ��	������� ����
��� �����

�����	����� �����	�
��	 � � ��� ���� ��� ��!�� � ������	�� 
���

���	������ ��		��� � :��	����� ��
�� ���� ������ � ��� ��  �	� �

������� ����� � 
���
��� !�� ������	�� �� �� 
�	��������
���

�"������ ��
���� �	�� ��
�� ����� 
����� �����	��	� �

���	���������	� �  
�
��	 � �4� . � � �����
��	
� ���

��������� � #�
��	��� E���	�� � �	�� '
�������� �

'���	� 
��
��	� � � /B(� �

������
�"���� � ���
 � �	�� ���!����� � ���
 � ���

���	����� ����� ���� 
� � �	���%�� 
��� ��
�� ���� ������ � ���

�	��	 � 
�	��� � � ,��	� � �	�� ���	�� � �	� 
���  ����� ��� 
���

���!����� � ���"�� ����� �����	��� �	� ��
���� � 6����� 	�
� �


��
� �������	�� ��
�� 
��� ������ � �	� $�� 
��	� �����

��"������ 
� � ��
����	�� ����
�"�� ���
�� � ���� �	��	 � �


�	��� � �	� 
��� ��
��

,����� ��
��� � ����� ��"������ ���� � 
���
�	� � 
���

��
�	
���� �"���
��	����
��	� ��-,� C � &���	� ��
����

�&���	� � � /7� � � � ��	��	� �	
��
�� ��
���� � �	
��
�� �

� /7) � � � �	�� �� ��������� ��	��	� ��
���� �����!��� !��



Development of Regional Rainfall-Runoff Relations 15

D������ �	�� �
��� � � � /)) � � � ,��� ��	��	� �	
��
��

��
���� �� � �������� �	� 
�� �  
���� � � �
� �� � ��	 �������


��� ��
� ������
�� ��� 
��� ��
��� � ��"������ �	�� 
���

�-,� 
���� ���� � �� � �������� �"����!��� ����� 
���

 ���� 
� �����
�� �	�����
��	� .� 
��� �D�	+��� �	��

�
��� � � � //�� �

Land-Cover Data

'� 5�. � ��
�� !��� ���	
��	��� !�� �� ����� ���	
��

���"����� ���
� � ������� � �	�� 
������������� �	�����
��	�

����� ������ ��	����"��� ��
������ � �������� �	� 
��� ������

����� � ������	� � ������ !�� ����	��
��� � ,��� ����� ��� ��

��
������ ��	 � 
�	� � ��� ����� ��	����"��� ��
������ �� �

��
����	��� !�� ���� �	� � 
��� 5�. � ��
�� !��� � ,��� �����

����	��
��� � � �� ���
������� ��	����"��� ��
������ ��
��	� ��

��
������ �� � 
��	� ����� ��� � � �� �����	
���� ��� 
���


�
��� ����	���� �����

1Land-use information (that is, residential, com-
mercial, and others) is available from the 
Du Page County Planning Division on a tax 
parcel basis based on 1990 conditions. The 
entire county is divided into tax parcels and a 
single land use is assigned to each parcel. Thirty- one 
different land-use categories are identified 
on the basis of tax parcel information. For practical 
hydrologic simulation, these 31 land-use 
categories must be reduced to a small number of land-
cover categories that reasonably represent the hydro-
logic response of the watershed. Lumb and James 
(1976) found that subdividing watersheds into pervi-
ous and impervious land-cover categories provided 
reasonable accuracy in runoff simulation with the 
Stanford Watershed Model for storm-water manage-
ment in De Kalb County, Ga. For applications of HSPF 
in the Chicago area, division of the pervious land-
cover category into several categories has resulted in 
reliable simulations, for example, Price, (1994a) in 
Du Page County, and Duncker and others (1995) in 
Lake County. In this case, four categories of land cover 
were applied to rainfall-runoff simulation in Du Page 
County: impervious land, grassland, 
forest/wetland, and agricultural land. Percentages of 
these cover categories were developed for each of the 
31 land-use types in the tax parcel data base and pro-
grammed into the GIS data base so that land-cover per-
centages can be 
computed automatically for any watershed selected 
(Price, 1996).3
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Figure 7. Diagram of the Hydrological Simulation Program—Fortran model.
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Table  3. Model-calibration statistics for three watersheds in Du Page County, Ill., simulated with application 
of the best-fit parameter set for the Hydrological Simulation Program—Fortran for a 45-month calibration period 
(January 1990–September 1993)

Watershed Coefficient of
model-fit efficiency

Correlation
coefficient

Number of months
when the difference

between simulated and
observed average monthly 

discharge was less
than 10 percent

Number of months
when the difference

between simulated and
observed average monthly

discharge was less
than 25 percent
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Table  4. Observed and simulated annual and grand total runoff from three watersheds in 
Du Page County, Ill.
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Figure 8. Daily runoff-duration curves for observed data and Hydrological Simulation Program—Fortran simulation with the application of the best-fit and regional parameter 
sets for a 45-month calibration period (January 1990–September 1993) for Kress Creek at West Chicago, Ill.
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Figure 9. Daily runoff-duration curves for observed data and Hydrological Simulation Program—Fortran simulation with application of the best-fit and regional parameter 
sets for a 45-month calibration period (January 1990–September 1993) for St. Joseph Creek at Route 34 at Lisle, Ill.
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Figure 10. Daily runoff-duration curves for observed data and Hydrological Simulation Program—Fortran simulation with application of the best-fit and regional parameter 
sets for a 45-month calibration period (January 1990–September 1993) for Sawmill Creek near Lemont, Ill.
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Figure 11. Runoff-frequency plots for observed data and Hydrological Simulation Program—Fortran simulation with application of the best-fit and regional parameter sets 
for storms producing greater than 0.5 inch of runoff in a 3-day period for Kress Creek at West Chicago, Ill. (January 1990–September 1993).
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Figure 12. Runoff-frequency plots for observed data and Hydrological Simulation Program—Fortran simulation with application of the best-fit and 
regional parameter sets for storms producing greater than 0.6 inch of runoff in a 3-day period for St. Joseph Creek at Route 34 at Lisle, Ill., 
(January 1990–September 1993).
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Figure 13. Runoff-frequency plots for observed data and Hydrological Simulation Program—Fortran simulation with application of the best-fit and regional parameter sets 
for storms producing greater than 0.7 inch of runoff in a 3-day period for Sawmill Creek near Lemont, Ill., (January 1990–September 1993).
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Table  5. Model-calibration statistics for three watersheds in Du Page County, Ill., simulated for a 45-month 
calibration period (January 1990–September 1993)
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Table 6. Model-verification statistics for three watersheds in Du Page County, Ill., for a 39-month verification period
(July 1986–September 1989)
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Table 7. Observed and Hydrological Simulation Program—Fortran simulated with 
application of the regional parameter set for a 39-month verification period 
(July 1986–September 1989) annual and grand total runoff from three watersheds in 
Du Page County, Ill.
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Figure 14. Observed and Hydrological Simulation Program—Fortran simulated (with application of the regional parameter set) monthly runoff for a 
39-month verification period for Kress Creek at West Chicago, Ill.
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Figure 15. Observed and Hydrological Simulation Program—Fortran simulated (with application of the regional parameter set) monthly runoff for a 39-
month verification period for St. Joseph Creek at Route 34 at Lisle, Ill.
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Figure 16. Observed and Hydrological Simulation Program—Fortran simulated (with application of the regional parameter set) monthly runoff for a 
39-month verification period for Sawmill Creek near Lemont, Ill.
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Table 8. Model-recalibration statistics for Hydrological Simulation Program—Fortran simulation of rainfall-runoff 
relations for three watersheds in Du Page County, Ill., with application of the regional parameter set for an 
87-month recalibration period (July 1986–September 1993)

Watershed Coefficient of
model-fit efficiency

Correlation
coefficient

Number of months
when the difference

between simulated and
observed average monthly 

discharge was less
than 10 percent

Number of months
when the difference

between simulated and
observed average monthly

discharge was less
than 25 percent
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Figure 17. Daily runoff-duration curves for observed data and Hydrological Simulation Program—Fortran simulation with the application of the regional parameter set for an 87-
month recalibration period (July 1986–September 1993) for Kress Creek at West Chicago, Ill.
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Figure 18. Daily runoff-duration curves for observed data and Hydrological Simulation Program—Fortran simulation with application of the regional parameter set for an 87-
month recalibration period (July 1986–September 1993) for St. Joseph Creek at Route 34 at Lisle, Ill.
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Figure 19. Daily runoff-duration curves for observed data and Hydrological Simulation Program—Fortran simulation with application of the regional parameter set for an 
87-month recalibration period (July 1986–September 1993) for Sawmill Creek near Lemont, Ill.

0.001

1

0.002

0.003

0.004

0.005

0.007

0.01

0.02

0.03

0.04

0.05

0.07

0.1

0.2

0.3

0.4

0.5

0.7

R
U

N
O

FF
, I

N
 IN

C
H

E
S

0 10010 20 30 40 50 60 70 80 90

PERCENTAGE OF TIME INDICATED RUNOFF IS EXCEEDED

OBSERVED

REGIONAL SIMULATION



38
R

egional R
ainfall-R

unoff R
elations for Sim

ulation of Stream
flow

 for W
atersheds in D

u Page C
ounty, Illinois  

Figure 20. Runoff-frequency plots for observed data and Hydrological Simulation Program—Fortran simulation with application of the regional parameter set for an 87-
month recalibration period (July 1986–September 1993) for storms producing greater than 0.8 inch of runoff in a 3-day period for Kress Creek at West Chicago, Ill.
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Figure 21. Runoff-frequency plots for observed data and Hydrological Simulation Program—Fortran simulation with application of the regional parameter set for an 87-
month recalibration period for storms producing greater than 1.0 inch of runoff in a 3-day period for St. Joseph Creek at Route 34 at Lisle, Ill., 
(July 1986–September 1993)
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Figure 22. Runoff-frequency plots for observed data and Hydrological Simulation Program—Fortran simulation with application of the regional parameter set for an 87-
month recalibration period for storms producing greater than 1.0 inch of runoff in a 3-day period for Sawmill Creek near Lemont, Ill., (July 1986–September 1993)
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Table 9. Observed and Hydrological Simulation Program—Fortran simulated with application of the regional 
parameter set for an 87-month period (July 1986–September 1993) annual and grand total runoff from three 
watersheds in Du Page County, Ill.
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Figure 23
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Figure 23. Observed and Hydrological Simulation Program—Fortran simulated (with application of the regional parameter set) monthly runoff for Kress Creek at West Chicago, 
Ill., for an 87-month recalibration period.



R
esults of M

odel R
ecalibration

43

Figure 24. Observed and Hydrological Simulation Program—Fortran simulated (with application of the regional parameter set) monthly runoff for 
St. Joseph Creek at Route 34 at Lisle, Ill., for an 87-month recalibration period.
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Figure 25. Observed and Hydrological Simulation Program—Fortran simulated (with application of the regional parameter set) monthly runoff for Sawmill 
Creek near Lemont, Ill., for an 87-month recalibration period.
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Table 10. Rainfall-runoff coefficients for storms producing greater than 0.8 inch 
of observed runoff during a 3-day period in the Kress Creek watershed in Du Page 
County, Ill., (July 1986–September 1993)
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Table 11. Rainfall-runoff coefficients for storms producing greater than 
1.0 inch of observed runoff during a 3-day period for the St. Joseph Creek 
watershed in Du Page County, Ill., (July 1986–September 1993)
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Table 12. Rainfall-runoff coefficients for storms producing greater than 
1.0 inch of observed runoff during a 3-day period for the Sawmill Creek 
watershed in Du Page County, Ill., (July 1986–September 1993)
�����-���� ������� � ���'�� �	
� ������ � -�	� ��
� �'�� 	���� )�)
� � ��� ��
� '��
	��
&� � 	���-���� 	���--�

��
--���
��� � �	
� ��������
&� -�	� ��
� 	
��	&
&� 	���-���� ��� 
���� 	���� )�)
�

Observed
Rainfall runoff Rainfall-runoff

Date (inches) (inches) coefficient

D����� �4=�# % � ! +#6 � " # !  � " 61 ! " 2� 3" �6 3" �#

*�������� �3=��% � ! +#6 ! " �� ! " 4� ! " 32 3" #1  3" 42

/��������� ! =� % � ! +#+ �" 32 �" �� ! " ! # 3" 1#  3" 1�

@����� +=! ! % � ! ++3 � " 3� � " 64 �" 46 3" ##  3" 6!

8���� ! +=�! % � ! ++3 2" �3 � " 41 ! " 6+ 3" 2� 3" 2+

'�������� �6=�+% � ! ++3 � " 4�  � " ! 4 �" �# 3" 4�  3" 6�

D��	�� ! 2=! 4% � ! ++! " 6!  ! " +6 ! " �3 ! " #2 3" 44

8�
����� �=1 % � ! ++� ! " �4 ! " � ! ! " ! 1 3" +� 3" ##

8�
�� #=! 3% � ! ++� 4 " ! 4 � " � ! � " � 1 3" 12 ! " 3!

'���
��	��� ������  �����
��	 � ����� ����� �	� �	�

�

���
� 
� � ����"�� 
��� ���!���� ��� ��	� 
�	
� �	��� ���

���
��	� ��� ������  
��� � � �	���� �	� � 
��� ����	
� ���

�����"��� � ��	�� ��"��� �! 
�	
������ �	������� 
���

 �����
��� ��	���� "����� � !�
� ���� ��"���� �����
 � �	�


��� �"����� � �� � !���	��� � �	�� ������� � �	�� ���������

���
 � ��� 
��� ���������
��	� ���"� � � ,��� ����� � ������

��"�� !��	� ������!��
��� 
� � �����	�
�� ���� 
��� �	������

�	� �����"��� � ��	�� ��"��2 � ����"��� � ��	����"��� ��
�� ����

	�
� �"����!��� 
� � �����
� ��� ������ 
�� � ��������� � . 
��� �

��
�� ����
�	� � ���	�������	���� ��
�� � ����
��� 
��	� � � ���

������ ��"�� !��	� ��������� ����� 
��� �	���� � !�
� �����

��
��	��� 
� � ���� 
��
�� 
��� ���!��� � �	���	
����� �	� 
���

���	�������	����  �����
��	�

REGIONAL RAINFALL-RUNOFF 
RELATIONS

.�����
��	� ��� ��	���� ����� �� ��
������ ���"��� �

�	 ���
� 
� � 
��� ����� � � 
��
� �����
� ��	���� � '�
������

��
� ������
�� � �	� &.�6� ��		�
� !�� ���������� ��� � � �

����� � 
��� ������
��� "���� � ������ ����	�� 
��� ��	�����

����
��	 � !�
���	� 
��� ������ � 
��
� �����
� ��	���� � '�

��	���
����%�
��	� ��� 
��� ��	���� �����  � �� � ��"�������

������ 
� �  �����
��	� 
� � ������ 
��� ����!��
��	� ���������� �

,��� ��	���
����%�
��	� � � �����
�	
� �	� �����	�� 
���

����!��
��	� �����  � !������ 
��� 	��!��� ��� ������
�� �

�	� &.�6� ���� �����
�  ������� ����
 � ��
�� �������	
�

������
���  �
 � � ,�� � � 
��� ������������
��� "���� �

� ���	� �	� 
�!�� � � 9 � �	�� � >� � �	�� 
��� 4��� ��	
���� �	��
�

���� � �	� ����	���� � � � ��"������� �	� 
�� �  
���� ������
� 
���

��	���
����%�
��	� ��� 
��� ��
����� � �	�� 
��� ���������� �

������ � 
��
� �����
� ��	����

,��� ��	���
����%��� ������ ���� 
��� 
����� ��
���

��� � � � !���� �	� �	� �	��� � � ��� 
��� �������� �

�	� � �	�

����� ��
������ � ,��� ���	
�� 5�. � ��	����"��� ��
�� !���

���"����� 
��� ������ �	��
� 
� � $��	
�
�
�"���� ������	
� 
���

��� ����� �

�	� � �	� ����� ��
������ � ,��� ��!�	� ��	��

��"��� �	� 
���� ��
����� � ���� � �	� �����
�	
� ����� �	� 
���

��	���
��	� ��� ��	���� 
� � 
���  
����� � ,��� ����	
� ���

�����"��� � ��	�� ��"��� � ����
��� ��
�� ��!�	� ���� � �� �


�����
� 
� � !�� 
��� �������� ���
��� �	� ��	���
�	� � ��	����

6�"�� ��
������ � ��� ���"��� � ��	�� ��"�� � �����

����	��� !�� 
��� ���	
�� 5�. � ��
�� !��� � ,��� ��"�� ��
����

��� � ��	 � 
��� ��� 
�����  ���� � ��� ���  ��	�� � ���� 
� � �	��

�������
����� ��	�� � ,��� 
�����  ����� ��
������ � ����	��� !��


��� ���	
�� ���� 
��� ��� ��	�� ��	����"��� ��
������ ����

�@(� �����	
� � 9@) � �����	
� � �	�� 7 � �����	
� �	�� ����
��� �

�	�
���� ������  �����
��	 � �	����
��� 
��
� 
��� ������ �� �

�	�	 �
�"�� 
� � 
��� �������	
�  ����� ��� �����
��	 � ���� 
���

��� ��	�� ��	�� ��"��� � ,�� � � 
� �  �������� 
��� ������

 �����
��	 � � 
��� 
����� ��
������ � ��� ���  ��	�� �����

���!�	��� �	
� � �	�� ���  ��	�� ��
������

'������
����� ��	�� ��
��	� 
��� 
����� ��
����� �

�� � �������	
��
��� ����� �
���� ���"��� � ��	�� ��"�� � !��

���	��� "����
��	 � �	� 
��� �	
�����
��	�  
������ �������


��� ��-�.�� � 
� � ������
� 
��� �������	
�  
��� � ��� "���
�
�"��

����
�� ���� ���� � ���� � � ���	� �	�� ��!��	 � � -����
�

���� 
���  ���	��� "����
��	� �	� �	
�����
��	�  
������ � 
���

�������
����� ��	�� ��"��� �� �  �����
��� ��
��  �������

������ ������
�� � � � 
��� ��� ��	�� ��	����"��� ��
������

6���
��� ��	�� ��"��� �� � ������	
��� �	� ��  �������

��		��� � �������	
�  ���	��� "����
��	 � �	� 
��� �������� ���

�������� � 
��� � �� �  �����
��� !�� ��	
���� "����
��	� �	�

�-�.��



Regional Rainfall-Runoff Relations 47

Table 13. Model-parameter values for a 45-month (January 1990–September 1993) 
regional calibration period and an 87-month (July 1986–September 1993) regional 
recalibration of three watersheds in Du Page County, Ill., simulated with the Hydrological 
Simulation Program—Fortran
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HSPF parameters: INFILT, infiltration; INTFW, interflow; IRC, interflow recession constant; 
LZSN, lower zone nominal storage; AGWRC, active ground-water 
recession constant; DEEPFR, fraction of ground-water inflow, which 
goes to inactive ground water; AGWETP, active ground-water evapo-
transpiration, BASETP, baseflow evapotranspiration

HSPF parameters 45-Month regional calibration 87-Month regional recalibration
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Table 14. Monthly variable model-parameter values for the best-fit calibration, 45-month (January 1990–September 1993) regional calibration, and 87-month 
(July 1986–September 1993) recalibration of three watersheds in Du Page County, Ill., simulated with the Hydrological Simulation Program—Fortran
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Figure 26. Relation between the interflow recession constant in the Hydrological Simulation Program—Fortran 
and watershed area for three watersheds in Du Page County, Ill., and five watersheds in Lake County, Ill.
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APPENDIX 1: USER CONTROL INPUT FILES

User-Controlled Input (UCI) file for an 87-month simulation of
the Kress Creek watershed

RUN

GLOBAL
  Calibration run #01: Kress Creek, IL
      ***       yy mm dd hr:mn           yy mm dd hr:mn
  START       1986 07 01        END    1993 09 30
  RUN INTERP OUTPUT LEVEL    0
  RESUME     0 RUN     1 TSSFL     0 WDMSFL   16
END GLOBAL

OPN SEQUENCE
     ***                      hr mn
    INGRP              INDELT 01:00
      PERLND       1
      PERLND       2
      PERLND       3
      IMPLND       1
      PERLND       4
      PERLND       5
      PERLND       6
      IMPLND       2
      PERLND       7
      PERLND       8
      PERLND       9
      IMPLND       3
      PERLND      10
      PERLND      11
      PERLND      12
      IMPLND       4
      COPY         1
      COPY         2
      COPY         3
      COPY         4
      COPY         5
      COPY         6
      COPY         7
      COPY         8
      COPY         9
                      *** place *** behind any of the operations that are 
                      *** not needed for the simulation.  You __DO NOT__
                      *** need to delete other references to the operation
    END INGRP
END OPN SEQUENCE
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    *** Areas for Kress Creek:
    ***                                        sq miles       percent
    ***   ____________________________________________________________________
    ***   Du Page Airport rain gage 10.14
    ***       Y Soil Group
    ***
    ***   PERLND1  grassland 16.31
    ***   PERLND5  forest 2.69
    ***   PERLND9  agriculture 14.82
    ***   IMPLND1  impervious 7.51
    ***  
    ***       N Soil Group
    ***
    ***   PERLND2  grassland 2.70
    ***   PERLND6  forest 0.43
    ***   PERLND10 agriculture 9.85
    ***   IMPLND2  impervious 0.56
    ***
    ***   Kress Creek rain gage 7.86
    ***       Y Soil Group
    ***
    ***   PERLND3  grassland 12.18
    ***   PERLND7  forest 3.86
    ***   PERLND11 agriculture 15.65
    ***   IMPLND3  impervious 5.99
    ***
    ***       N Soil Group
    ***
    ***   PERLND4  grassland 0.88
    ***   PERLND8  forest 0.20
    ***   PERLND12 agriculture 6.05
    ***   IMPLND4  impervious 0.32
    ***   ____________________________________________________________________
    ***         totals 100.00

           *** Conversion factors
           *** inches-->cfs-days = 26.9 * area in sq miles
           ***                   = .042 * area in acres
           *** ratio is fraction of PERLND or IMPLND area to the
           *** total area of the watershed, should sum to 1.0
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PERLND
  ACTIVITY
    #THRU# ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC***
    1   12    0    0    1    0    0    0    0    0    0    0    0    0
  END ACTIVITY

  PRINT-INFO
 ***#THRU# ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC PIVL  PYR
    1   12    0    0    4    0    0    0    0    0    0    0    0    0    0    9
  END PRINT-INFO

  GEN-INFO
      *** replace name with an identifier for the PERLND segments
      *** e.g., Piedmont forest, Surface mine, Reclaimed, Pasture
                                    1=ENGL 2=METR PRINT FILES ***
    #THRU#<-----NAME--------->NBLKS<----UNITS----> ENGL METR  ***
    1    4 Grass                  1    1    1    1    2    0
    5    8 Forest                 1    1    1    1    2    0
    9   12 Agriculture            1    1    1    1    2    0
  END GEN-INFO

  PWAT-PARM1
    #thru# CSNO RTOP UZFG  VCS  VUZ  VNN VIFW VIRC  VLE           ***
    1   12    0    0    0    1    1    0    0    0    1
  END PWAT-PARM1

  PWAT-PARM2
      *** Calibration parameters:
      ***     LZSN should be calibrated, initially 2/3 of the available
      ***          water capacity in the rooting zone.
      ***   INFILT is major calibration parameter to shift surface runoff
      ***          and interflow to baseflow (by increasing INFILT).
      ***     AGWR is baseflow recession constant, used to match baseflows.
      ***     LSUR is length of overland flow. Do not change for natural
      ***          areas.  Should not exceed 1000 ft. For small disturbed
      ***          plots, use measured values.
      ***   FOREST is fraction of PERLND segment containing vegetation that
      ***          transpires during the winter.
    #THRU#FOREST      LZSN     INFILT     LSUR     SLSUR     KVARY     AGWR***
    1      0.0        .01       .20       400.      0.02      0.00     0.98
    2      0.0        .01       .02       400.      0.02      0.00     0.99
    3      0.0        .01       .20       400.      0.02      0.00     0.98
    4      0.0        .01       .02       400.      0.02      0.00     0.99
    5      0.0        .01       .20       400.      0.02      0.00     0.98
    6      0.0        .01       .02       400.      0.02      0.00     0.99
    7      0.0        .01       .20       400.      0.02      0.00     0.98
    8      0.0        .01       .02       400.      0.02      0.00     0.99
    9      0.0        .01       .20       400.      0.02      0.00     0.98
   10      0.0        .01       .02       400.      0.02      0.00     0.99
   11      0.0        .01       .20       400.      0.02      0.00     0.98
   12      0.0        .01       .02       400.      0.02      0.00     0.99
  END PWAT-PARM2
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  PWAT-PARM3
      *** DEEPFR should be adjusted towards 1.0 for intermittent streams.  
    #THRU# ***PETMAX    PETMIN    INFEXP    INFILD    DEEPFR    BASETP    AGWETP
    1   12       40.       35.       2.0       2.0     0.09       0.06      0.02 
    
  END PWAT-PARM3

  PWAT-PARM4
      *** Calibration parameters:                                    
      ***     UZSN should be 1/10th of LZSN.
      ***    INTFW is calibration parameter for volume of interflow.
      ***      IRC is calibration parameter for interflow recession.
      ***     NSUR is Manning’s ‘n’ for overland flow. Can be adjusted
      ***          for shaping storm hydrograph when 5- or 15-minute time
      ***          step is used.
    #THRU# CEPSC      UZSN      NSUR     INTFW       IRC     LZETP   ***
    1   12  0.01      0.75      0.1        7         .83      0.3
    
  END PWAT-PARM4

  PWAT-STATE1
      *** Initialization parameters:                               
      ***     LZS should be about 2/3 rds LZSN.
      ***    AGWS should be adjusted to match the initial baseflow or it
      ***         can be calculated using recession constant and observed
      ***         baseflow at the beginning of the simulation.
    #THRU#  CEPS      SURS       UZS      IFWS       LZS      AGWS  *** GWVS
    1   12   0.1       .02       1.1      0.02       0.1      0.4       0.00
    
  END PWAT-STATE1

  MON-INTERCEP
      *** Monthly inteception.                                             
      ***    Used instead of CEPSC when VCSFG=1.
      ***    Examples for hardwood forest, bare soil, and grass land.
      ***    Evergreen forest should have all months at least 0.10.
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC ***
    1    4  .01  .01  .02  .02  .03  .04  .04  .04  .03  .02  .01  .01
    5    8  .02  .03  .04  .06  .08  .10  .10  .10  .09  .07  .03  .02  
    9   12  .00  .00  .00  .02  .03  .08  .08  .08  .08  .04  .01  .00
*** hardwood.02  .03  .04  .06  .08  .10  .10  .10  .09  .07  .03  .02
*** baresoil.01  .01  .01  .01  .01  .01  .01  .01  .01  .01  .01  .01
*** grasslnd.01  .01  .02  .02  .03  .04  .04  .04  .03  .02  .01  .01
  END MON-INTERCEP
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  MON-LZETPARM
      *** Monthly lower zone ET parameter                                  
      ***    Used instead of LZETP when VLEFG=1
      ***    Examples for hardwood forest, bare soil, and grass land.
      ***    Evergreen forest should have all months at least 0.10.
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC ***
    1    4  .02  .02  .07  .16  .21  .30  .32  .32  .27  .16  .07  .02
    5    8  .02  .02  .10  .25  .35  .45  .50  .50  .40  .25  .10  .02
    9   12  .02  .02  .10  .25  .35  .45  .45  .45  .45  .30  .10  .02
*** hardwood.02  .02  .10  .25  .35  .45  .50  .50  .40  .25  .10  .02
*** baresoil.02  .02  .03  .04  .04  .04  .04  .04  .04  .03  .02  .02
*** grasslnd.02  .02  .07  .16  .21  .30  .32  .32  .27  .16  .07  .02
  END MON-LZETPARM

  MON-UZSN
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC  ***
    1   12  3.2  1.9  2.3  1.7  1.5  0.9  1.0  1.2  3.6  5.0  4.6  5.0
  END MON-UZSN
    
END PERLND

IMPLND
  ACTIVITY
    <ILS >     ACTIVE SECTIONS           ***
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL ***
    1    4   0    0    1    0     0   0
  END ACTIVITY
  PRINT-INFO
    <ILS >   ***   PRINT  FLAGS   ***
    # -  # ATMP SNOW IWAT  SLD  IWG  IQAL ***
    1    4             4
  END PRINT-INFO

  GEN-INFO
    #THRU#<-----NAME---------><----UNITS----> ENGL METR  ***
    1    4    Impervious          1    1    1    2    0

  END GEN-INFO

  IWAT-PARM1
    <ILS >         FLAGS               ***
    # -  # CSNO RTOP  VRS  VNN RTLI    ***
    1    4   0     1    1    0    0
  END IWAT-PARM1

  IWAT-PARM2
    <ILS >                                          ***
    # -  #      LSUR     SLSUR      NSUR      RETSC ***
    1    4      400       0.02      .013       0.10
  END IWAT-PARM2
  IWAT-PARM3
    <ILS >                            ***
    # -  #    PETMAX    PETMIN        ***
    1    4       40       35
  END IWAT-PARM3
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  MON-RETN
    <ILS >  Retention storage capacity at start of each month ***
    # -  #  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC ***
    1    4  .10  .10  .10  .10  .10  .10  .20  .20  .20  .20  .20  .10
  END MON-RETN

  IWAT-STATE1
    <ILS >   IWATER STATE VARIABLES  ***
    # -  #      RETS      SURS       ***
    1    4     0.001     0.001
  END IWAT-STATE1
END IMPLND

COPY
  TIMESERIES
  Copy-opn                                                      ***
    # -  #  NPT  NMN                                            ***
    1        0     1
    2        0     1
    3        0     1
    4        1     0
    5        1     0
    6        1     0
    7        0     1
    8        0     1
    9        0     1

  END TIMESERIES
END COPY

EXT SOURCES
                                                              
      *** note: a multiplier is used on potential ET so the annual PET
      ***       will be equivalent to lake evaporation for the location
<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name> dsn <Name> # tem strg<-factor->strg <Name>   #   #        <Name> # #  ***
WDM     46 EVAP     ENGL                   PERLND   1  12 EXTNL  PETINP
WDM     46 EVAP     ENGL                   IMPLND   1   4 EXTNL  PETINP
WDM    201 PREC     ENGL                   PERLND   1   2 EXTNL  PREC
WDM    201 PREC     ENGL                   PERLND   5   6 EXTNL  PREC
WDM    201 PREC     ENGL                   PERLND   9  10 EXTNL  PREC
WDM    201 PREC     ENGL                   IMPLND   1   2 EXTNL  PREC
WDM   1203 PREC     ENGL                   PERLND   3   4 EXTNL  PREC
WDM   1203 PREC     ENGL                   PERLND   7   8 EXTNL  PREC
WDM   1203 PREC     ENGL                   PERLND  11  12 EXTNL  PREC
WDM   1203 PREC     ENGL                   IMPLND   3   4 EXTNL  PREC
END EXT SOURCES
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NETWORK
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
PERLND   1 PWATER PERO       .1631         COPY     1     INPUT  MEAN   
PERLND   2 PWATER PERO       .0269         COPY     1     INPUT  MEAN
PERLND   3 PWATER PERO       .1482         COPY     1     INPUT  MEAN   
IMPLND   1 IWATER SURO       .0751         COPY     1     INPUT  MEAN   
PERLND   4 PWATER PERO       .0270         COPY     1     INPUT  MEAN   
PERLND   5 PWATER PERO       .0043         COPY     1     INPUT  MEAN   
PERLND   6 PWATER PERO       .0985         COPY     1     INPUT  MEAN
IMPLND   2 IWATER SURO       .0056         COPY     1     INPUT  MEAN   
PERLND   7 PWATER PERO       .1218         COPY     1     INPUT  MEAN   
PERLND   8 PWATER PERO       .0386         COPY     1     INPUT  MEAN
PERLND   9 PWATER PERO       .1565         COPY     1     INPUT  MEAN
IMPLND   3 IWATER SURO       .0599         COPY     1     INPUT  MEAN
PERLND  10 PWATER PERO       .0088         COPY     1     INPUT  MEAN
PERLND  11 PWATER PERO       .0020         COPY     1     INPUT  MEAN
PERLND  12 PWATER PERO       .0605         COPY     1     INPUT  MEAN
IMPLND   4 IWATER SURO       .0032         COPY     1     INPUT  MEAN   

PERLND   1 PWATER TAET       .1631         COPY     2     INPUT  MEAN   
PERLND   2 PWATER TAET       .0269         COPY     2     INPUT  MEAN
PERLND   3 PWATER TAET       .1482         COPY     2     INPUT  MEAN   
IMPLND   1 IWATER IMPEV      .0751         COPY     2     INPUT  MEAN   
PERLND   4 PWATER TAET       .0270         COPY     2     INPUT  MEAN   
PERLND   5 PWATER TAET       .0043         COPY     2     INPUT  MEAN   
PERLND   6 PWATER TAET       .0985         COPY     2     INPUT  MEAN   
IMPLND   2 IWATER IMPEV      .0056         COPY     2     INPUT  MEAN   
PERLND   7 PWATER TAET       .1218         COPY     2     INPUT  MEAN
PERLND   8 PWATER TAET       .0386         COPY     2     INPUT  MEAN
PERLND   9 PWATER TAET       .1565         COPY     2     INPUT  MEAN
IMPLND   3 IWATER IMPEV      .0599         COPY     2     INPUT  MEAN
PERLND  10 PWATER TAET       .0088         COPY     2     INPUT  MEAN
PERLND  11 PWATER TAET       .0020         COPY     2     INPUT  MEAN
PERLND  12 PWATER TAET       .0605         COPY     2     INPUT  MEAN
IMPLND   4 IWATER IMPEV      .0032         COPY     2     INPUT  MEAN  

PERLND   1 PWATER PET        .1631         COPY     3     INPUT  MEAN   
PERLND   2 PWATER PET        .0269         COPY     3     INPUT  MEAN   
PERLND   3 PWATER PET        .1482         COPY     3     INPUT  MEAN   
IMPLND   1 IWATER PET        .0751         COPY     3     INPUT  MEAN   
PERLND   4 PWATER PET        .0270         COPY     3     INPUT  MEAN   
PERLND   5 PWATER PET        .0043         COPY     3     INPUT  MEAN   
PERLND   6 PWATER PET        .0985         COPY     3     INPUT  MEAN   
IMPLND   2 IWATER PET        .0056         COPY     3     INPUT  MEAN
PERLND   7 PWATER PET        .1218         COPY     3     INPUT  MEAN  
PERLND   8 PWATER PET        .0386         COPY     3     INPUT  MEAN
PERLND   9 PWATER PET        .1565         COPY     3     INPUT  MEAN
IMPLND   3 IWATER PET        .0599         COPY     3     INPUT  MEAN
PERLND  10 PWATER PET        .0088         COPY     3     INPUT  MEAN
PERLND  11 PWATER PET        .0020         COPY     3     INPUT  MEAN
PERLND  12 PWATER PET        .0605         COPY     3     INPUT  MEAN
IMPLND   4 IWATER PET        .0032         COPY     3     INPUT  MEAN
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PERLND   1 PWATER UZS        .1631         COPY     4     INPUT  POINT  
PERLND   2 PWATER UZS        .0269         COPY     4     INPUT  POINT  
PERLND   3 PWATER UZS        .1482         COPY     4     INPUT  POINT  
IMPLND   1 IWATER RETS       .0751         COPY     4     INPUT  POINT  
PERLND   4 PWATER UZS        .0270         COPY     4     INPUT  POINT    
PERLND   5 PWATER UZS        .0043         COPY     4     INPUT  POINT  
PERLND   6 PWATER UZS        .0985         COPY     4     INPUT  POINT  
IMPLND   2 IWATER RETS       .0056         COPY     4     INPUT  POINT
PERLND   7 PWATER UZS        .1218         COPY     4     INPUT  POINT
PERLND   8 PWATER UZS        .0386         COPY     4     INPUT  POINT
PERLND   9 PWATER UZS        .1565         COPY     4     INPUT  POINT
IMPLND   3 IWATER RETS       .0599         COPY     4     INPUT  POINT
PERLND  10 PWATER UZS        .0088         COPY     4     INPUT  POINT
PERLND  11 PWATER UZS        .0020         COPY     4     INPUT  POINT
PERLND  12 PWATER UZS        .0605         COPY     4     INPUT  POINT
IMPLND   4 IWATER RETS       .0032         COPY     4     INPUT  POINT
 
PERLND   1 PWATER LZS        .1631         COPY     5     INPUT  POINT 
PERLND   2 PWATER LZS        .0269         COPY     5     INPUT  POINT  
PERLND   3 PWATER LZS        .1482         COPY     5     INPUT  POINT  
PERLND   4 PWATER LZS        .0270         COPY     5     INPUT  POINT  
PERLND   5 PWATER LZS        .0043         COPY     5     INPUT  POINT  
PERLND   6 PWATER LZS        .0985         COPY     5     INPUT  POINT
PERLND   7 PWATER LZS        .1218         COPY     5     INPUT  POINT
PERLND   8 PWATER LZS        .0386         COPY     5     INPUT  POINT
PERLND   9 PWATER LZS        .1565         COPY     5     INPUT  POINT
PERLND  10 PWATER LZS        .0088         COPY     5     INPUT  POINT
PERLND  11 PWATER LZS        .0020         COPY     5     INPUT  POINT
PERLND  12 PWATER LZS        .0605         COPY     5     INPUT  POINT

PERLND   1 PWATER AGWS       .1631         COPY     6     INPUT  POINT
PERLND   2 PWATER AGWS       .0269         COPY     6     INPUT  POINT  
PERLND   3 PWATER AGWS       .1482         COPY     6     INPUT  POINT  
PERLND   4 PWATER AGWS       .0270         COPY     6     INPUT  POINT  
PERLND   5 PWATER AGWS       .0043         COPY     6     INPUT  POINT  
PERLND   6 PWATER AGWS       .0985         COPY     6     INPUT  POINT
PERLND   7 PWATER AGWS       .1218         COPY     6     INPUT  POINT
PERLND   8 PWATER AGWS       .0386         COPY     6     INPUT  POINT
PERLND   9 PWATER AGWS       .1565         COPY     6     INPUT  POINT
PERLND  10 PWATER AGWS       .0088         COPY     6     INPUT  POINT
PERLND  11 PWATER AGWS       .0020         COPY     6     INPUT  POINT
PERLND  12 PWATER AGWS       .0605         COPY     6     INPUT  POINT
  
PERLND   1 PWATER AGWO       .1631         COPY     7     INPUT  MEAN   
PERLND   2 PWATER AGWO       .0269         COPY     7     INPUT  MEAN   
PERLND   3 PWATER AGWO       .1482         COPY     7     INPUT  MEAN   
PERLND   4 PWATER AGWO       .0270         COPY     7     INPUT  MEAN   
PERLND   5 PWATER AGWO       .0043         COPY     7     INPUT  MEAN   
PERLND   6 PWATER AGWO       .0985         COPY     7     INPUT  MEAN
PERLND   7 PWATER AGWO       .1218         COPY     7     INPUT  MEAN
PERLND   8 PWATER AGWO       .0386         COPY     7     INPUT  MEAN
PERLND   9 PWATER AGWO       .1565         COPY     7     INPUT  MEAN
PERLND  10 PWATER AGWO       .0088         COPY     7     INPUT  MEAN
PERLND  11 PWATER AGWO       .0020         COPY     7     INPUT  MEAN
PERLND  12 PWATER AGWO       .0605         COPY     7     INPUT  MEAN
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PERLND   1 PWATER IFWO       .1631         COPY     8     INPUT  MEAN   
PERLND   2 PWATER IFWO       .0269         COPY     8     INPUT  MEAN   
PERLND   3 PWATER IFWO       .1482         COPY     8     INPUT  MEAN   
PERLND   4 PWATER IFWO       .0270         COPY     8     INPUT  MEAN   
PERLND   5 PWATER IFWO       .0043         COPY     8     INPUT  MEAN   
PERLND   6 PWATER IFWO       .0985         COPY     8     INPUT  MEAN
PERLND   7 PWATER IFWO       .1218         COPY     8     INPUT  MEAN
PERLND   8 PWATER IFWO       .0386         COPY     8     INPUT  MEAN
PERLND   9 PWATER IFWO       .1565         COPY     8     INPUT  MEAN
PERLND  10 PWATER IFWO       .0088         COPY     8     INPUT  MEAN
PERLND  11 PWATER IFWO       .0020         COPY     8     INPUT  MEAN
PERLND  12 PWATER IFWO       .0605         COPY     8     INPUT  MEAN

PERLND   1 PWATER SURO       .1631         COPY     9     INPUT  MEAN   
PERLND   2 PWATER SURO       .0269         COPY     9     INPUT  MEAN
PERLND   3 PWATER SURO       .1482         COPY     9     INPUT  MEAN   
IMPLND   1 IWATER SURO       .0751         COPY     9     INPUT  MEAN   
PERLND   4 PWATER SURO       .0270         COPY     9     INPUT  MEAN   
PERLND   5 PWATER SURO       .0043         COPY     9     INPUT  MEAN   
PERLND   6 PWATER SURO       .0985         COPY     9     INPUT  MEAN   
IMPLND   2 IWATER SURO       .0056         COPY     9     INPUT  MEAN   
PERLND   7 PWATER SURO       .1218         COPY     9     INPUT  MEAN
PERLND   8 PWATER SURO       .0386         COPY     9     INPUT  MEAN
PERLND   9 PWATER SURO       .1565         COPY     9     INPUT  MEAN
IMPLND   3 IWATER SURO       .0599         COPY     9     INPUT  MEAN
PERLND  10 PWATER SURO       .0088         COPY     9     INPUT  MEAN
PERLND  11 PWATER SURO       .0020         COPY     9     INPUT  MEAN
PERLND  12 PWATER SURO       .0605         COPY     9     INPUT  MEAN
IMPLND   4 IWATER SURO       .0032         COPY     9     INPUT  MEAN

COPY     1 OUTPUT MEAN       11853.2       DISPLY   1     INPUT  TIMSER 1
END NETWORK

EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name>   #        <Name> # #<-factor->strg <Name> dsn <Name> #  tem strg strg***
COPY     1 OUTPUT MEAN                     WDM     11 FLOW     ENGL      REPL
COPY     2 OUTPUT MEAN                     WDM     12 TAET     ENGL      REPL
COPY     3 OUTPUT MEAN                     WDM     13 PET      ENGL      REPL
COPY     4 OUTPUT POINT                    WDM     14 UZS      ENGL      REPL
COPY     5 OUTPUT POINT                    WDM     15 LZS      ENGL      REPL
COPY     6 OUTPUT POINT                    WDM     16 AGWS     ENGL      REPL
COPY     7 OUTPUT MEAN                     WDM     17 AGWO     ENGL      REPL
COPY     8 OUTPUT MEAN                     WDM     18 IFWO     ENGL      REPL
COPY     9 OUTPUT MEAN                     WDM     19 SURO     ENGL      REPL 
END EXT TARGETS

END RUN
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User-Controlled Input (UCI) file for an 87-month simulation of
the St. Joseph Creek watershed

RUN

GLOBAL
                                                              
  Calibration run #01: St Joseph Creek, IL
      ***       yy mm dd hr:mn           yy mm dd hr:mn
  START       1986 07 01        END    1993 09 30
  RUN INTERP OUTPUT LEVEL    0
  RESUME     0 RUN     1 TSSFL     0 WDMSFL   16
END GLOBAL

OPN SEQUENCE
     ***                      hr:mn 
    INGRP              INDELT 01:00
      PERLND       1
      PERLND       2
      PERLND       3
      PERLND       4
      PERLND       5
      IMPLND       1
      PERLND       6
      IMPLND       2
      COPY         1
      COPY         2
      COPY         3
      COPY         4
      COPY         5
      COPY         6
      COPY         7
      COPY         8
      COPY         9
                      *** place *** behind any of the operations that are  
                      *** not needed for the simulation.  You __DO NOT__
                      *** need to delete other references to the operation
    END INGRP
END OPN SEQUENCE



Appendix 1 67

    *** Areas for St Joseph Creek:
    ***                                                   percent
    ***   ____________________________________________________________________
    ***   St. Joseph Creek at Rt. 34 rain gage 
    ***
    ***   PERLND1  grassland                              27.72
    ***   PERLND3  forest                                  2.93
    ***   PERLND5  agriculture                             0.07
    ***   IMPLND1  impervious                              8.50
    ***
    ***   Clarendon Hills rain gage
    ***
    ***   PERLND2  grassland                              42.91
    ***   PERLND4  forest                                  3.86
    ***   PERLND6  agriculture                             0.18
    ***   IMPLND2  impervious                             13.83
    ***   ____________________________________________________________________
    ***         totals

           *** Conversion factors
           *** inches-->cfs-days = 26.9 * area in sq miles
           ***                   = .042 * area in acres
           *** ratio is fraction of PERLND or IMPLND area to the
           *** total area of the watershed, should sum to 1.0

PERLND
  ACTIVITY
    #THRU# ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC***
    1   10    0    0    1    0    0    0    0    0    0    0    0    0
  END ACTIVITY

  PRINT-INFO
 ***#THRU# ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC PIVL  PYR
    1   10    0    0    4    0    0    0    0    0    0    0    0    0    0    9
  END PRINT-INFO

  GEN-INFO
      *** replace name with an identifier for the PERLND segments
      *** e.g., Piedmont forest, Surface mine, Reclaimed, Pasture
                                    1=ENGL 2=METR PRINT FILES ***
    #THRU#<-----NAME--------->NBLKS<----UNITS----> ENGL METR  ***
    1    2 Grass                  1    1    1    1    2    0
    3    4 Forest                 1    1    1    1    2    0
    5    6 Agriculture            1    1    1    1    2    0
  END GEN-INFO

  PWAT-PARM1
    #thru# CSNO RTOP UZFG  VCS  VUZ  VNN VIFW VIRC  VLE           ***
    1    6    0    0    0    1    1    0    0    0    1
  END PWAT-PARM1
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  PWAT-PARM2
      *** Calibration parameters:
      ***     LZSN should be calibrated, initially 2/3 of the available
      ***          water capacity in the rooting zone.
      ***   INFILT is major calibration parameter to shift surface runoff
      ***          and interflow to baseflow (by increasing INFILT).
      ***     AGWR is baseflow recession constant, used to match baseflows.
      ***     LSUR is length of overland flow. Do not change for natural
      ***          areas.  Should not exceed 1000 ft. For small disturbed
      ***          plots, use measured values.
      ***   FOREST is fraction of PERLND segment containing vegetation that
      ***          transpires during the winter.
    #THRU#FOREST      LZSN     INFILT     LSUR     SLSUR     KVARY     AGWR***
    1    6 0.0         0.1      .02       400.      0.02      0.00     0.98
  END PWAT-PARM2

  PWAT-PARM3
    #THRU# ***PETMAX    PETMIN    INFEXP    INFILD    DEEPFR    BASETP    AGWETP
    1    6       40.       35.       2.0       2.0     0.32       0.05      .04

  END PWAT-PARM3

  PWAT-PARM4
      *** Calibration parameters:                                    
      ***     UZSN should be 1/10th of LZSN.
      ***    INTFW is calibration parameter for volume of interflow.
      ***      IRC is calibration parameter for interflow recession.
      ***     NSUR is Manning’s ‘n’ for overland flow. Can be adjusted
      ***          for shaping storm hydrograph when 5- or 15-minute time
      ***          step is used.
    #THRU# CEPSC      UZSN      NSUR     INTFW       IRC     LZETP   ***
    1    6  0.01      0.75      0.1        7         .60      0.3

  END PWAT-PARM4

  PWAT-STATE1
      *** Initialization parameters:                                
      ***     LZS should be about 2/3 rds LZSN.
      ***    AGWS should be adjusted to match the initial baseflow or it
      ***         can be calculated using recession constant and observed
      ***         baseflow at the beginning of the simulation.
    #THRU#  CEPS      SURS       UZS      IFWS       LZS      AGWS  *** GWVS
    1    6  0.00      0.00       1.9      0.2        0.1      0.0       0.00

  END PWAT-STATE1
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  MON-INTERCEP
      *** Monthly inteception.                                              
      ***    Used instead of CEPSC when VCSFG=1.
      ***    Examples for hardwood forest, bare soil, and grass land.
      ***    Evergreen forest should have all months at least 0.10.
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC ***
    1    2  .01  .01  .02  .02  .03  .04  .04  .04  .03  .02  .01  .01
    5    6  .01  .01  .01  .02  .03  .05  .06  .07  .07  .04  .01  .01
    3    4  .01  .01  .02  .04  .06  .08  .10  .10  .09  .07  .03  .02
*** hardwood.02  .03  .04  .06  .08  .10  .10  .10  .09  .07  .03  .02
*** baresoil.01  .01  .01  .01  .01  .01  .01  .01  .01  .01  .01  .01
*** grasslnd.01  .01  .02  .02  .03  .04  .04  .04  .03  .02  .01  .01
  END MON-INTERCEP
  MON-LZETPARM
      *** Monthly lower zone ET parameter                                  
      ***    Used instead of LZETP when VLEFG=1
      ***    Examples for hardwood forest, bare soil, and grass land.
      ***    Evergreen forest should have all months at least 0.10.
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC ***
    1    2  .02  .02  .07  .16  .21  .30  .32  .32  .27  .16  .07  .02
    5    6  .02  .02  .05  .16  .26  .38  .42  .42  .36  .18  .03  .02
    3    4  .02  .02  .10  .25  .35  .45  .50  .50  .40  .25  .10  .02
*** hardwood.02  .02  .10  .25  .35  .45  .50  .50  .40  .25  .10  .02
*** baresoil.02  .02  .03  .04  .04  .04  .04  .04  .04  .03  .02  .02
*** grasslnd.02  .02  .07  .16  .21  .30  .32  .32  .27  .16  .07  .02
  END MON-LZETPARM

  MON-UZSN
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC  ***
    1    6  3.2  1.7  2.3  1.7  1.5  0.9  1.0  1.2  3.6  5.0  4.6  5.0
  END MON-UZSN

  MON-INTERFLW
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC ***
    1    6 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
  END MON-INTERFLW

  MON-IRC
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC ***
    1    6  .98  .98  .97  .97  .90  .90  .90  .90  .90  .90  .90  .93
  END MON-IRC
END PERLND

IMPLND
  ACTIVITY
    <ILS >     ACTIVE SECTIONS           ***
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL ***
    1    2   0    0    1    0     0   0
  END ACTIVITY
  PRINT-INFO
    <ILS >   ***   PRINT  FLAGS   ***
    # -  # ATMP SNOW IWAT  SLD  IWG  IQAL ***
    1    2             4
  END PRINT-INFO
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  GEN-INFO
    #THRU#<-----NAME---------><----UNITS----> ENGL METR  ***
    1    2  Impervious            1    1    1    2    0

  END GEN-INFO

  IWAT-PARM1
    <ILS >         FLAGS               ***
    # -  # CSNO RTOP  VRS  VNN RTLI    ***
    1    2   0     1    0    0    0
  END IWAT-PARM1

  IWAT-PARM2
    <ILS >                                          ***
    # -  #      LSUR     SLSUR      NSUR      RETSC ***
    1    2      400       0.02      .013       0.10
  END IWAT-PARM2
  IWAT-PARM3
    <ILS >                            ***
    # -  #    PETMAX    PETMIN        ***
    1    2       40       35
  END IWAT-PARM3

  IWAT-STATE1
    <ILS >   IWATER STATE VARIABLES  ***
    # -  #      RETS      SURS       ***
    1    2     0.001     0.001
  END IWAT-STATE1
  
  MON-RETN
    <ILS >  Retention storage capacity at start of each month ***
    # -  #  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC ***
    1    2  .10  .10  .10  .10  .10  .10  .20  .20  .20  .20  .20  .10
  END MON-RETN

END IMPLND

COPY
  TIMESERIES
  Copy-opn                                                      ***
    # -  #  NPT  NMN                                            ***
    1        0     1
    2        0     1
    3        0     1
    4        1     0
    5        1     0
    6        1     0
    7        0     1
    8        0     1
    9        0     1

  END TIMESERIES
END COPY
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EXT SOURCES
                                                              *** 
      *** note: a multiplier is used on potential ET so the annual PET
      ***       will be equivalent to lake evaporation for the location
<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name> dsn <Name> # tem strg<-factor->strg <Name>   #   #        <Name> # #  ***
WDM     46 EVAP     ENGL                   PERLND   1   6 EXTNL  PETINP
WDM     46 EVAP     ENGL                   IMPLND   1   2 EXTNL  PETINP
WDM    213 PREC     ENGL                   PERLND   1     EXTNL  PREC
WDM    213 PREC     ENGL                   PERLND   3     EXTNL  PREC
WDM    213 PREC     ENGL                   PERLND   5     EXTNL  PREC
WDM    213 PREC     ENGL                   IMPLND   1     EXTNL  PREC
WDM    205 PREC     ENGL                   PERLND   2     EXTNL  PREC
WDM    205 PREC     ENGL                   PERLND   4     EXTNL  PREC
WDM    205 PREC     ENGL                   PERLND   6     EXTNL  PREC
WDM    205 PREC     ENGL                   IMPLND   2     EXTNL  PREC
END EXT SOURCES

NETWORK
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
PERLND   1 PWATER PERO       .2772         COPY     1     INPUT  MEAN   
PERLND   2 PWATER PERO       .4291         COPY     1     INPUT  MEAN   
PERLND   3 PWATER PERO       .0293         COPY     1     INPUT  MEAN   
PERLND   4 PWATER PERO       .0386         COPY     1     INPUT  MEAN   
PERLND   5 PWATER PERO       .0007         COPY     1     INPUT  MEAN   
IMPLND   1 IWATER SURO       .0850         COPY     1     INPUT  MEAN   
PERLND   6 PWATER PERO       .0018         COPY     1     INPUT  MEAN   
IMPLND   2 IWATER SURO       .1383         COPY     1     INPUT  MEAN   

PERLND   1 PWATER TAET       .2772         COPY     2     INPUT  MEAN   
PERLND   2 PWATER TAET       .4291         COPY     2     INPUT  MEAN   
PERLND   3 PWATER TAET       .0293         COPY     2     INPUT  MEAN   
PERLND   4 PWATER TAET       .0386         COPY     2     INPUT  MEAN   
PERLND   5 PWATER TAET       .0007         COPY     2     INPUT  MEAN   
IMPLND   1 IWATER IMPEV      .0850         COPY     2     INPUT  MEAN   
PERLND   6 PWATER TAET       .0018         COPY     2     INPUT  MEAN   
IMPLND   2 IWATER IMPEV      .1383         COPY     2     INPUT  MEAN   

PERLND   1 PWATER PET        .2772         COPY     3     INPUT  MEAN   
PERLND   2 PWATER PET        .4291         COPY     3     INPUT  MEAN   
PERLND   3 PWATER PET        .0293         COPY     3     INPUT  MEAN   
PERLND   4 PWATER PET        .0386         COPY     3     INPUT  MEAN   
PERLND   5 PWATER PET        .0007         COPY     3     INPUT  MEAN   
IMPLND   1 IWATER PET        .0850         COPY     3     INPUT  MEAN   
PERLND   6 PWATER PET        .0018         COPY     3     INPUT  MEAN   
IMPLND   2 IWATER PET        .1383         COPY     3     INPUT  MEAN   

PERLND   1 PWATER UZS        .2772         COPY     4     INPUT  POINT  
PERLND   2 PWATER UZS        .4291         COPY     4     INPUT  POINT  
PERLND   3 PWATER UZS        .0293         COPY     4     INPUT  POINT  
PERLND   4 PWATER UZS        .0386         COPY     4     INPUT  POINT  
PERLND   5 PWATER UZS        .0007         COPY     4     INPUT  POINT  
PERLND   6 PWATER UZS        .0018         COPY     4     INPUT  POINT  
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PERLND   1 PWATER LZS        .2772         COPY     5     INPUT  POINT  
PERLND   2 PWATER LZS        .4291         COPY     5     INPUT  POINT  
PERLND   3 PWATER LZS        .0293         COPY     5     INPUT  POINT  
PERLND   4 PWATER LZS        .0386         COPY     5     INPUT  POINT  
PERLND   5 PWATER LZS        .0007         COPY     5     INPUT  POINT  
PERLND   6 PWATER LZS        .0018         COPY     5     INPUT  POINT  
 
PERLND   1 PWATER AGWS       .2772         COPY     6     INPUT  POINT
PERLND   2 PWATER AGWS       .4291         COPY     6     INPUT  POINT  
PERLND   3 PWATER AGWS       .0293         COPY     6     INPUT  POINT  
PERLND   4 PWATER AGWS       .0386         COPY     6     INPUT  POINT   
PERLND   5 PWATER AGWS       .0007         COPY     6     INPUT  POINT  
PERLND   6 PWATER AGWS       .0018         COPY     6     INPUT  POINT  

PERLND   1 PWATER AGWO       .2772         COPY     7     INPUT  MEAN   
PERLND   2 PWATER AGWO       .4291         COPY     7     INPUT  MEAN   
PERLND   3 PWATER AGWO       .0293         COPY     7     INPUT  MEAN   
PERLND   4 PWATER AGWO       .0386         COPY     7     INPUT  MEAN   
PERLND   5 PWATER AGWO       .0007         COPY     7     INPUT  MEAN   
PERLND   6 PWATER AGWO       .0018         COPY     7     INPUT  MEAN   

PERLND   1 PWATER IFWO       .2772         COPY     8     INPUT  MEAN   
PERLND   2 PWATER IFWO       .4291         COPY     8     INPUT  MEAN   
PERLND   3 PWATER IFWO       .0293         COPY     8     INPUT  MEAN   
PERLND   4 PWATER IFWO       .0386         COPY     8     INPUT  MEAN   
PERLND   5 PWATER IFWO       .0007         COPY     8     INPUT  MEAN   
PERLND   6 PWATER IFWO       .0018         COPY     8     INPUT  MEAN   

PERLND   1 PWATER SURO       .2772         COPY     9     INPUT  MEAN ***  
PERLND   2 PWATER SURO       .4291         COPY     9     INPUT  MEAN ***
PERLND   3 PWATER SURO       .0293         COPY     9     INPUT  MEAN ***
PERLND   4 PWATER SURO       .0386         COPY     9     INPUT  MEAN ***
PERLND   5 PWATER SURO       .0007         COPY     9     INPUT  MEAN ***
IMPLND   1 IWATER SURO       .0850         COPY     9     INPUT  MEAN 
PERLND   6 PWATER SURO       .0018         COPY     9     INPUT  MEAN ***  
IMPLND   2 IWATER SURO       .1383         COPY     9     INPUT  MEAN   

END NETWORK

EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name>   #        <Name> # #<-factor->strg <Name> dsn <Name> #  tem strg strg***
COPY     1 OUTPUT MEAN                     WDM     11 FLOW     ENGL      REPL
COPY     2 OUTPUT MEAN                     WDM     12 TAET     ENGL      REPL
COPY     3 OUTPUT MEAN                     WDM     13 PET      ENGL      REPL
COPY     4 OUTPUT POINT                    WDM     14 UZS      ENGL      REPL
COPY     5 OUTPUT POINT                    WDM     15 LZS      ENGL      REPL
COPY     6 OUTPUT POINT                    WDM     16 AGWS     ENGL      REPL
COPY     7 OUTPUT MEAN                     WDM     17 AGWO     ENGL      REPL
COPY     8 OUTPUT MEAN                     WDM     18 IFWO     ENGL      REPL
COPY     9 OUTPUT MEAN                     WDM     19 SURO     ENGL      REPL 
END EXT TARGETS

END RUN
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User-Controlled Input (UCI) for an 87-month simulation of
the Sawmill Creek watershed 

RUN

GLOBAL
  Calibration run #01: Sawmill Creek, IL
      ***       yy mm dd hr:mn           yy mm dd hr:mn
  START       1986 07 01        END    1993 09 30
  RUN INTERP OUTPUT LEVEL    0
  RESUME     0 RUN     1 TSSFL     0 WDMSFL   16
END GLOBAL

OPN SEQUENCE
     ***                      hr mn
    INGRP              INDELT 01:00
      PERLND       1
      PERLND       2
      PERLND       3
      PERLND       4
      PERLND       5
      IMPLND       1
      PERLND       6
      IMPLND       2
      COPY         1
      COPY         2
      COPY         3
      COPY         4
      COPY         5
      COPY         6
      COPY         7
      COPY         8
      COPY         9
                      *** place *** behind any of the operations that are 
                      *** not needed for the simulation.  You __DO NOT__
                      *** need to delete other references to the operation
    END INGRP
END OPN SEQUENCE
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    *** Areas for Sawmill Creek:
    ***                                        sq miles       percent
    ***   ____________________________________________________________________
    ***   Clarendon Hills raingage
    ***
    ***   PERLND1  grassland 38.12
    ***   PERLND3  forest 3.60
    ***   PERLND5  agriculture 1.76
    ***   IMPLND1  impervious 11.89
    ***
    ***   Sawmill Creek rain gage
    ***
    ***   PERLND2  grassland 24.56
    ***   PERLND4  forest 13.82
    ***   PERLND6  agriculture 0.98
    ***   IMPLND2  impervious 5.27
    ***   ____________________________________________________________________
    ***         totals

           *** Conversion factors
           *** inches-->cfs-days = 26.9 * area in sq miles
           ***                   = .042 * area in acres
           *** ratio is fraction of PERLND or IMPLND area to the
           *** total area of the watershed, should sum to 1.0

PERLND
  ACTIVITY
    #THRU# ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC***
    1    6    0    0    1    0    0    0    0    0    0    0    0    0
  END ACTIVITY

  PRINT-INFO
 ***#THRU# ATMP SNOW PWAT  SED  PST  PWG PQAL MSTL PEST NITR PHOS TRAC PIVL  PYR
    1    6    0    0    4    0    0    0    0    0    0    0    0    0    0    9
  END PRINT-INFO

  GEN-INFO
      *** replace name with an identifier for the PERLND segments
      *** e.g., Piedmont forest, Surface mine, Reclaimed, Pasture
                                    1=ENGL 2=METR PRINT FILES ***
    #THRU#<-----NAME--------->NBLKS<----UNITS----> ENGL METR  ***
    1    2 Grass                  1    1    1    1    2    0
    3    4 Forest                 1    1    1    1    2    0
    5    6 Agriculture            1    1    1    1    2    0
  END GEN-INFO

  PWAT-PARM1
    #thru# CSNO RTOP UZFG  VCS  VUZ  VNN VIFW VIRC  VLE           ***
    1    6    0    0    0    1    1    0    0    0    1
  END PWAT-PARM1
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  PWAT-PARM2
      *** Calibration parameters:
      ***     LZSN should be calibrated, initially 2/3 of the available
      ***          water capacity in the rooting zone.
      ***   INFILT is major calibration parameter to shift surface runoff
      ***          and interflow to baseflow (by increasing INFILT).
      ***     AGWR is baseflow recession constant, used to match baseflows.
      ***     LSUR is length of overland flow. Do not change for natural
      ***          areas.  Should not exceed 1000 ft. For small disturbed
      ***          plots, use measured values.
      ***   FOREST is fraction of PERLND segment containing vegetation that
      ***          transpires during the winter.
    #THRU#FOREST      LZSN     INFILT     LSUR     SLSUR     KVARY     AGWR***
    1    6 0.0        0.1       .02       400.      0.02      0.00     0.99
 
  END PWAT-PARM2

  PWAT-PARM3
    #THRU# ***PETMAX    PETMIN    INFEXP    INFILD    DEEPFR    BASETP    AGWETP
    1    6       40.       35.       2.0       2.0     0.33      0.05    0.02 
  END PWAT-PARM3

  PWAT-PARM4
      *** Calibration parameters:                                    
      ***     UZSN should be 1/10th of LZSN.
      ***    INTFW is calibration parameter for volume of interflow.
      ***      IRC is calibration parameter for interflow recession.
      ***     NSUR is Manning’s ‘n’ for overland flow. Can be adjusted
      ***          for shaping storm hydrograph when 5- or 15-minute time
      ***          step is used.
    #THRU# CEPSC      UZSN      NSUR     INTFW       IRC     LZETP   ***
    1    6  0.01      0.75      0.1        7         .59      0.3
  END PWAT-PARM4

  PWAT-STATE1
      *** Initialization parameters:                                
      ***     LZS should be about 2/3 rds LZSN.
      ***    AGWS should be adjusted to match the initial baseflow or it
      ***         can be calculated using recession constant and observed
      ***         baseflow at the beginning of the simulation.
    #THRU#  CEPS      SURS       UZS      IFWS       LZS      AGWS  *** GWVS
    1    6  0.00      0.00       0.9       1.0       0.1      1.9       0.00
  END PWAT-STATE1
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  MON-INTERCEP
      *** Monthly inteception.                                             
      ***    Used instead of CEPSC when VCSFG=1.
      ***    Examples for hardwood forest, bare soil, and grass land.
      ***    Evergreen forest should have all months at least 0.10.
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC ***
    1    2  .01  .01  .02  .02  .03  .04  .04  .04  .03  .02  .01  .01
    3    4  .02  .03  .04  .06  .08  .10  .10  .10  .09  .07  .03  .02  
    5    6  .00  .00  .00  .02  .03  .08  .08  .08  .08  .04  .01  .00
*** hardwood.02  .03  .04  .06  .08  .10  .10  .10  .09  .07  .03  .02
*** baresoil.01  .01  .01  .01  .01  .01  .01  .01  .01  .01  .01  .01
*** grasslnd.01  .01  .02  .02  .03  .04  .04  .04  .03  .02  .01  .01
  END MON-INTERCEP
  MON-LZETPARM
      *** Monthly lower zone ET parameter                                   
      ***    Used instead of LZETP when VLEFG=1
      ***    Examples for hardwood forest, bare soil, and grass land.
      ***    Evergreen forest should have all months at least 0.10.
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC ***
    1    2  .02  .02  .07  .16  .21  .30  .32  .32  .27  .16  .07  .02
    3    4  .02  .02  .10  .25  .35  .45  .50  .50  .40  .25  .10  .02
    5    6  .02  .02  .10  .25  .35  .45  .45  .45  .45  .30  .10  .02
*** hardwood.02  .02  .10  .25  .35  .45  .50  .50  .40  .25  .10  .02
*** baresoil.02  .02  .03  .04  .04  .04  .04  .04  .04  .03  .02  .02
*** grasslnd.02  .02  .07  .16  .21  .30  .32  .32  .27  .16  .07  .02
  END MON-LZETPARM

  MON-UZSN
    #THRU#  JAN  FEB  MAR  APR  MAY JUNE JULY  AUG SEPT  OCT  NOV  DEC  ***
    1    6  3.2  1.7  2.3  1.7  1.5  0.9  0.9  1.2  3.2  4.6  4.5  4.0

  END MON-UZSN
    
END PERLND

IMPLND
  ACTIVITY
    <ILS >     ACTIVE SECTIONS           ***
    # -  # ATMP SNOW IWAT  SLD  IWG IQAL ***
    1    2   0    0    1    0     0   0
  END ACTIVITY
  PRINT-INFO
    <ILS >   ***   PRINT  FLAGS   ***
    # -  # ATMP SNOW IWAT  SLD  IWG  IQAL ***
    1    2             4
  END PRINT-INFO

  GEN-INFO
    #THRU#<-----NAME---------><----UNITS----> ENGL METR  ***
    1    2    Impervious          1    1    1    2    0

  END GEN-INFO
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  IWAT-PARM1
    <ILS >         FLAGS               ***
    # -  # CSNO RTOP  VRS  VNN RTLI    ***
    1    2   0     1    1    0    0
  END IWAT-PARM1

  IWAT-PARM2
    <ILS >                                          ***
    # -  #      LSUR     SLSUR      NSUR      RETSC ***
    1    2      400       0.02      .013       0.10
  END IWAT-PARM2
  IWAT-PARM3
    <ILS >                            ***
    # -  #    PETMAX    PETMIN        ***
    1    2       40       35
  END IWAT-PARM3

  MON-RETN
    <ILS >  Retention storage capacity at start of each month ***
    # -  #  JAN  FEB  MAR  APR  MAY  JUN  JUL  AUG  SEP  OCT  NOV  DEC ***
    1    2  .10  .10  .10  .10  .10  .10  .20  .20  .20  .20  .20  .10
  END MON-RETN

  IWAT-STATE1
    <ILS >   IWATER STATE VARIABLES  ***
    # -  #      RETS      SURS       ***
    1    2     0.001     0.001
  END IWAT-STATE1
END IMPLND

COPY
  TIMESERIES
  Copy-opn                                                      ***
    # -  #  NPT  NMN                                            ***
    1        0     1
    2        0     1
    3        0     1
    4        1     0
    5        1     0
    6        1     0
    7        0     1
    8        0     1
    9        0     1

  END TIMESERIES
END COPY
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EXT SOURCES
      *** note: a multiplier is used on potential ET so the annual PET
      ***       will be equivalent to lake evaporation for the location
<-Volume-> <Member> SsysSgap<--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name> dsn <Name> # tem strg<-factor->strg <Name>   #   #        <Name> # #  ***
WDM     46 EVAP     ENGL                   PERLND   1  10 EXTNL  PETINP
WDM     46 EVAP     ENGL                   IMPLND   1   2 EXTNL  PETINP
WDM    205 PREC     ENGL                   PERLND   1     EXTNL  PREC
WDM    205 PREC     ENGL                   PERLND   3     EXTNL  PREC
WDM    205 PREC     ENGL                   PERLND   5     EXTNL  PREC
WDM    205 PREC     ENGL                   PERLND   7     EXTNL  PREC
WDM    205 PREC     ENGL                   PERLND   9     EXTNL  PREC
WDM    205 PREC     ENGL                   IMPLND   1     EXTNL  PREC
WDM    204 PREC     ENGL                   PERLND   2     EXTNL  PREC
WDM    204 PREC     ENGL                   PERLND   4     EXTNL  PREC
WDM    204 PREC     ENGL                   PERLND   6     EXTNL  PREC
WDM    204 PREC     ENGL                   PERLND   8     EXTNL  PREC
WDM    204 PREC     ENGL                   PERLND  10     EXTNL  PREC
WDM    204 PREC     ENGL                   IMPLND   2     EXTNL  PREC
END EXT SOURCES

NETWORK
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Target vols> <-Grp> <-Member->  ***
<Name>   #        <Name> # #<-factor->strg <Name>   #   #        <Name> # #  ***
PERLND   1 PWATER PERO       .3812         COPY     1     INPUT  MEAN   
PERLND   2 PWATER PERO       .2456         COPY     1     INPUT  MEAN   
IMPLND   1 IWATER SURO       .1189         COPY     1     INPUT  MEAN   
PERLND   3 PWATER PERO       .0360         COPY     1     INPUT  MEAN   
PERLND   4 PWATER PERO       .1382         COPY     1     INPUT  MEAN   
PERLND   5 PWATER PERO       .0176         COPY     1     INPUT  MEAN   
PERLND   6 PWATER PERO       .0098         COPY     1     INPUT  MEAN   
IMPLND   2 IWATER SURO       .0527         COPY     1     INPUT  MEAN   

PERLND   1 PWATER TAET       .3812         COPY     2     INPUT  MEAN   
PERLND   2 PWATER TAET       .2456         COPY     2     INPUT  MEAN   
IMPLND   1 IWATER IMPEV      .1189         COPY     2     INPUT  MEAN   
PERLND   3 PWATER TAET       .0360         COPY     2     INPUT  MEAN   
PERLND   4 PWATER TAET       .1382         COPY     2     INPUT  MEAN   
PERLND   5 PWATER TAET       .0176         COPY     2     INPUT  MEAN   
PERLND   6 PWATER TAET       .0098         COPY     2     INPUT  MEAN   
IMPLND   2 IWATER IMPEV      .0527         COPY     2     INPUT  MEAN   

PERLND   1 PWATER PET        .3812         COPY     3     INPUT  MEAN   
PERLND   2 PWATER PET        .2456         COPY     3     INPUT  MEAN   
IMPLND   1 IWATER PET        .1189         COPY     3     INPUT  MEAN   
PERLND   3 PWATER PET        .0360         COPY     3     INPUT  MEAN   
PERLND   4 PWATER PET        .1382         COPY     3     INPUT  MEAN   
PERLND   5 PWATER PET        .0176         COPY     3     INPUT  MEAN   
PERLND   6 PWATER PET        .0098         COPY     3     INPUT  MEAN   
IMPLND   2 IWATER PET        .0527         COPY     3     INPUT  MEAN   

PERLND   1 PWATER UZS        .3812         COPY     4     INPUT  POINT  
PERLND   2 PWATER UZS        .2456         COPY     4     INPUT  POINT  
IMPLND   1 IWATER RETS       .1189         COPY     4     INPUT  POINT  
PERLND   3 PWATER UZS        .0360         COPY     4     INPUT  POINT  
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PERLND   4 PWATER UZS        .1382         COPY     4     INPUT  POINT    
PERLND   5 PWATER UZS        .0176         COPY     4     INPUT  POINT  
PERLND   6 PWATER UZS        .0098         COPY     4     INPUT  POINT  
IMPLND   2 IWATER RETS       .0527         COPY     4     INPUT  POINT  
 
PERLND   1 PWATER LZS        .3812         COPY     5     INPUT  POINT 
PERLND   2 PWATER LZS        .2456         COPY     5     INPUT  POINT  
PERLND   3 PWATER LZS        .0360         COPY     5     INPUT  POINT  
PERLND   4 PWATER LZS        .1382         COPY     5     INPUT  POINT  
PERLND   5 PWATER LZS        .0176         COPY     5     INPUT  POINT  
PERLND   6 PWATER LZS        .0098         COPY     5     INPUT  POINT
 
PERLND   1 PWATER AGWS       .3812         COPY     6     INPUT  POINT
PERLND   2 PWATER AGWS       .2456         COPY     6     INPUT  POINT  
PERLND   3 PWATER AGWS       .0360         COPY     6     INPUT  POINT  
PERLND   4 PWATER AGWS       .1382         COPY     6     INPUT  POINT  
PERLND   5 PWATER AGWS       .0176         COPY     6     INPUT  POINT  
PERLND   6 PWATER AGWS       .0098         COPY     6     INPUT  POINT  

PERLND   1 PWATER AGWO       .3812         COPY     7     INPUT  MEAN   
PERLND   2 PWATER AGWO       .2456         COPY     7     INPUT  MEAN   
PERLND   3 PWATER AGWO       .0360         COPY     7     INPUT  MEAN   
PERLND   4 PWATER AGWO       .1382         COPY     7     INPUT  MEAN   
PERLND   5 PWATER AGWO       .0176         COPY     7     INPUT  MEAN   
PERLND   6 PWATER AGWO       .0098         COPY     7     INPUT  MEAN   

PERLND   1 PWATER IFWO       .3812         COPY     8     INPUT  MEAN   
PERLND   2 PWATER IFWO       .2456         COPY     8     INPUT  MEAN   
PERLND   3 PWATER IFWO       .0360         COPY     8     INPUT  MEAN   
PERLND   4 PWATER IFWO       .1382         COPY     8     INPUT  MEAN   
PERLND   5 PWATER IFWO       .0176         COPY     8     INPUT  MEAN   
PERLND   6 PWATER IFWO       .0098         COPY     8     INPUT  MEAN   

PERLND   1 PWATER SURO       .3812         COPY     9     INPUT  MEAN   
PERLND   2 PWATER SURO       .2456         COPY     9     INPUT  MEAN   
IMPLND   1 IWATER SURO       .1189         COPY     9     INPUT  MEAN   
PERLND   3 PWATER SURO       .0360         COPY     9     INPUT  MEAN   
PERLND   4 PWATER SURO       .1382         COPY     9     INPUT  MEAN   
PERLND   5 PWATER SURO       .0176         COPY     9     INPUT  MEAN   
PERLND   6 PWATER SURO       .0098         COPY     9     INPUT  MEAN   
IMPLND   2 IWATER SURO       .0527         COPY     9     INPUT  MEAN   

COPY     1 OUTPUT MEAN       11853.2       DISPLY   1     INPUT  TIMSER 1
END NETWORK
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EXT TARGETS
<-Volume-> <-Grp> <-Member-><--Mult-->Tran <-Volume-> <Member> Tsys Tgap Amd ***
<Name>   #        <Name> # #<-factor->strg <Name> dsn <Name> #  tem strg strg***
COPY     1 OUTPUT MEAN                     WDM     11 FLOW     ENGL      REPL
COPY     2 OUTPUT MEAN                     WDM     12 TAET     ENGL      REPL
COPY     3 OUTPUT MEAN                     WDM     13 PET      ENGL      REPL
COPY     4 OUTPUT POINT                    WDM     14 UZS      ENGL      REPL
COPY     5 OUTPUT POINT                    WDM     15 LZS      ENGL      REPL
COPY     6 OUTPUT POINT                    WDM     16 AGWS     ENGL      REPL
COPY     7 OUTPUT MEAN                     WDM     17 AGWO     ENGL      REPL
COPY     8 OUTPUT MEAN                     WDM     18 IFWO     ENGL      REPL
COPY     9 OUTPUT MEAN                     WDM     19 SURO     ENGL      REPL 
END EXT TARGETS

END RUN
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