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y = mx + c
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� c is stochastically variable



3

Two-phased M C Analysis

Distribution of 
CDFs due to 
knowledge 
uncertainty

1st set of values for 
knowledge uncertain 
parameter m

n iterations where 
parameter c is varied 

2nd set of values for 
parameter m

n iterations of 
parameter c

CDFs resulting from 
stochastic variability

ith set of values for 
parameter m

n iterations of 
parameter c

P
ro

b
ab

ili
ty

 o
f e

xc
ee

d
an

ce

model output

� � 
� � �� �
 �� � � �� � 
� � � 


$
� � � �%�� �

� � � 
 
 � � � � � � $�7 � � � � 
 � � �

� � 
 
 � �&�� � � �' � 
� � 
 � � �
� � � � � � ) 8 ! 9� � �
� 2� � � � 	� � � ) 0 � � $	� � � � � � � � � � � � � � 
 � � �

� � � � � 	� 

� 2	
 � 	� � � � 
 � 	� " � 	� � � � (� � � (� � � �� � � �	(� � �

� � 	� � � 	� �#	� �� � 	� � 
 � ) : ; ; 9
� � � � 2� � � � " �� � 	� � � . � " � 	�� �   8
� � � 	� � � � � � � � � � � 
 � � (� (� � � �� � � �	(� � � 	� � � � 	(	� � �

	� � � � � 2� . � 	� � � � � �� � � 	� � � � (� (� � � 
 �&� � � � � � �� �
� � � 
 � � � � � � � � � � � � � � � ((� (� � � � " � 
 � � � � �%� � � � �
� � � 5	� � � � � 	� � �
 � � � (� � � � �

� � � � ��� � �� � 
 
 � �&�� � �

� 1 � � &� � � � (� � � &%� � � � 
 � � � 
 . <
� � � " � 
 � � (� �� � � � 
 � 
 . !

$� �� 	 
� � �( � � � � �� � �	 �) � � � � � 
� � 

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


� =1 +=2� �*	� � � >� � � � � � � � �
=� (	�� � � � 	� � � � � � � � � 	� ?� � ,

� @� � %�� � � � �6 � � � � � � 	� �
� � � � � � � � � 


� 2A� 1 � . 2� %� � �5� � � � � � � 	� � ��

 � 	�� � � 	
 � � � � � 
 � � � � � � � *	� ,

� � 4 7 0 � � ) 4 � � � � � %� � � � �
0 � � � 
 
 	� � �0 � � �

� � � � � +0 � . � � � � (� � � � 	� � � � (�
	� (	�� � � � 	� � � �� 
 � � � � � � � � " �
� ' � 	(� � 


0

200

400

600

800

1000

1200

3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 8 More

LZSN-Forest

F
re

q
u

e
n

c
y

0

200

400

600

800

1000

1200

1400

1600

1800

2000

0.
03

0.
05

0.
07

0.
09

0.
11

0.
13

0.
15

0.
17

0.
19

0.
21

0.
23

0.
25

M
or

e

INFILT-Forest

F
re

q
u

en
cy



4

$� �� 	 
� � �( � � �� �� � � �! � � ��
� �) � � � � � 
� � 

� @� � %�� � � � �6 � � � � � � 	� � � � � � � � � � � 
 B

� � � � � � � � . � #� " � � � � � 
 " 	� � � 	� � &� � � 	" � � 	� � �#� � � � � � 	� � � � 
 �
� � � 	#� � � � � � � � %� � � � � � � � � � 
 � 
 � � � � � &� �

� � 4 7 � � � � . +� � � � 	� � � � (� � � � � �� 
 � � � � � � � � � � � � 	
 � 
 � &C� � � � � � �
� 	� � � � � � #� " � � � � 	� � � (� � � � � � � � � � %� � � � � 
 � � � � � �

� =0 � � . =� � � � (�� %� � � � � 
 
 	� � � � � � ((	� 	� � �
� =1 � +7 � . � � � ((	� 	� � � � � � � � � � � � � � � 	� � 
 � � � � � � � � � � � � � (�

%� � � � �%� 	� � � � � � � � 
 � � � � � � � � � � � � (� � � � 
 � � (� � � � � � � � � � 	� � �
� � � �&� � � � � 
 � 	� � � � (�� %


� 6 A� 1 � . 1 � � 	� � �� � " " � � �5� � � � 
 � 	�� � � 	
 � � � � � 
 � � � � � � �
*	� � � � 
 ,

� � � � � � � . =� � � � � � " � 	� � � � � � � � � � � � � " � � 	� � � *	� � � � 
 ,
� 2A� � � � . =� � � >� � � � �� %� � �5� � � � � #� " � � � � � 
 " 	� � � 	� �

$� �� 	 
� � �' � 
� � �! � � ��
� �) � � � � � 
� � 

� � � � 6 � ) � � 0 21 � � .

� � � � � � �� � 	� � � � (�+� � � � �
" � � #	� � 
 � �� � � � " � � � � � � � *� (�
?� � � ,

� � D/ 2=� ) � � 021 � � . � � >	� � � �
� � � � � � �� � 	� � � � (�+� � � � �
" � � #	� � 
 � �� � � � " � � � � � �

� � D/ 2=� �+� � � � � � . � � (� � � � � �
� � �� 	" �	� � � � � � � � � 6 � ) � � 021 � �
� � � � &� � 	� � � D/ 2=� 0

200

400

600

800

1000

1200

1400

1600

1800

2000

9 9.2 9.4 9.6 9.8 10 10.2 10.4 10.6 10.8 11 More

Log(ACCUM-Forest)

F
re

q
u
en

cy

� 7 � D/ � ) � � 021 � � . 0 � � � � � (� 
 � � (� � � � � � � � ((� � � � � �%	��� � � � � #� �
;  E � � (� 
 � � � � � �&� � � � � 	� � (� � � � " � � #	� � 
 � �� � � � 
 � � (� � �

� +� � � � � � . +	� 
 � � � � � � � � � � � � � � � � � � � � (�&� � � � � 	� � *: ?� � � ,

� � 	� � � � � � � " � 
 	� � � 	� � � 
 � � 	� 
 � . - � � � �� � � 	� � � 
 � � 	� 
 � � (� � � � �
� � " � 
 	� � � (�+� � 	� �%� � � � &� � 	� 
 &� � � � � � �� � �%	�� �	(� � � 
 � � � 	� � � �
" 	" � 
 � � � � � " � � � 	� � � � � 
 � � � � � 


� � � �� 	" �	� � � 	� � � (� � � � �

$� �� 	 
� � �' � 
� � �! � � ��
� �) � � � � � 
� � 

� * � +, � � 
 � �� � � 
� �&� ��� �$�� � �� 
�� � �* �
� �
( $) -
� � � � � � ��%� 
 � � � #� �� " � � � 	� � � 	� � � 
 � (� F � 	
 � � �� � � 
 	� � � � �

� � � � � � � � �%� ) " � � 
 � � � � � � � � � � � �� � 
 	� � �� � 	� � �%	� � �
- � � +


� G  �=� � � � � 	� � 
 � � (�$� � %�� � � � � � � � � � � � 	� �
" � � � � � � � � 
 � � � � �8 � 	� � � � � 	� � 
 � (� � � 
 � � � � � 
 � 	� �

 	� � �� � 	� � �%� 
 �" � � (� � � � � � (� � � �%� � � 	((� � � � � � � � � 2�
� ��� � � � 	� � � 
 � � � � � 	� 
 


� +� %� � � 	� � � � � 	� � 
 �%� � � � " � � (� � � � � � (� � � � � � � � �� � 	� �
� � �	&� � � 	� � � � � � �#� �	� � � 	� � � � � � � �%� � � � � ' � � �	� � �
� � �	&� � � 	� � 


( � � � � �� � �	 �&� ��� � � 
�� � �� � � �. � ��� � 
�� �
� � � � � � � � � � � � � � � � � �� � 	� � � � �	&� � � 	� � � � � � �#� �	� � � 	� � � �

� � � � �� (�� %�#� �� � � � (� � � � � � � � � � � �%� 
 � � #� � � � � � � � #� � � � ���
� � � � 
 	� � �� � 	� � 
 � � � � � 
 � #� � � �� � � �	&� � � 	� � � 
 � ((	� 	� � � � �

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


12.3-9.9±50Summer storm volume error

22.610.8±30Seasonal volume error

14.76.6±20Storm peaks

-6.33.4±1510% Highest flows

6.3-4.2±1050% Lowest flows

0.3-1.1±10Total Volume

Calculated percent 
error  for  validation 

time per iod

Calculated percent 
errors for  calibration 

time per iod

Default cr iter ia for  
percent error

Calibration Sufficiency 
Statistics

' � 
� � �! � � ��
� �&� ��� � � 
�� �

1

10

100

1000

10000

100000

9/1/1998 3/20/1999 10/6/1999 4/23/2000 11/9/2000 5/28/2001 12/14/2001

Dates

B
ac

te
ri

a 
C

o
n

ce
n

tr
at

io
n

 (
cf

u
/1

00
 m

l)

Observed Values
Average of Average Fecal Coliform Concentrations
Maximum of Maximum Fecal Coliform Concentrations
Minimum of Minimum Fecal Coliform Concentrations

� 7 � � � � � ' � � �	� � � � � �	&� � � 	� � �%� 
 � � � � � � � � � � � (� � � � �
" � � 	� � � � (� � � � � � � � � � � 
 




5

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

� =� ) 
 � � � � � � (� � � �� � � �	(� � � � � � � � � � � � � 	� � � 	� � � � 
 
 � �

� � � � $�%� 
 � 
 	� � �� � � � � (� � � � � " � � 	� � � � � � � � � � � � � � � � � � �
� � � � 
 � � � � � � � �%� � � � � 2� " � ��� � � � � � � ��� � � � 	� � �

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


9510001009895942

95100301009890991

Required Fecal Colifor m load reductions in %  to meet E. Coli Standards

� ��� � � 
 	� � � � 	� ��
" � � #	� � 
 � �� � � �

 � � � � � � 


� � � � 	� � � �
� 	" � 


7 	�� �	(� �
� 	� � � � �
� � " � 
 	�

2� � (	� � �
2� �

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

� � � � � � 	� �
1 � � &� �

/ � 
 � �



%��� 	 � 
�� � �$	 � � � � �� �0

10

1000

9/1/1998 3/20/1999 10/6/1999 4/23/2000 11/9/2000 5/28/2001 12/14/2001

Dates

F
ec

al
 C

o
lif

o
rm

 C
o

n
ce

n
tr

at
io

n
 (

cf
u

/1
00

m
l)

10

1000

9/1/1998 3/20/1999 10/6/1999 4/23/2000 11/9/2000 5/28/2001 12/14/2001

Dates

F
ec

al
 C

o
lif

o
rm

 C
o

n
ce

n
tr

at
io

n
 (

cf
u

/1
00

m
l)

� #� � � � � � � 	� � � � � � 	� 


%��� 	 � 
�� � �$	 � � � � �� �0

10

1000

9/1/1998 3/20/1999 10/6/1999 4/23/2000 11/9/2000 5/28/2001 12/14/2001

Dates

F
ec

al
 C

o
lif

o
rm

 C
o

n
ce

n
tr

at
io

n
 (

cf
u

/1
00

m
l)

< E � � � � (	� � � � � �=� � � � #� �

%��� 	 � 
�� � �$	 � � � � �� �0

10

1000

9/1/1998 3/20/1999 10/6/1999 4/23/2000 11/9/2000 5/28/2001 12/14/2001

Dates

F
ec

al
 C

o
lif

o
rm

 C
o

n
ce

n
tr

at
io

n
 (

cf
u

/1
00

m
l)

; HE � � � � (	� � � � � �=� � � � #� �

%��� 	 � 
�� � �$	 � � � � �� �0



6

%��� 	 � 
�� � �$	 � � � � �� �1

� #� � � � � � � 	� � � � � � 	� 

10

1000

9/1/1998 3/20/1999 10/6/1999 4/23/2000 11/9/2000 5/28/2001 12/14/2001

Dates

F
ec

al
 C

o
lif

o
rm

 C
o

n
ce

n
tr

at
io

n
 (

cf
u

/1
00

m
l

10

1000

9/1/1998 3/20/1999 10/6/1999 4/23/2000 11/9/2000 5/28/2001 12/14/2001

Dates

F
ec

al
 C

o
lif

o
rm

 C
o

n
ce

n
tr

at
io

n
 (

cf
u

/1
00

m
l

%��� 	 � 
�� � �$	 � � � � �� �1

< E � � � � (	� � � � � �=� � � � #� �

10

1000

9/1/1998 3/20/1999 10/6/1999 4/23/2000 11/9/2000 5/28/2001 12/14/2001

Dates

F
ec

al
 C

o
lif

o
rm

 C
o

n
ce

n
tr

at
io

n
 (

cf
u

/1
00

m
l

%��� 	 � 
�� � �$	 � � � � �� �1

; HE � � � � (	� � � � � �=� � � � #� �

&� - 
 ���� 
 
� � 
�� � �� � � � � ���� � 	 � � 
� �� 
� �"� � �
� ��� 	 � 
�� � �
 	 � � � � �� �0

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200 250 300 350 400 450 500

Fecal Coliform concentrations at watershed outlet

P
ro

b
ab

ili
ty

&� - 
 ���� 
 
� � 
�� � �� � � � � ���� � 	 � � 
� �� 
� �"� � �
� ��� 	 � 
�� � �
 	 � � � � �� �1

0

0.2

0.4

0.6

0.8

1

0 50 100 150 200 250 300 350 400 450 500

Fecal Coliform Concentrations at Watershed Outlet

P
ro

b
ab

ili
ty

&� � � �� 
�� � �� �
 
� �� � 
�� � �- � � 	 
�� � ��&� - ��"� ��
�� 
 
� � 
� � � � � 
 �* � 
� � � � � ��
� �
 
� � � � � � �� �� �� 
�� � 


� � � � � �@� � %�� � � � � 6 � � � � � � 	� � 
 	� � �� � 	� � � � � 
 � � � � 8 � 
 � � � � � 
 � 	� �

 	� � �� � 	� � 


� � � � � " � � &� &	�	� 	� 
 � � (� � 	((� � � � � � � � � � � 
 � � (� 	� 
 � � � � � � � � � 
 �%� � � � �
' � � �	� � � 
 � � � � � � � �#	� �� � 	� � 
 � (� � � (� � � �� � � �	(� � � %� � � � " �� � � � � � � 
 �
� � � � �� � 	#� � � 	
 � � 	&� � 	� � �+� � � � 	� � � � (� � � � � � � �$� � %�� � � � �
� � � � � � � 	� � 
 	� � �� � 	� � 


0 1 2 5 10 15
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Incidences of single-sample Fecal Coliform criterion violations

P
ro

ba
bi

lit
y



7

0 1 2 5 10 15 20 25 30 35 40
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Incidences of single-sample Fecal Coliform criterion violations

P
ro

b
ab

ili
ty

0 1 2 5 10 15 20 25 30 35 40
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Incidences of single-sample Fecal Coliform criterion violations

P
ro

b
ab

ili
ty

&� - 
 � "�	 � � � 

 �� "��� 
 
� � 
� � � � � 
 �� �� �� 
�� � �
	 � �
� � �� �"� � �%��� 	 � 
�� � �$	 � � � � �� �0

0 1 2 5 10 15 20 25 30 35 40 50 60 80 100 120 140 160 180 200 220 240 260 280 300
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Incidences of single-sample Fecal Coliform criterion violations

P
ro

b
ab

ili
ty

&� - 
 � "�	 � � � 

 �� "��� 
 
� � 
� � � � � 
 �� �� �� 
�� � �
	 � �
� � �� �"� � �%��� 	 � 
�� � �$	 � � � � �� �1

0 1 2 5 10 15 20 25 30 35 40 50 60 80 100 120 140 160 180 200 220 240 260 280 300
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Incidences of single-sample Fecal Coliform criterion violations

P
ro

b
ab

ili
ty

# � 	 � � 
� �� 
� ��� �. �� �� 
�� � �2� 	 �� � � 	 � 

� +� � � � � 
 � � � � � � � ��� � � � 	� � � " � � 	� � � � (� : � : <� � � � 
 � � � � � �

� � � � � � � (�#	� �� � 	� � � 	� � 	� � � � � 
 B

2238(2,15)(1,18)91

29282(5,26)(2,95)102

� � >	� � � � � � � � � � � (�
#	� �� � 	� � 
 � (� � � � � � � � � � �
� � +� � � � � � � � 
 � � � � � 
 � 	� �
#� � 	� &	�	� �

� � >	� � � � � � � � � �
� (�#	� �� � 	� � 
 � � � � �
� � � � #� � � ���
� � � � � � � 	� � �

< E �
� � � (	� � � � � �
=� � � � #� ��
*� � � 
 ,

; HE �
� � � (	� � � � � �
	� � � � #� ��
*� � � 
 ,

1 � � &� � � � (�
#	� �� � 	� � 
 �&� �
� #� � � � � � � 	� � �

 � � 	� 
 � *� � � 
 ,

� ��� � � � 	� � �
� � � � � � 	�

9510001009895942

95100301009890991

Required Fecal Colifor m load reductions in %  to meet E. Coli Standards

� ��� � � 
 	� � � � 	� ��
" � � #	� � 
 � �� � � �

 � � � � � � 


� � � � 	� � � �
� 	" � 


7 	�� �	(� �
� 	� � � � �
� � " � 
 	�

2� � (	� � �
2� �

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

� � � � � � 	� �
1 � � &� �

� � � � � � #� � � ��� � � � � � � � 	� � � � 	� � � � � � �� � � � " � � � 
 � � %� � � � � � � �
� � � � 
 	� � �� ) 
 � � " �� �+� � � � 	� � � 	� � � � � � �� �&� �#	� �� � � � � � 
 �
� � � � � � 
 � � GE � � (� � � � � � 	� � � (� � � � � � � ��� � � � 	� � � 
 � � � � � 	� �
� � � � � � � � � 
 � � � � � 	� 
 � � � � � � � � � 
 �%� � � � � ' � � �	� � �

 � � � � � � � 


� � �HE � 	� � � � � 
 � � 	� � � � � � �� � � 	� � � � � � � " � 
 	� � 	� � � � � 
 � � � � � � �
� � � � � �&� � � � � � (� ; HE � � � � (	� � � � � � 	� � � � #� �� � (�%� � � � �
' � � �	� � � 
 � � � � � � � �#	� �� � 	� � 
 �&� � � � � � � � � � � � (	#� � � 	� � 
 


� � � � � �� � � 	� � � � � � � " � 
 	� 
 � � � � � 
 	� � 	(	� � � � � 
 � � � � � � � (�
$� � %�� � � � � � � � � � � � 	� � � � 	� � 	� ) 
 � � � � � �+� �
� � � � � � � � � � 	� � 
 � � � �%� � � � 
 � � � � � � � �� � � (� � � � � 
 
 � � � � � � $


&� � 	 �� 
 �� � 


2� , ��	 � 
�� � 

� � � � � � � 
 � � � � � � � � � � � 
 � � � � 
 � � � � � � � � � � (� � �

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


� 6 � � � � � � 	� � � � � � � �� 
 	
 �" � � #	� � 
 � 	� " � � � � � � �
	� (� � � � � 	� � � � &� � � � � � � (	� � � � � � 	� � � � � 	� #	� � �%� � � � �
' � � �	� � � 
 � � � � � � � 


� � � 	
 � 	� (� � � � � 	� � � � � � �&� � � 
 � � � 	� �" � 	� � 	� 	5	� � � � � � �
� ��� � � � 	� � � 
 � � � � � 	� 
 �&� 
 � � � � � � � � � � � � � 	� � � � (� �� #� ��
� (� � � � (	� � � � � � 	� � � � � � �	� � � � � 
 � �� 
 
 �

! � � 
 
�� � 
3


