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Presenter
Presentation Notes
The land surface process represents this part of the water balance diagram
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Presenter
Presentation Notes
IWFM – Logically separate the water flow system into four parts:
	Groundwater flow system
	Surface water flow system
	Land surface process
	Small-stream watersheds
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Presenter
Presentation Notes
Water flows through the land surface process:
Precipitation, runoff, infiltration
Surface water linkages: diversions, return flows
Groundwater linkages: deep percolation, pumping
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Precipitation and irrigation less
direct runoff and return flow is
the inflow into root zone

Deep percolation from root zone
is the inflow into unsaturated
zone

Net deep percolation from
unsaturated zone is the recharge
to groundwater

4 land-use types considered:
« agricultural, urban, native
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Presenter
Presentation Notes
The Land Surface Process calculates a water balance between 
inputs (precipitation, surface water diversions, groundwater pumping)
Outputs (evapotranspiration, runoff, return flow, deep percolation)

Downward flow through the unsaturated zone to the water table
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"/ Land Surface & Root Zone Processes

¢ Governing conservation equation for the root zone:

ot+1=pt + [P—SrJ+{AW—Rf]—ETcadj—Dp At
" Where 0, =soil moisture, (L);
P = precipitation, (L/T);
S, = surface runoff from precipitation, (L/T);
A, = applied water, (L/T);
B, R = return flow of applied water, (L/T);

ET..qi = adjusted evapotranspiration, (L/T);



Presenter
Presentation Notes
The land surface and root zone water budget is represented by this equation
Change in root-zone storage over a time step is a function of these inflows and outflows.
Generally the inflows are defined (other than groundwater pumping)


C2VSim Land Surface Process

~ o 21 Subregions

— Annual crop acreages

— Monthly evapotranspiration rates

— Monthly urban demand

— Monthly surface water diversions (Ag & Urban)
— Monthly groundwater pumping (Ag & Urban)
— Regional water re-use factors

| " * 1392 Elements
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Presentation Notes
C2VSim input data sets for the land surface process


C2VSim Land Surface Process

Input Files:
— Precipitation
— Land Use
— Evapotranspiration Rates
— Agricultural Crop Acreage
"\ — Agricultural Crop Demands
a0E — Urban Demands
- — Urban Specification
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Presentation Notes
Input files for the land surface process
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Presenter
Presentation Notes
Some animations showing the order the flows are accounted for.
The problem is to take flows that occur at varying rates through the month,
and account for them over a monthly time step
So some generalizations and approximations are made



© Step 1: Compute rainfall runoff and infiltration of precipitation

* Modified SCS Curve Number method (retention parameter, S,
decreases as moisture goes above half of field capacity)

Runoff

Infiltration




-/ Land Surface & Root Zone Processes

Infiltratio




"/ Land Surface & Root Zone Processes

~ Step 3: Compute evapotranspiration (FAO Paper 56, 1998)

« Same as potential ET when moisture is at or above half of field
capacity

» Decreases linearly when moisture is below half of field capacity

ETcadj




~ Step 4: Compute deep percolation if moisture is above field capacity
Expressed using one of the methods below specified by user
« A fraction of moisture that is above field capacity
» Physically-based method using hydraulic conductivity;




Return Flow
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Moisture Parameters

R IO TTTTT TN

C PARBMETERS FCOR S5C0IL MOISTURE RCUTING
C
Hydrologic Soil Group C The following lists the =o0il moisture and hydrologic properties for each hydrologic soil group
B 100-125 c
) c
Bl 25150 -
. l:l 150 -1.75 C FUSAGE: Flag that specifies how the wvalue entered for wvariable K will be interpreted. Enter
‘., | 51_;5.z_uu C 0 : Values listed for K are the fraction of excess s0il moisture that will become d
'__'?00_775 c 1 : Values listed for K are saturated hydraulic conductivity of soil
. c FACT:; Conversion factor for root zone hydraulic conductivity - It i=s used to convert only th
225250 c TUNIT:; Time unit of hydraulic conductiwvity. This should be one of the units recognized by HE
| 250 -275 C * Note: If KUSAGE = 0, enter anything
[ 275 -300 c
I 300 -325 c
C VALUE DESCRIPTICH
B 225 -350 -
Bl 350375 0 / KUSAGE
a0 1.0 / FACT
1mon / TUNIT
C
C
C IREGH; Subregion number
C FC H Field capacity; [L/L]
C EF H Total porosity; [L/L]
c K H Hydraulic conductivity of the root zone; [L/T]
C CH H Curve number depending on the land use type:
c 1-Agricultural ; 2-Urban ; 3-Native weg. ; 4-Riparian veq.
C (Reference: USDR, 1985)
C
C
C S5CIL GRCUP & 5C0IL GRCUP B
CJ IREGH
C CH BY LA&AND CH BY L&AND
C FC EF K FC EF K
C 1 2 3 4 1 2 3 4
C

1 0.067 0.477 1.000 T8.0 83.0 81.0 81.0 0.473 0.48 0.014 84.0 86.0 84.0 84.0

g g g g g g g 0.110 0.481 1.000 86.0 B87.0 86.0 86.0
3 0.11% 0.438 0.620 83.0 86.0 ©&84.0 84.0 0.033 0.471 0.632 86.0 B87.0 86.0 B86.0
4 0.121 0.428 1.000 83.0 B86.0 &84.0 84.0 0.286 0.473 0.857 86.0 B87.0 86.0 86.0
5 0.1%4 0.440 0.764 83.0 B85.0 ©&4.0 84.0 0.380 0.3%0 0.050 86.0 B87.0 86.0 86.0
[ 0.l164 0.425% 1.000 83.0 86.0 &84.0 84.0 0.040 0.400 0.654 86.0 B87.0 86.0 86.0
7 0.045 0.440 0.938 83.0 B85.0 ©&84.0 84.0 0.178 0.480 0.9%80 86.0 B87.0 86.0 86.0
&8 0.048 0.438 0.96% 83.0 86.0 &84.0 84.0 0.010 0.456 0.817 86.0 B87.0 86.0 B86.0
a 0.010 0.444 0.9%2 86.0 B87.0 86.0 84.0 0.010 0.462 0.9%31 87.0 S0.0 89.0 84.0
10 0.037 0.438 0.947 87.0 S0.0 8%.0 8%.0 0.018 0.481 0.68% S0.0 S2.0 S0.0 S0.0
11 0.080 0.43% 0.984 86.0 B87.0 86.0 86.0 0.180 0.45% 0.234 87.0 S0.0 89.0 8%5.0
1z 0.352 0.422 1.000 86.0 B89%.0 &86.0 B86.0 0.457 0.500 0.336 £8%.0 981.0 S0.0 S0.0
13 0.124 0.451 1.000 86.0 89%.0 &86.0 86.0 0.200 0.257 0.031 8%.0 981.0 S0.0 S0.0
14 0.081 0.440 1.000 8%.0 S81.0 90.0 S0.0 0.088 0.481 0.252 981.0 983.0 Sz2.0 8z2.0
15 0.108 0.440 0.%76 89%.0 981.0 90.0 S0.0 0.177 0.480 0.125 981.0 83.0 S2.0 8z2.0
lg 0.085 0.435 1.000 86.0 B8%.0 &86.0 B86.0 0.241 0.450 0.123 8%.0 981.0 S0.0 S0.0


Presenter
Presentation Notes
Soil parameters are specified for each soil group (A, B, C, D) in each subregion
Curve numbers are specified for each land use type (Ag, Urban, Native, Riparian) within each soil group


C2VSim Land Use File

C ITLN ; Time

C IE H Element number

C  ALAND; Area (or fraction of area) corresponding to each land use type

C over an element; [LA2] or [L/L]

C

e e e e e e e

C ALAND

C | e e s s s e m e e e e s e e e e ——— e e e e

C ITLN IE Agricultural Urban Native veg Riparian wveg.

e e e e e e e

@9/30/1922_24:00 1 812.39 956.00 3874.25 8.00
2 @.08 a.ea 5625.63 8.00
3 @.08 a.ea 12265.58 8.00
4 @.08 a.ea 44721 .92 8.00
5 @.08 a.ea 5855.80 8.00
6 @.08 a.ea 6928 .58 8.00
7 1397.53 a.ea 7923.39 8.00
8 1647.31 a.ea 5281.87 8.00
9 @.08 a.ea B8373.83 8.00
18 @.08 a.ea 11541.16 8.00
11 @.08 a.ea B8469.64 8.00
12 264.51 a.ea 7137.77 8.00
13 1044 .74 a.ea 2182.55 8.00
14 594.78 a.ea 1863.60 8.00
15 @.08 a.ea 6973.75 8.00
16 @.08 a.ea B585.76 8.00
17 @.08 a.ea 9435.92 8.00
18 @.08 a.ea 9pEE.77 8.00
19 992.13 a.ea 8331.E88 8.00
20 2829.88 a.ea 5748 .34 8.00
21 136.9@ a.ea 4985.11 8.00
22 @.08 a.ea 2461.97 8.00
23 @.08 a.ea 7223.77 8.00
24 @.08 a.ea 2689 .48 8.00
25 93.29 a.ea 6549.508 8.00
26 1985.93 a.ea 4354 .26 8.00
27 2717.61 B.ae 7@35.87 8.89



Presenter
Presentation Notes
Land use is specified annually for each element
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C2VSim Crop Acreage File

PA
AL
SB
FI
RI
TR
TO
TH
™
OR
(c]
VI
co
SO

PASTURE

ALFALFA

SUGAR BEET

FIELD CROPS

RICE

TRUCK CROPS

TOMATO

TOMATO (HAND PICKED)
TOMATO (MACHINE PICKED)
ORCHARD

GRAINS

VINEYARD

COTTON

CITRUS & OLIVES

URBAN

NATIVE VEGETATION
RIPARIAN VEGETATION

=

c

C ITCR IR  ACROP(1) ACRCE(2) ACROP(3) . LCROP(15) ACROP(16) ACROP(17)

lot

09/30/1922 24:00 1 12692 765 0 393 0 135 0
s 44@\) LI1IUW o ALY o mJU o
3 22400 8600 0 6200 40000 3400 0
4 5100 2600 0 31200 22000 3600 0
5 27200 15200 600 11400 31800 4400 0
& 6200 5300 600 3400 6000 3300 0
7 19800 5200 1200 8600 1200 2700 0
g 40000 7800 500 10300 3100 3500 0
2 23200 40100 19500 79200 2200 121500 0
10 8937 44348 1012 51482 5844 15605 0
11 25709 11311 163 27674 3708 4400 0
12 12672 16298 33 39301 22 3217 0
13 31282 61743 794 35543 5826 6980 0
14 741 27419 3281 56059 637 11196 0
15 13456 294550 2300 77785 1890 1056 0
16 16286 3140 26 11873 0 1564 0
17 3604 7972 285 12821 0 2208 0
18 21473 54838 220 84272 1869 2256 0
19 2621 43917 1634 30845 223 3960 0
20 643 11943 120 8537 1 2272 0
21 4376 42223 1233 23837 381 15484 0

09/30/1925_24:00 1 12692 765 0 393 0 135 0
2 22300 10900 0 2700 0 500 0
3 22400 8600 0 6200 40000 3400 0
4 5200 2600 0 32600 22000 3700 0
5 27600 15200 700 11600 31800 4400 0
& 6600 5700 600 3600 7000 4300 0
7 20500 5300 1200 8800 1200 2800 0
g 41800 8100 600 10800 3200 3700 0
2 24000 40100 20200 280700 2200 109100 0
10 3016 44780 1012 50646 5427 16278 0
11 25236 11421 163 27225 3443 4530 0
12 12784 16457 33 32663 20 3355 0
13 32264 62343 794 34966 5410 7281 0
14 T44 27550 3281 56279 637 11224 0
15 13514 25003 2300 78090 1890 1059 0
16 17059 9183 26 11919 0 1568 0
17 9645 8010 285 12872 0 2214 0
18 21565 55101 220 84603 1869 2262 0
19 2633 44127 1634 30266 223 3370 0
20 646 12000 120 8571 1 2278 0
21 4395 42426 1233 23931 381 15523 0

09/30/1924 24:00 1 12692 765 0 393 0 135 0
2 21200 10700 0 2600 0 500 0
3 25200 3300 0 7100 31000 3300 0
4 4700 2400 0 29400 23000 3300 0
5 29300 16200 700 12300 25200 4800 0
& 7100 6100 700 3300 7000 4500 0
7 21500 5700 1300 9300 800 2900 0


Presenter
Presentation Notes
Crop acreages are specified annually for each subregion
C2VSim divides agricultural land use into 14 crop types, followed by the three other land use types


C2VSim Precipitation File

C  Time

10/31/1921_24:
11/30/1921_24:
12/31/1921_24:
01/31/1922_24:
02/28/1922_24:
B3/31/1922_24:
B4/30/1922_24:
B5/31/1922_24:
06/30,1922_24:
@7/31/1922_24:
BB/31/1922_24:
09/30,1922_24:
10/31/1922_24:
11/30/1922_24:
12/31/1922_24:
81/31/1923_24:
02/28/1923_24:
B3/31/1923_24:
B4/30,1923_24:
B5/31/1923_24:
06/30,1923_24:
@87/31/1923_24:
BE/31/1923_24:
09/30,1923_24:
18/31/1923_24:
11/30/1923_24:
12/31/1923_24:
01/31/1924_24:
B2/29/1924_24:
03/31/1924_24:
B4/30,1924_24:
B5/31/1924_24:
06/30,1924_24:
@87/31/1924_24:
BE/31/1924_24:
02/30,1924_24:

ae
ae
(5]5]
ae
ae
ae
ae
ae
(5]5]
ae
ae
ae
ae
ae
(5]5]
a6
ae
ae
ae
ae
(5]5]
a6
ae
ae
ae
ae
(5]5]
a6
ae
ae
ae
ae
(5]5]
a6
ae
ae

S S 9 8 5 K & WK S FEMNSSMNE 00 R0 WWE S0 SN S S W

.34

.15
.32
.61
.33

.28
.71
.08
.08
.08

.54

.06
.14
.57
.06
.73
.83
.08
12
.99
.59
.79
.08
.81
.89

ERRHR

.28

2 e e e e &8s WNE RN NS OE RS0 W WE S e NE S N0 W N

RPHRERIBERELI

ERILERBERLEBEBRNREEN

.12
.95
.81

EEH S 9 8 5 KWWK S RN S RS0 00w WS S8 &N S ] W W

.32
.59
.86
.62
.98
.31
.02
.18
.67
.0a
.0a
.0a
.39
.74
.63
.82
.14
.61
.12
.7l
.94
.0a
.13
.93
.59
.82
.23
1@
.94
.56
.32
.03
.04
.0a
s
.04

20 8 0 0 0K WWMNS FEFMNEFODeRF WMDWWe o9 ON@ &~ WEFE &

.27
.49
.49
.80
.02
.28
.91
.09
.62
0@
.00
.0a
.23
.79
.94
.98
22
.61
.05
72
74
0@
.13
.84
.54
.86
.30
22
.80
.68
.34
.04
.04
0@
.25
.04

5 E e 8 8 WWHEeFHWEe e e NS W EE &8 & MNE S~ oW

.34
.62
.@8
22
.25
.22
.94
.22
.76
.00
.28
.20
.42
.47
.22
.5
.11

.BE8
.70
.96
.08
.13

.62
.76
.99
.08
.95
.33
.28

.a3
.08
.25
.a3

B9 WWMNEFEFMNGESFEOUV O WHWWE® NG L NWREO

.31
.51
.43
.48
.23
.03
.93
.19
.58
.0a
.0a
.0a
.28
.51
27
.95
11
.66
.64
.68
.82
.0a
.16
.98
.60
.78
.7
.03
.74
.39
.3@
.03
.03
.0a
.25
.03

E 5 & 8 8 0P WWwMh e P2 NS &S SN e PR W wwe a0 & MN® & - 2 0w =

20 FHWMNMESFWER OV ENWWEE® NG LR WX

SRS8RLGILR

.34
.62
.97
.11
.63

.94
.26

S888R

.22
.75
.81

.73
.58
.65
.91

.16

.TE

525 5 5 0 P WP PN R8N 0F W= Wwwe e e anrd® WP s we W

.29
.41
.14
.34
.60
.73
.92
.19
.65
.88
.Be
.Be
.15
.22
.82
.83
.03
.69
.30
.65
.71
.Be
.14
.92
.59
.73
.86
.99
.55
.28
.28
.04
.02
.Be
.24
B2

28 8808 3R WWEOFPNGSGIFEFIVNESFEW=NNWNEE @S WOE ;W

.a7
.87
.48
.61
.56
.48
.79
.80
.36
.00
.28
.28
.85
.48
.80
.53
.11
.53
.82
.66
.35
.00
.12
.59
.36
.73
.89
.18
.31
.52
W37
.21

.00
.28

=
=

D9 9 e @K WWMNEREDMBD®KEQOEEFE WD WWE @O @K @ W = ~ Wk

27
A2
.21
.73
3@
.85
.83
.96
.54
.08
0@
.0@
.16
.66
.65
.79
.14
44
12
.68
.97
.08
.15
.41
48
.85
.14
.34
.80
.60
.36
.04
.04
.08
.31
.04

[
rd

SESSFE/IPWUELRIPNSSPEIVNEREWNUWNESSENE WO NWE

.27

46
77
29
81
86
89
12

39
88
85
11
&7
66
&7
9z

16
56

73
B8
[
3@
30
@z

27
1

[y
L

2 e e e 88 FWNESFRNGEGE S 0NE R WS WWe e e @RMNE WO =W

EX88RBEIES

33
57

.95

11

.43
.92
.94

24

Y88S8E

1
s

25 8 8 O 8P WMNE aPF WE SR 80N 0EF W=Wwwe oo SrE WA PP S wPE

.34
.59
T2
.85
.26
.84

.28
.86
.88
.08
.28
.32
.88

SREG

.24
.63
.86
.88
.16
@2
.65
.67
T4
.93
.61
.11
.24

.88
.88
.24
.08

[ary
u

2 e e e FWNESFRNGEE SRR WSNWEeE e @MNE WO = oW

27
.33
.96
W27
.16
.45
.89
.12
.62
.08
.28
.08
.21
.95
.37
.61
.23
.69
.89
.61
.68
.00
.14
N-I
.56
.66
T2
.92
A4
.21
.28
.83
.21
.00
22
.21

=
o

5 H 6 5 9 G F WMNEGSFEMNGEG®FGS £ F W= WE 0 S G W= oW e

.83
.86
.28
.54
.95
.15
.73
s
.34
.Ba
.0a
.0a
.74
.16
.16
37
.06
.52
]
.62
.31
.8
.12
.58
27
.7l
.75
.99
.16
.43
.36
.8a
.84
.8
.20
.04


Presenter
Presentation Notes
Precipitation is specified monthly for each model element from 2km x 2km PRISM data


%5 WA

~ During an irrigation or pre-irrigation period, if the moisture content is
- below a user-specified threshold, the governing conservation equation is
used to compute the value of A, that will raise the moisture to field

capacity:

0L 1—0'— A0,
At

-P +Rp+DfC+ETpot

1_(fRf,ini _fU]



Presenter
Presentation Notes
During an irrigation or pre-irrigation period, if the moisture content is below a user-specified threshold, the governing conservation equation is used to compute the value of Aw that will raise the moisture to field capacity


Evapotranspiration

A Assumptions:

” e p is taken as 0.5

) 2 S \. . ETpot can be 0.75
. 4 taken as ET,,
vl ETcadJ or ET 450

pot

whatever is /
specified by the /
user 0.25



Presenter
Presentation Notes
If the available moisture is less than the water demand, then the evapotranspiration rate is reduced.
In practice, this generally doesn’t occur for agricultural lands, but can occur on native vegetation


Crop Demand Varies Monthly

Crop ET =Kc *ETo

14 I I I [ I |
=5 — = Example crop Kc curve
S RS |
| |
| | |
| | |
1.0 - | | | —
| W
| | |
o [ | |
X 08| _ 5 | -\ -
= K, 5l =
;_g : [ | |
8 r~ | - f—s
o | | | o
S | initial | | g
o | % © ol ' growth | f rapid | |2 —
} e | | stage | growth | mid-season 1S
SAESE Kei ' stage | stage | @
2] 9)@ " "]25) . I I | $
i 2 % 02 | | | |
[ I | =
K, | I |
(0.06) o e
0 | A I 1B| | IC | ID 1E | I I |

Jan Feb Mar Apr May June  July Aug Sept Oct Nov Dec

Month Brush et al. 2005.
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Presentation Notes
This is an example of the crop ET curve
C2VSim uses the monthly ETc, which is obtained by multiplying Kc and the average monthly ETo
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ITEV IREGN AEVARC1) AEVAP(2) AEVAR(3) ...
PA AL SB FI RI TR TO TH ™ OR GR VI o S0 UR N
18./31/4000_24:88 1 3.42 3.52 2.91 1.61 Z2.21 1.61 1.41 1.41 1.81 2.81 1.61 1.61 2.31 2.11 3.42 3.4
2 3.42 3.52 2.81 1.11 Z2.21 1.81 1.41 1.41 1.81 2.61 1.81 1.41 2.31 2.11 3.42 3.4
3 3.48 3.508 2.00 1.1@ 2.28 1.09 1.4@ 1.48 1.0 2.58 1.09 1.6@ 2.30 2.1@ 3.48 3.4
4 3.40 3.50 2.00 1.1@ Z2.20 1.0@ 1.4@ 1.4@ 1.8@ 2.40 1.0@ 1.6@ 2.30 2.1@ 3.40 3.4
5 3.41 3.51 2.91 1.1@ 2.21 1.19 1.4@ 1.48 1.19 2.71 1.19 1.80 2.31 2.11 3.41 3.4
& 3.48 3.508 2.6@ 1.1@ 2.28 1.09 1.4@ 1.48 1.0 2.60 1.09 2.00 2.30 2.1@ 3.48 3.4
7 3.75 3.86 2.43 1.32 Z2.43 1.32 1.54 1.54 1.32 2.98 1.32 1.54 2.54 2.32 3.75 3.7
8 2.94 3.84 2.58 8.9z Z2.82 @.92 @.92 1.29 @.92 2.39 @.92 1.20 2002 1.93 Z2.94 2.4
9 2.75 2.75 2.14 1.12 1.94 1.53 1.e2 1.43 1.82 2.44 1.82 1.12 2.34 2.14 Z2.85 2.8
1@ 3.36 3.46 1.83 1.82 2.24 1.22 1.82 1.43 1.82 2.34 1.82 1,32 2.34 2.84 3.6 Hd
1 3.31 3.41 1.81 1.00 Z2.21 1.z20 1.00 1.4@ 1.8@ 2.31 1.0@ 1.38 2.31 2.81 3.01 Elnd
12 3.31 3.41 1.81 1.00 2.21 1.29 1.8@ 1.48 1.0 2.31 1.09 1.30 2.31 2.81 3.e1 Hd
13 3.15 3.23 1.72 9.95 2.1@ 1.15 @.95 1.33 @.95 2.20 @.95 1.23 2.20 1.%0 Z2.86 3.1
14 3.14 3.23 1.71 @.95 2.e9 1.14 @.95 1.81 @.95 2.08 @.95 1.24 2.28 1.9@ Z.85 3.1
15 3.48 3.58 1.89 1.85 Z2.31 1.26 l1.e5 Z2.80 1.85 2.21 1.85 1.57 2.53 2.1@ 3.16 3.4
16 2.93 3.82 1.6@ 2.89 1.95 1.a7 @.89 1.69 @.89 1.87 @.89 1.16 2008 1.78 2.67 2.4
17 3.19 3.29 1.74 9.97 2.13 1.17 .97y 1.84 @.97 2.84 @.97 1.26 2.32 1.94 2.91 3.1
18 2.93 3.82 1.6@ 2.89 1.95 1.86 @.89 1.69 @.89 1.86 @.89 1.15 2008 1.77 Z2.66 2.4
19 3.94 4.06 2.15 1.2@ Z2.62 1.44 1.20 2.26 1.20 2.50 1.20 1. 56 2.86 2.38 3.58 3.9
' 4.88 4.28 2.22 1.24 2.72 1.49 1.24 2.34 1.24 2.59 1.24 l1.61 2.97 2.47 3.78 4.¢
21 4.64 4.79 2.54 1.42 3.18 1.69 1.42 2.67 1.42 2.95 1.42 1.82 3.38 2.81 4.23 4.6
1 3.4 3.7
2 3.4 3.7
3 3.4 3.7
4 3.4 3.7
5 3.4 3.7
& 3.4 3.7
7 3.4 3.7
8 3.4 3.7
9 3.4 3.7
1@ 3.4 3.7
1 3.4 3.7
12 3.4 3.7
13 3.4 3.7
14 3.4 3.7


Presenter
Presentation Notes
Evapotranspiration rates are specified monthly for each crop and subregion. Thus the ET rate for pasture varies monthly and varies by subregion


ot+1=pt + [P—Sr]-'-{AW—Rf}—ET —Dy, |At

cadj P

' * Routing of water through a developed basin requires the knowledge of
applied water

e In California, groundwater pumping is generally neither measured nor
regulated; i.e. total historical applied water is unknown

_* Most major surface diversions are measured in California’s Central
Valley but their spatial allocation may be unknown

e For planning studies applied water is an unknown and has to be
computed dynamically



Presenter
Presentation Notes
Need to calculate the applied water to meet the evapotranspiration demand


Lo Y

Agricultural demand is the
required amount of applied
water in order to maintain
optimum agricultural
conditions

At optimum agricultural
conditions

1) ET rates are at their
potential levels for
proper crop growth

0 . Ay o — — -
min = -.—ﬁ' o .-:\"-* e

0.5x0, ———

Soil moisture interval at which

() ET=ET,
iy D,=0,
(i) 020,

2) soil moisture loss as deep percolation and return flow is




e Use governing conservation equation to express the applied water that
will satisfy the optimum agricultural conditions:

—ot
6. =6l +{(P—Sr)+CUAW —ETC}At

0 . —ot
— CUAW: min r—(P—Sr)+ETC Z O

A\l
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C2VSim Crop Demands File

C SMMINC1) SMMINCZ) SMMINC3) ...
C TIME IR CREFF(1) CREFF(Z) CREFF(3) ...
Cm = o oo o e o o e e e e e m e e S m S S e S M e e S S S MMM e e e e mmmmmm—mmmm e
C PA AL 5B FI RI TR TO TH ™ OR GR VI co
18/31/4008_24:00 1 @.50 @.44 @.40 e.17 2.08 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.69 9.73 @.73 0.08 0.00 0.0 0,00 0.00 0.08 @.75 0.0 0.76 0.0
Z @.50 @.44 @.40 e.17 2.08 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
2.78 8.72 @.73 @.00 2.0 o.08 @.8a o.08 @.00 ®.78 o.08 @.76 2.0
3 @.58 0.44 ©.48 9.17 0.08 @.22 9.13 @.13 9.13 0.44 @.17 0.4@ 8.1
@.62 2.71 @.71 2.0 2.0 @.09 e.ea @.09 2.0 @.3a @.09 e.76 e.0
4 @.58 0.44 ©.48 9.17 0.08 @.22 9.13 @.13 9.13 0.44 @.17 0.4@ 8.1
@.70 @.69 @.70 e.09 2.0 @.09 @.ea @.09 @.09 @.75 2.09 @.76 2.0
5 @.50 @.44 @.40 e.17 2.08 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.66 9.69 @.68 0.08 0.00 @.00 0.00 ©.00 0.08 0.72 @.00 0.76 @.0
5] @.50 @.44 @.40 e.17 2.88 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.64 @.68 @.68 2.0 2.0 @.09 e.ea @.09 2.0 e.7a @.09 @.68 e.0
7 @.58 0.44 ©.48 9.17 0.08 @.22 9.13 @.13 9.13 0.44 @.17 0.4@ 8.1
@.64 @.68 @.68 2.0 2.0 @.09 e.ea @.09 2.0 e.7a @.09 @.68 e.0
8 @.50 @.44 @.40 e.17 2.08 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.65 0.68 @.68 0.08 0.00 @.00 0.00 ©.00 0.08 0.7@ @.00 0.70 @.0
9 @.50 @.44 @.40 e.17 2.08 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.64 0.68 @.68 0.08 0.00 @.00 0.00 ©.00 0.08 0.7@ @.00 9.69 @.0
1@ @.58 0.44 ©.48 9.17 0.08 @.22 9.13 @.13 9.13 0.44 @.17 0.4@ 8.1
@.67 0.64 @.75 2.0 2.0 @.09 e.ea @.09 2.0 e.76 @.09 8.75 e.0
11 @.58 0.44 ©.48 9.17 0.08 @.22 9.13 @.13 9.13 0.44 @.17 0.4@ 8.1
@.67 @.68 @.74 e.09 2.0 @.09 @.ea @.09 @.09 e.72 2.09 2.71 o,
12 @.50 @.44 @.40 e.17 2.08 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.68 0.65 @.74 0.08 0.00 @.00 0.00 ©.00 0.08 0.78 @.00 0.77 @.0
13 @.50 @.44 @.40 e.17 2.88 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.62 @.68 @.76 2.0 2.0 @.09 e.ea @.09 2.0 e.76 @.09 e.71 e.0
14 @.58 0.44 ©.48 9.17 0.08 @.22 9.13 @.13 9.13 0.44 @.17 0.4@ 8.1
@.85 @.87 @.75 2.0 2.0 @.09 e.ea @.09 2.0 @.75 @.09 @.85 a. o
15 @.50 @.44 @.40 e.17 2.08 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.72 0.68 @.72 0.08 0.00 @.00 0.00 ©.00 0.08 0.75 @.00 0.74 @.0
16 @.50 @.44 @.40 e.17 2.08 @.22 @.13 @.13 @.13 @.44 @.17 @.48 @.1
@.67 9.63 @.72 0.08 0.00 @.00 0.00 ©.00 0.08 9.79 @.00 0.72 @.0
17 @.58 0.44 ©.48 9.17 0.08 @.22 9.13 @.13 9.13 0.44 @.17 0.4@ 8.1


Presenter
Presentation Notes
The water demands of each crop are also controlled by irrigation scheduling parameters that also vary by subregion and month
For example, this shows that several crops with CREFF=0 are not irrigated in October
Year 4000 is a flag that says ‘ignore the year and re-use this each year’


- e Urban water demands

are user-specified time- Urban
| series input data /\ '\?Vg‘t);’rr
#..* Qutdoor urban applied Jos et i m L
water and precipitation | Urban | | ] L]
are routed through the Ovlf/ﬁg?r

root zone using the
governing conservation
equation

; ~~ * Urban indoor applied water and precipitation over non-pervious



Presenter
Presentation Notes
Specify urban demands as a time series
C2VSim urban demands are currently based on per capita consumption rates and populations
This is a general estimate to publish the model and can be updated for specific studies


Water Use Parameters

R IO TTTTT TN

WATER USE PAERLMETERS

The following lists the water use parameters for each subregion and the
crop root zone depth for each crop type including urban (lawn) and
native wvegetation (skip if =so0il moisture is not routed,

i.e. if there are no rain gages)

IR H Subregion number
PERV H Fraction of pervious area to total urban areas
ICRUFAG : Fraction of the surface runoff from agricultural applied water

that is re-used - this number corresponds to the appropriate data
column in irrigation water re-use factor data file (Unit 29)
ICRUFUREB: Fraction of the surface runoff and return flow from urban areas
that is re-used - this number corresponds to the appropriate data
column in irrigation water re-use factor data file (Unit 29)

OnOooOoOnO00O0OoO0o0o000o00000000000000

IURIND : Urkan return flow specification
-2; Urban return flow goes out of model boundary
-1; Urban return flow goes into groundwater recharge
0; Urban return flow enters streams
nd; Urban return flow enters streams at stream node, nd
IR PERV ICRUFAG ICRUFUES IURIND
1 .62 1 22 4]
2 .62 2 22 4]
3 .62 3 22 4]
4 .62 4 22 4]
5 .62 5 22 4]
[ .62 [ 22 4]
T .62 7 22 4]
] .62 8 22 4]
9 .62 9 22 4]
10 .62 10 22 -1
11 .62 11 22 -1
iz .62 iz 22 -1
13 .62 13 22 -1
2. 14 .62 14 22 -1
15 .62 15 22 -1
16 .62 16 22 -1
; iT .62 17 22 -1
-2 is .62 18 22 -1
19 .62 13 22 -1
= 20 .62 20 22 -1
21 21 22 -1



Presenter
Presentation Notes
Urban water use parameters:
Fraction of pervious area to total area (all set at 62%)
Agricultural re-use factor (file column number)
Urban re-use factor (file column number)
Where does urban return flow go?
Outside model
Recharged to groundwater
To rivers
To specified river node



% %%

ITUSP ; Time
IR 3  Subregicn number
URINDR; Fraction of total urban water that is used indoors

18/31/4000_24:00

[l N I = T QS N WY I Y

=
=

=
=

12
13
14
15
16
17
18
19
28
21

11/38/4000_24:00

S E S 6 5 65 6 6 65 6 6066 60606 6 60696 606966 09 6@
I T B B e et I I I I ¥ L O Y Y I R R B R VI R |
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Presentation Notes
Fraction of total urban water that is used indoors
The outdoor use fraction is routed through urban root zone process to ET, deep percolation and return flow
The indoor use fraction is assumed to pass through the water treatment plant and is discharged to the river



e
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C2VSim Urban Demands File

ROMUR(1)} RDMURCZ) RDMUR(C3) ...

C ITDU

@ 11 12 13 14 15 1% 17y 18 19 28 21

18/31/1921 _24:60 0.2 ©0.4 0.2 0.1 0.7 0.4 1.0 2.1 1.4 9.2 @.7 8.3 @.6 0.3 @.5 1.6 8.5 1.1 @.2 8.3 1.1

1173871921 _24:6@ ©.2 ©.3 8.1 0.1 @.5 ©.3 0.4 1.6 @.7 9.1 9.4 8.2 2.4 0.1 @.3 1l.Z 8.3 @.8 2.1 9.2 @.7

12/31/1921 _24:60 0.2 ©.3 8.2 0.1 8.5 8.3 8.4 1.6 @.7 9.1 8.5 0.2 8.4 6.2 .3 1.6 @.3 @.7 0.1 8.2 8.7

01/31/1922_24:6@0 0.2 ©.3 9.2 8.1 @.5 .3 0.4 1.6 @.7 .1 8.5 8.2 2.4 0.2 @.3 1. 8.3 @.7 8.1 9.2 @.7

Q2/28/1922_24:0@ 9.1 ©.3 9.1 ©.1 @.5 @.3 V.4 1.5 @.7y @.1 8.4 8.2 2.4 0.1 @.3 .9 8.3 @.60 2.1 9.2 9.t

03/31/1922_24:60 0.2 8.4 9.2 8.1 0.5 8.3 8.4 1.7 1.0 .1 8.5 @.2 8.4 6.2 .3 1.1 8.3 8.8 2.1 8.2 8.8

84/30/1922_24:00 0.3 0.6 9.2 0.1 1.1 @.4 1.3 2.5 1.2 8.2 @.7 @&.4 @.7 ©.3 @.6 2.3 8.7 1.5 8.3 8.5 1.4

@5/31/1922_24:0@¢ ©0.3 @.6 9.3 ©.1 1.1 @.4 1.6 2.6 2.0 B.2 9.2 0.4 .8 0.4 @.7 2.5 @.Vv 1l.6 8.3 8.5 1.6

06/30/1922_24:60 0.3 8.7 9.2 8.1 1.3 @.4 2.0 3.6 2.4 0.3 0.9 0.4 8.9 6.3 .7 2.6 6.8 1.8 8.3 0.6 l.&6

07/31/1922_24:60 0.4 0.8 9.4 ©.1 1.3 @.5 2.2 3.1 2.7 .3 1.¢ @.4 2.9 @.5 @.8 2.7v 9.8 1.8 8.3 0.6 1.8

88/31/1922_24:0@ 0.3 0.7y 9.3 0.1 1.2 .4 2.0 2.9 2.6 B¥.Z2 1.0 9.4 2.8 0.4 @.7 2.6 9.8 1.7 8.3 9.6 1.7

e9/38/1922_24:60 0.3 8.6 0.2 6.1 1.1 8.4 1.7 2.6 2.0 0.2 0.7 @8.4 8.7 6.3 @.6 2.2 8.6 1.5 8.2 8.5 1.3

18/31/1922 _24:60 ©.2 ©.3 ©.2 0.1 @.6 ©.3 ©.7 1.7 1.4 9.3 @.7 8.3 @.7 8.3 @.5 1l.7v 8.5 1.1 8.2 9.4 1.1

1173971922 _24:6@ 0.2 ©.3 8.1 0.1 @.5 9.3 0.4 1.6 @.7 9.1 8.5 8.2 2.4 9.2 @.3 1l.Z 8.3 @.8 8.1 9.2 9.8

12/31/1922_24:0@ @.2 ©.3 8.2 @.1 @.5 8.3 e.4 1.7 @.8 @.2 @.5 8.2 @.5 .2 @.3 1.1 @.3 e.7 0.1 2.3 a.7v

01/31/1923_24:6@0 0.2 ©.3 9.2 8.1 @.5 .3 0.4 1.7 @.8 9.2 8.5 @0.2 8.5 0.2 .3 1.1 8.3 @.7 8.1 8.3 8.7

@2/28/1923_24:0@¢ 9.1 ©.3 9.1 ©.1 @.5 @.3 V.4 1.5 @.7y @.1 8.4 8.2 2.4 9.1 @.3 1. 8.3 @.0 2.1 9.2 9.t

@3/31/1923_24:080 @.2 ©.5 ©.3 9.2 0.8 @.4 1.e¢ 1.8 1.v @.3 @.8 @.3 @.7 @.3 @.6 Z2.¢ @.¢ 1.3 @.2 @.5 1.3

Z24:60 ©.2 ©.5 0.2 0.1 0.7 0.4 8.6 1.6 1.2 8.2 @.7 8.3 8.6 0.3 @.5 1.8 8.5 1.2 8.2 8.4 1.2

84/30/1923

e6/30/1923_24:00 @.3 0.6 0.2 0.1 1.2 e.4 2.e¢ 1.7 2.4 8.3 l1l.¢ @.4 0.9 @.4 0.8 2.8 @.8 1.8 0.3 @.¢ 1.8

@7/31/1923_24:60 0.4 0.8 0.4 ©.1 1.3 ©.5 2.2 1.9 2.9 8.4 1.1 @.5 1. @.5 @.8 2.9 8.8 1.2 8.3 0.7 1.8

88/31/1923 _24:0@ 0.3 0.7y 9.3 0.1 1.2 0.4 2.0 1.8 2.7 ¥.4 1.0 @.4 1.@ 0.4 @.7 2.¥y 8.8 1.7 8.3 @.v 1.7

@9/30/1923_24:00 @.2 0.5 0.2 0.1 0.9 .4 1.4 1.7 1.8 8.2 @.8 @.3 0.7 @.4 0.6 2.2 @.6 1.4 @.2 8.5 1.4

18/31/1923 _24:60 0.2 ©8.4 0.3 0.1 @.8 0.4 8.9 1.7 1.6 9.3 8.7 0.3 8.7 6.3 .5 1.7 8.5 1.1 8.2 8.4 1.1

11/38/1923 _24:60 0.2 ©.3 8.1 0.1 @.5 9.3 8.5 1.7 @.8 9.2 9.6 8.2 2.6 0.2 2.4 1.3 8.4 @.2 2.1 2.3 8.9

12/31/1923_24:00 ©.2 ©.3 8.2 @.1 @.5 8.3 e.4 1.7 @.8 @.2 0.5 8.2 8.5 0.2 .3 1.1 0.3 e.7 0.1 2.3 @.7

01/31/1924_24:60 0.2 8.3 9.2 8.1 @.5 .3 8.4 1.7 8.8 9.2 0.5 0.2 8.5 6.2 .3 1.1 8.3 @.7 8.1 8.3 0.7

02/29/1924_24:00 0.1 0.3 9.1 ©.1 @.5 .3 8.4 1.6 @.7 .1 9.4 8.2 2.4 9.1 @.3 1. 8.3 @.6 2.1 9.2 8.6

@3/31/1924_24:060 @.2 ©.3 0.2 8.1 8.5 @.3 e.e 1.7 1.4 8.3 .7 @.3 @.7 .3 6.4 1.7 @.5 1.1 @.2 8.4 1.1

24/30/1924_24:60 0.3 0.6 0.2 ©.1 1.2 0.4 1.7 1.8 2.1 8.3 0.9 0.4 2.9 0.4 @.6 2.4 8.7 1.5 8.3 8.5 1.5

@5/31/1923_24:0@ ©.3 ©.¥Y 9.3 ©.1 1.1 .4 1.8 1.8 2.2 ¥.4 1.0 @.4 1.@ @.4 @.7 2.¥y 8.8 1.7 8.3 @.7v 1.7
RS A1 710724 7430 B = A 7 A 2 @1

7

1

1 R @A 32 & 7

188 &4 4 67 727 B R

1T 9 19 R 2272 G4 103 @A A

1T 3 @A A
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Presentation Notes
Urban water demands by subregion, estimated by per capita rates and populations



~ e Automatic adjustment of diversions
and pumping to meet agricultural
and urban water demands

-~ o Diversion or pumping adjustment can
be turned on or off during simulation
period (represents evolution of water
supply facilities over time)

e All supplies have equal priorities;
handling of complex water rights is
M [ deferred to systems models like
| CalSim



Presenter
Presentation Notes
One of the most powerful components of IWFM is the option to automatically adjust surface water diversions and groundwater pumping to match water demands.
This can be fine-tuned:
Release version has groundwater pumping adjustment to meet all agriculture and urban demands.
Can automatically adjust one specific pump or one specific surface water diversion, or any combination of pumps or diversions

The trick is selecting the order that things are adjusted.
IWFM does not contain information about water rights, so it can’t adjust based on higher priority and l\ower priority


Balance between Supply and Demand

~* |WFM can route water supplies (diversions and
pumping) as specified or automatically adjust supplies
to meet demands (increase/decrease in diversions
and/or pumping)

e When supplies are adjusted, they may still be less than
demand if there is not enough water in the system

~* When supply is less than demand, deep percolation,
g return flows, moisture content and ET diminish; when
larger than demand deep percolation, return flow and



Presenter
Presentation Notes
The initial demand is a fixed value
The initial demand may be decreased if the supply is not adequate
For the release version of the C2VSim model, groundwater pumping is adjusted. So there will always be at least enough water to meet the demand.
Also for the release version of C2VSim, surface water diversions are not adjusted, so there may be cases where the surface water diversions are greater than the demands. Excess surface water will then become return flows to the river


IWFM Output

 Land and Water Use Budget

— Agricultural supply and demand

— Urban supply and demand

— Surface water imports and exports
 Root Zone Moisture Budget

— Agricultural, Urban, Native/Riparian sections

— Land surface water balance for each



Presenter
Presentation Notes
The Land Surface Process produces two budgets
The Land and Water Use Budget shows the balance between supply and demand for Ag and Urban
The Root Zone Budget gives the root zone water balance for Ag, Urban and Native Vegetation



Land and Water Use Budget

Balance Water Supply and Demand
Agricultural and Urban Sections
Calculated for each Subregion

Agricultural Supply Requirement = Potential
CUAW/Irrigation Efficiency

Urban Supply Requirement is input time series

| -+ Supply Requirement = Pumping + Diversions +
- Shortage



Presenter
Presentation Notes
Details of the Land and Water use Budget


Land and Water Use Budget

INFM (v3.02.0064)
LAND AND WATER USE BUDGET IN AC.FT. FOR SUBREGION 1 (DSA 58)
AREA: 328277.68 AC

CUAW

Agricultural
Supply

Reguirement

18/31/1921_24:
11/38/1921_24:
12/31/1921_24:
01/31/1922_24:
B2/28/1922_24:
©3/31/1922_24:
84/38/1922_24:
©5/31/1922_24:
26/38/1922_24:
@7/31/1922_24:
B8/31/1922_24:
@9/38/1922_24:
18/31/1922_24:
11/38/1922_24:
12/31/1922_24:
91/31/1923_24:
02/28/1923_24:
©3/31/1923_24:
84/38/1923_24:
@5/31/1923_24:
06/30/,1923_24:
@7/31/1923_24:
©8/31/1923_24:
@9/38/1923_24:
18/31/1923_24:
11/30/1923_24:
12/31/1923_24:
01/31/1924_24:

EEEZTZEEeZs228883s238888888

6426

5581.
7BET .
7684,
3@12.
526.

857

OV NNUREND RSSOV DNDS SO S A

6@35.
9259
7925,
1133@.
11e62.
4336.
738.
1242,

SR UNMNUFEND WSS NWINIEIXNEDE®® W0

20 e 9 0 9

e e 00 66 8 9 @ =

e e e e ® %
200 e e eEHE e eEeee.

[t}
=}
L

=

Urb
Urban
Diversion Shortage Re-use Area Supply Pumpi
-2 (=) CAC) Requirement =2
7622.6 -1475.1 2.9 956.9 200.0 152
598.5 -598.5 2.8 956.0 208.8 157.
(5] 0.0 2.9 956.9 200.0 151.1
(5] 0.0 2.9 956.9 200.0 156.
8.0 8.0 2.8 956.0 108.8 61.
(5] 0.0 2.9 956.9 200.0 155..
7356.9 8.0 2.8 956.0 308.8 243
14457.6 -6686.2 2.9 956.9 300.0 285
18571.6 -9444 .4 2.8 956.9 308.8 211
22662.8 -11332.2 2.8 956.0 400.0 257
22512.3 -11197.@ 2.9 956.9 300.0 148
15636.8 -69@9.7 2.8 956.0 308.8 300
7Z282.9 -7282.9 2.9 956.9 200.0 152
8.0 8.0 2.8 956.0 208.8 157.
8.0 8.0 2.8 956.0 208.8 151.1
(5] 0.0 2.9 956.9 200.0 155..
8.0 8.0 2.8 956.0 108.8 61.
381.9 0.0 2.9 956.9 200.0 154
6145.1 -189.5 2.8 956.0 208.8 143.
14968.1 -5700.6 2.8 956.@ 308.2 205.
18196.8 -18271.7 2.9 956.9 300.0 218.
22659.3 -11328.8 2.8 956.0 400.0 257.
22485.0 -11422.9 2.9 956.9 300.0 147.
14665.3 -18329.1 2.8 956.0 208.8 208.
553.5 0.0 2.9 956.9 200.0 152.
462.9 0.0 2.9 956.9 200.0 157.
8.0 8.0 2.8 956.0 208.8 151.
(5] 0.0 2.9 956.9 200.0 155.



Land and Water Use Budget

Column Flow 08/31/2004 Source
Area (AC) 6,604,404
_ |Potential CUAW 2,586,635
S supply Requirement  OUT 3,204,699 |
S |Pumping IN 1,601,200 GW
e |Diversion IN 1,693,677 SW
< Shortage (IN) -177
Re-use 67,228
Area (AC) 1,147,412
Supply Requirement ~ OUT 249902 |
! | gé Pumping IN 162,716 GW
. s 5 |Diversion IN 91,371 SW
Shortage (IN) -4,185
Re-use 0
Import 949,507
Export 369,919



Presenter
Presentation Notes
Look at values from one month, August 2004
Potential CUAW is the initial water demand (max demand)
“Potential” because it may not be met
Supply requirement is potential CUAW divided by irrigation efficiency
The supply requirement is met with pumping and diversions. 
Pumping + diversions > supply requirement so there is a negative shortage ( = surplus)

Q: Who can think of some of the reasons for this surplus?
Everything in the model is an estimate of historical values. Some estimates are very close, others are guestimates.
Model crop acreages do not match actual historical crop acreages
Errors in the surface water diversion data
Incorrect modeling of the losses between the diversion point and the field
Constant ET rate, crop management practices, etc vs annual variations & improvements
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Presenter
Presentation Notes
We can use input files and output files to see some historical information about the Central Valley

This is a graph of the land sue data in the model. 
The land use data prior to about 1980 is rough estimates. We are currently working to refine these estimates

Note the total developed area is stable after 1970

Note the large increase in urban area at the expense of agricultural area

Urban area = fixed demand
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Presentation Notes
This shows the land use in the three major hydrologic regions.
Sacramento and San Joaquin are growing
Tulare Basin is shrinking
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Presenter
Presentation Notes
We can map the portion of each subregion in agricultural and urban land use
This doesn’t really tell us much but it helps us feel better about the model when it confirms what we already think
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Presenter
Presentation Notes
Take the agricultural portion of land use and break it down into individual crops
We can see some interesting things:
Sugar beets were big but no more
Growth in citrus
Tomatoes
Grains – we need to see if these are irrigated or dry land grains



Sources and Sinks

Water Supply Decade Water Use
1922-1929 |

1930-1939
1940-1949

1950-1959
1960-1969

1970-1979
1980-1989

1990-1999

2000-2009
3 2 10 0 o 10 20 30 40
Inflows (MAF/year) Outflows (MAF/year)
M Precipitation W Diversions M Storage™ M Recharge

M Groundwater M Storage® Runoff " Evapotranspiration
* Storage values are generally too small to appear on these figures.


Presenter
Presentation Notes
Take the information from the budget file and make a Butterfly Graph with Inflows vs Outflows balanced each year
This shows change over the nine decades of the model period
Fairly steady rise in supply and demand between 1920s and 1980s
Flattens through 1990s and then drops of in 2000s
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Presentation Notes
A butterfly graph of each year 2000 – 2009
We can see the large influence of precipitation




Agricultural Budget

Water
Inflows (MAF/Year) Year QOutflows (MAF/Year)

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

0 5 10 15 20 25 30 35

B Precipitation B Surface Water I Groundwater Deep Percolation
% | o L 0 Runoff [l Return Flow [l Evapotranspiration

8%

Average

Note: Flow rates near zero may not appear on these figures.
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Presentation Notes
We can do a butterfly graph of the agricultural water budget to look at sources and sinks each year



Urban Budget

Water
Inflows (MAF/Year) Year Outflows (MAF/Year)

2000
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2003
2004
2005
2006
2007
2008
2009
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Average

Note: Flow rates near zero may not appear on these figures.
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Presentation Notes
We can also do a butterfly graph of the urban water budget



Native & Riparian Budget

Water
Inflows (MAF/Year) Year Outflows (MAF/Year)

9

Note: Flow rates near zero may not appear on these figures.
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Presentation Notes
Inflows and outflows for the Native and Riparian are very different as there is no surface water or groundwater
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Presenter
Presentation Notes
Look at total water demand for the Central Valley
Plateaus around 1970 with annual fluctuations. 
Increasing urban demands
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Presenter
Presentation Notes
Look at agricultural water sources
Large fluctuations in groundwater pumping as a result of fluctuations in surface water availability



Root Zone Moisture Budget

Agricultural, Urban and Native/Riparian
Water Sources and Root Zone sections
Printed for each Subregion

Water sources:

— All have precipitation
— Agricultural and Urban have applied water
Root zone

— Soil moisture storage +/- land expansion
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Presentation Notes
The Root Zone Budget gives the water balance for the land surface
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Presentation Notes
Here’s the Root Zone Water Budget table from the Budget program



Root Zone Moisture Budget

Column Flow 08/31/2004 Process
Area (AC) 6,604,404
Precipitation IN 92
Runoff ~ouT 0 SwW |
Prime Applied Water 3,294,876

__ |Reused Water 67,228

g Total Applied Water IN 3,362,104 GW/SW

E

oo |Beginning Storage 4,100,673

< Net Gain from Land Expansion (+) +/- 0
Infiltration (+) IN 3,195,874

Ending Storage (=) 4,078,680



Presenter
Presentation Notes
Here we have the information from the August 2004 line of the Root Zone Water Budget table for Agricultural lands

Net Gain from Land Expansion = each year, when land moves from one class to another, it takes it’s water with it

Inflows = Outflows + Change in Storage



Root Zone Moisture Budget

Column Flow 08/31/2004 Process
Area (AC) 1,147,412
Precipitation IN 208
Runoff ouT 79 Sw |
Prime Applied Water 254,086
Reused Water 0
— |Total Applied Water IN 254,086 GW/SW
SRetunFlow  OUT 46801 SwW_|
- 0

Beginning Storage
Net Gain from Land Expansion (+) +/- 0
Infiltration (+) 207,414
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Presentation Notes
Here we have the information from the August 2004 line of the Root Zone Water Budget table for Urban lands

Net Gain from Land Expansion = each year, when land moves from one class to another, it takes it’s water with it

Inflows = Outflows + Change in Storage




Root Zone Moisture Budget

Column Flow 08/31/2004 Process
Area (AC) 4,947,899
é” Precipitation IN 1,249
cRunoff oot 0 sw |
0 . .
g Beginning Storage 0
= INet Gain from Land Expansion (+) +/- 0
o |Infiltration (+) 1,249
2
©
pd
Ending Storage (=) 0
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Presentation Notes
Here we have the information from the August 2004 line of the Root Zone Water Budget table for Native & Riparian lands

Net Gain from Land Expansion = each year, when land moves from one class to another, it takes it’s water with it

Inflows = Outflows + Change in Storage
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Presenter
Presentation Notes
We can pull a lot of useful information from the Root Zone Water Budget table
One of the major flows is evapotranspiration.
This graph shows Ag, Urban and Native evapotranspiration
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Presenter
Presentation Notes
We can also break down evapotranspiration by hydrologic region. 
We see that the ET volume is roughly proportional to the land area of each hydrologic region



Regional ET Distribution
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Presentation Notes
We can make pie charts of this information.
This one shows the evapotranspiration volume for each hydrologic region
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Presentation Notes
The total evapotranspiration has increased with the expansion of agriculture and irrigation
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Presentation Notes
One of the major changes in the flow system has been the significant increase in deep percolation and recharge with development
Essentially the flow system changed from slow horizontal flow (precipitation -> river discharge)
To fast vertical flow (deep percolation -> groundwater pumping)

Deep percolation on native vegetation depends on precipitation
Deep percolation on agricultural lands is affected by precipitation
Deep percolation on urban lands is not greatly affected by precipitation



Summary

e IWFM Land and Water Use Process
— Known inflows: Surface Water Diversions
— Estimated outflows: Evapotranspiration
— Calculated inflows: Groundwater Pumping

 Constrained by water balance between
inter-process flows
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