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“IWFM”)

Technical support by DWR staff

IWFM Documentation

Theoretical documentation, user’s manual, reports, technical memorandums,
previous presentations and posters, user’s group presentations, and published
articles in peer reviewed journals are available at the IWFM web site (google
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IWFM Applications

- California Central Valley Groundwater-Surface
Water Model (C2VSim)

- Butte County Groundwater Model (Heywood, CDM)

- Walla Walla River Basin Model (Petrides, OSU)
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20,000 sg. mi. (55,000 sqg. km.)
30 MAF/yr Surface Water Discharge

Agricultural Production
® 6.8 million acres (27,500 sq. km)
® <1% of US farm land
® 10% of US crops value in 2002

Population Growth
® 1970: 2.9 million
® 2005: 6.4 million

® Groundwater Pumping

® ~9 VIA
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C2VSim Development

Derived from the CVGSM model
— WY 1922-1980 Boyle & JM Montgomery (1990)
— WY 1981-1998 CH,M Hill for CVPIA PEIS

Steady modification
— DWR IWFM/C2VSim development began in 2000
— IWFM process and solver improvements
— C2VSim data sets reviewed and refined
— C2VSim input data extended through WY 2009

Calibration
— PEST parameter estimation program
— Three phases: Regional, Local, Nodal




C2VSim Versions

C2VSim CG 3.02 (R367): Release Version
— Current version, updated November 2012
— Water Years 1922-2009, monthly time step
— IWFM version 3.02

C2VSim FG 3.02 (R356): Draft Version
— Based on C2VSim 3.02 CG of Jan 2012
— Refine rivers, inflows, land use
— Update to current CG version
— Expected release in Summer 2013

~~ Planned Improvements
b — C2VSim 3.02 CG/FG: Extend to WY 2011 or 2012




;CZVSim Coarse-Grid

“C2VSim CG-3.02”

- Finite Element Grid
— 3 Layers or 9 Layers
— 1393 Nodes & 1392 Elements

Surface Water System
— 75 River Reaches, 2 Lakes
— 243 Surface Water Diversions
— 38 Inflows, 11 Bypasses
— 210 Small-Stream Watersheds

Land Use Process
_ — 21 Subregions (DSAs)
t . —4land Use Types

o

Subregions Legend
Hydrologic Regions
[l Sacramento Valley
East Side Streams
Sacramento-San Joaquin Delta
[ san Joaquin River Basin
Tulare Basin

Small-Stream Watersheds [ |

Distance (miles)

e
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C2VSim coarse-grid version
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C2VSim Fine Grid

“C2VSim FG-3.02"

— Fine Grid (FG)

Coarse Grid Fine Grid |
Nodal Spacing —— Coarse Grid (CG) A&
Minimum 0.6 mi 0.4 mi on rivers . B e i
Maximum 9.4 mi 1.5 mi on edge
Average 14.4 mi? 0.6 mi?2
Model Grid
Nodes 1,393 30,179
Elements 1,392 32,537
River nodes 449 4,529
Run Time
88 years 3-6 min Appx 6 hrs
"4 = . Suggested uses:
: e — CG region-scale analyses

— FG local-scale analyses
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Simulated Annual Water Budget

Average Flows for water years 2000-2009
[Million Acre-Feet/Year]
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Groundwater Discharge to River (+) (Thousand Acre-Feet'month)

River-Groundwater Flows

Sacramento River reach near Chico

Greater than zero means a net flow from Groundwater to the River
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C2VSim Publications

o C2VSIM SUrface Water Inflows,

{EIVEinl, Venice 10

owsira Diversions and Bypass Flows

C2VSim Development and Calibration
(in revision)

C2VSim User Manual

User Manual
e the ‘

v, vonin 16166
Chakss F Brush, Emin C. Degrul

C2VSim Tutorial (draft)

Hands-On Tutorial
fot e




Excel Add-In

On Bookl - Microsoft Excel -8B X
(Cla) —
Q Home Insert Page Layout Formulas Data Review View Developer Add-Ins ‘ IWFM Tools | Acrobat @ - 3 X
?j IWFM version |3.02  + | () About Budget To Excel (v3.02) ol xi
Space
Delimited Text Choose Budget Input File
Deta Export GhdpelT DRIt Help [Z-temp v 365\1921-2003-DSS" Budget\CVBudget in Brawse... | _Import |
3 & (5 G~ (e i@ QR] 20
| X64 ™ £ | Land and water use budget ﬂ Transfer to Excel I
A B C D E |Stream budget
Rioot zone budget
1 IWFM (V3.02.Dﬂﬁ3} Groundwater budget ﬂ
2 |GROUND WATER BUDGET IN AC.FT. FOR SUBREGION 22 (ENTIRE MOD
3 AREA=12793138.59 AC Complete!
4
Time Deep Beginning Ending Storage PI::;DE:;?:“ Gain from Recharge Gainfrom Boundary Subsidence s;: :s::
Percolation Storage (+) (-) #) Stream (+) (+) Lake (+)  Inflow (+) (+) ?'_}
£

6  10/31/1921 1200 AM 107,891 70 3,102,558,944 94 3101455762 76 154566255 -1 360,21655 1,027 128.06 -1,807,079.49 31,09013  90,405.00
7 | 11/30/1921 12:00AM  10,499.60 3,101,455,762.76 3,101,6687,610.86 92200497 -853.066.91 25400492 7831097 3620150 56,617.07
8 | 12/3111921 12:00 AM  388,957.48 3,101,667,810.88 3,102,682,423.77 74169622 21609375 34628430  17,852.75 7283818  39,597.99
9 | 01/31/1922 1200 AM  288,004.05 3,102,662,423.77 3,103,133,215.27 599,366.24 -560,369.70 313,857.01 1895457 59,790.60  34,261.40
10| 02/28/1922 12.00 AM  459,924.77 3,103,133,215.27 3,104,249438.91 59860579 1557491 39643261 1234491 77,750.28 2791573
11 02/31/1922 1200 AM  79,849.93 3,104,249,438.91 3,104,396762.34 43308852 -505423561 27218724 1602.94 6772633  36,638.00
12 04/30/1922 12.00 AM  111,986.03 3,104,396,762.34 3,104,289,059.02 386,101.08 -297,765.27 24057235 521040 41,927.63  37,081.13
13 05/31/1922 12:00 AM 300,406 95 3,104,289,050.02 310514481192 39805382 9404118 60944805 1482596 4401581  29131.90
14 06/30/1922 12:00 AM  295.835.03 3,105,144,811.92 3,105,311,640.26 2398,037.38 46520877 61837260 1631923 238,869.57 48762.12
- 15 07/31/1922 12:00 AM  117,767.33 3,105,311,640.26 310421874941 32004480 99582249 28762718 1215549 37,65036 77,71366
4 % 16 08/31/1922 1200 AM  83,349.87 3,104,218,749.41 3,103,179.917.61 287,975.70 764,044.06 20166200 956870 37,24550 80,870.22

B 17 1 09/30/1922 12:00 AM ~ 28,923.90 3,103,179,917.61 3,102,820,802.90 253,024.33 -596,841.42 149,685.52 -7,595.87 36,84529  23,265.59
. " 18 | 10/31/1922 12:00 AM 10,428.49 3,102,820,892.90 3,102,582,016.85 22537720 -452,020.73 127,476.29 -4,116.67 4339452 2424499
T 19 1 11/30/1922 12.00 AM  70,374.76 3,102,582,016.85 3,102,721,899.87 222037.87 -270,795.03 140,477.99 -1,732.60 50,286.94  12,802.53

- 20 | 12/31/1922 12:00 AM ~ 533,756.17 3,102,721,899.87 3,103,584,673.76 345,057.00 170,966.55 267,785.60 1,642.19 74,722.35 9,683.82
: 21/ 01/31/1923 12:00 AM  261,607.92 3,103,584,673.76 3,103,741171.42 315,762.47 -394,511.54 202,499.85 -744.76 5974068  11,617.37
22 | 02/28/1923 12:00 AM 9,367.59 3,103,741,171.42 3,103 65889263 22309159 -505579.67 181,794.97 -1,683.15 4725154 1118723
231 03/31/1923 12:00 AM  44,164.47 3,103,658,892.63 3,103,171,074.82 201,887.756 -412,750.01 165,605.02 -3,402.00 M41.24775  44107.47
24 | 04/30/1923 12:00 AM  233,033.44 3,103,171,074.82 3,103,587 456.36  232,380.77 80,022.76 291,067.94 -6,032.68 70,155.38  13,045.71
25 | 06/31/1923 12:00 AM 33524596 3,103,687,456.36 3,103,564,048.83 28165776 -223,711.69 355450.74 -16,428.24 4060098  33,112.55
26 | 06/30/1923 12:.00 AM  233,136.62 3,103,564,048.83 3,102,891,317.94 27014756 -527,062.02 28195657 -15,056.77 40,22426  63,912.58
27 | 07/31/1923 12:00 AM  105,872.22 3,102,891,317.94 3,101,996,265.67 22150744 -571,814.33 23761353 -13251.18 39,47215  85,038.94
28 | 08/31/1923 12.00 AM  89,867.15 3,101,996,265.57 3,101,039,103.09 205,097.89 -566,873.80 16845490 -11,201.68 39,056.09  84,120.98
29 | 09/30/1923 12:00 AM 40,347 40 3,101,039,103.09 3,100,856,488.57 1B6,652.19 -421,756.99 12675362 -8,781.12 45,086.41 11,231.73
30 | 10/31/1923 12:00 AM 10,213.68 3,100,856,488.57 3,100,591,491.95 165,245.16 -337,797.06 104,846.44 -5,843.04 40,668.26  20,628.35
31| 11/30/1923 12:00 AM 8,320.47 3,100,581,491.95 310047431043 15101016 -372397.35  92894.94 -3,338.63 38,773.25 792713

o le ] 41202474022 12-N0 ARL ANE12 22 2 40N ATA 2410 A2 2 400 421 2472 A4 120 0724 02 1T TAQ 2T 02 E17 20 1 708 &N AA E2A BT
W 4 » M|~ Subregion 19 (DSA60F) - Subregion 20 (DSA 60G) .~ Subregion 21 (D34 60H) | Subregion 22 (ENTIRE M] [ I

Ready | 73 |
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Import budget tables to Excel


HEC-DSS

4 C2V5im_R365.055 - HEC-DS5Vue
File Edit View Display Milities Help

% \ J = | dZELE = | CDEC Bxcel Precision USGS

File Hame: |Z:‘Ltemp1r36511921—20DQ-DSSIResultleNSim_RBES.DSS
P i Pathnames Shower: 4204 Pathnames Selected: 0 Pathnames in File: 37836

=13l x|

File Size: 33987 KB

% s Search A LI c ;I E: LI
% N By Parts: E: |lWFM_DIVERDTL_EUD - o ~| F -]
el WWFRM_GW_BLID
Mumber WF Il u | C part D part i range E part F part |
%, Yos, 1 |MFNAFR_LAKE_BILD OLUME 0 Jas 920 - 01 JAn2000 e DELI |
g 2MFNWF ROGTZN BUD AOLUME 01 JA N1 920 - 01 JANZ000 1MOR DELI_SHORT -
2V FH_STREAM LD OLME otJanosn -1 ANz000 o ONVER SHORT
5| WAF M_STRMRCH_BUD — SOLUME 01 JAM1920 - 01 JAMN2000 MM CiI%ER:
r 5 |hF IEUFM_SW%HED_EIUD = W OLUME 01 JAMN1920 - 01 JAN2000 1 MON DIVER_SHORT
7 |hFh_DIVERDTL_ELD SRA0 D130 R34 SOLUWE 01 JAMT920 - 01 JAMNZ000 1MON CiI%ER:
. 8|hFh_DIVERDTL_BUD SRA0:DYIS0 R34 “OLUME 01 JAM1920 - 01 JAN2000 1MON DIWER_SHORT
9|hFh_DIVERDTL_ELD SE10DYVISTR11E SOLUME 01 JAM1920 - 01 JAMNZ000 TMON CIWER
) 10|0Fk_DIYERDTL_BID SR DY R115 “OLUME 01 JAM1920 - 01 JANZ000 1MON CIWER_SHORT
& 11 |WFhi_DIVERDTL_BUD SR10:DY1 72RO OLUME 01 JAR1920 - 01 J2AR2000 1 MR DELI
12|WFh_DIYERDTL_BID SRV T2ZRD SOLUME 01 JAM1920 - 01 JAMN2000 MM DELI_SHORT
% &, 13|MyFM_DIVERDTL_BID SR10:DY173:R0 W OLUME 01 JAMN1920 - 01 JAN2000 1 MON DELI
% 14 (0MF_DIVERDTL_BID SR10:DY 73 R0 SOLUME 01 JAM1920 - 07 JAMNZ2000 TMON DELI_SHORT
> 15|WFk_DIVERDTL_BID SRA0:DVT4RD “OLUME 01 JAM1920 - 01 JAN2000 1MON DELI
5, % &l 16| _DIVERDTL_BIUD SEI0:DVT4RD SOLUME 01 JAM1920 - 01 JAMNZ000 TMON DELI_SHORT
= 17 |AFk_DIYERDTL_BID SRA0:DYVM TERD “OLUME 01 JAM1920 - 01 JANZ000 1MON CELI
S, 18|0Fhd_DIVERDTL_BUD SR10:0Y1 7E:RD OLUME 01 JAR1920 - 01 J2AR2000 1 MR DELI_SHORT
19|AFW_DIYERDTL_BID SRV TT.RO SOLUME 01 JAMT 920 - 01 JAMNZ000 MM CELI
20|Fh_DIVERDTL_BUD SR10:DY1 77RO W OLUME 01 JAMN1920 - 01 JAN2000 1 MON DELI_SHORT
211WFk DIVERDTL BUD SR DYV TERD SOLUME 01 JAMT920 - 01 JAMNZ000 TMOM DELI

De-Select

Clear Selections

Eestore Selections

Set Time YWindow:

Mo time window set.
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Optional time-series data input from and output to HEC-DSS database



TecPlot-Ready Output

) Tecplot 360 2011 ] 9]
File Edit WYiew FPlot Insert Animate Data Frame Options  Scripting  Tools  Analyze  Help I

B = N e e T T e e e N e e B e B e [= Lo Mo e R R I
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v Edge
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Time 0 =
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— x
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TecPlot ready output for 2-D and 3-D animations of groundwater heads and subsidence
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€, C2vSim_CG_19211C_|

mxd - ArcMap - ArcInfo
File Edit View Bookmarks [Insert GSelection Geoprocessing Customize Windows Help
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and Data Tables
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ArcGIS tool to display model output (developed by RMC-WRIME and modified by Can Dogrul)


C2VSim Uses

CalSim 3 groundwater component

Integrated Regional Water Management Plans
Stream-groundwater flows

Climate change assessments

Groundwater storage investigations

Planning studies

Ecosystem enhancement scenarios




Example C2VSim Applications

- Groundwater Substitution Water Transfer:
Sacramento Valley Water Management Program

- Potential Impacts of Climate Change I: Aquifer
Response to Extended Drought

- Potential Impacts of Climate Change Il: Aquifer
Response to Extended Drought with Economic
Adaptation

Vo -  GRACE Collaboration: Downscaling Remote
Sensing Observations with C2VSim




Sacramento Valley
Water Management Program

e Sacramento Valley Water Mgmt. Agreement
— SWRCB D-1641, A15
— Sacramento Valley water users
— California DWR
— USBR
— Export water users

 Conjunctive water management projects
— Groundwater substitution for surface water
— Approximately 30 participants

8 — Operate in non-wet years (Sacramento River Index)
| — 173 TAF/year, June 1 — October 31
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Sacramento Valley Water Management Program overview
 
 


'C2VSIM Simulation of the SVWMP

e |dentify individual wells and pumping rates
e Prepare IWFM input files
— October 1972 - September 2003 Hydrology
— Pumps run Jun-Oct in non-wet years
e (C2VSIM runs
1. Turn on groundwater adjustment

o0 2. Turn on surface water adjustment
J 3. Turn on SVWMP wells & reduce diversions in




Explanation

E Finite Element Grid

—_— Riv

T Use groundwater in lieu
of surface water

® Anderson-Cottonwood ID & Natomas Central MWD

® Brophy WD * Pelges MWC

& Browns Valley ID ® Plaasant Grove-Verona ID

& Butte WD & Plumas MWC

& Cordua ID & Princeton-Cordua-Glann ID

® Dear Cresk ID ® Provident ID

Do Lo SVWMP Wells
® Foather WD ® RO08

#® Glenn-Colusa D & RD 2068 . .

* GhererCohuna - private ® Ramirez WD — 29 D I St rl Cts
& Garden Highuay MWC ® River Garden Farms

8 Hallwood 1D & South Yuba WD

;ij;: el — 293 wells
o — 187,633 AF/year
J/J’ﬂ
;f} / Operate non-wet years
S — 1973 1yr
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Be‘@r Creek

T J . -
Sacramﬁnf'@ ;.r_.f - Explanation

— Eﬂwgreek al 'I = Stream

4 Ba le Creek - | = Model Boundary »
~3B iy
¥ Pavnes’ ‘ 1 Subregion No.
; evenm e reeks o I
e OPEE[ | !’-’ ™ “~s  Diversion

3A Diversion Number |

A Gage Location

-

b American River
L7
, !
= g = =
Consumnes River

Sacramento Valley Water Management Program

: C2VSIM Diversions

— Adjusted:

e 19 diversions
above Freeport

— Unadjusted:
11 imports

e 2 exports




Base Case)

ifference (SVWMP

Flow D

Sacramento River at Freeport

1999
1998
1997
1996
1995
1994
1993
1992
1991
1990
1989
1988
1987
1986
1985
1984
1983
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1981
1980
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1977
1976
1975
1974
1973

WATER YEAR

N Months the SVWMP Project operates
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During months when the project is operating (using groundwater and leaving surface water in the river) the flow at Freeport is higher.
But:
Flow in non-operation months is lower as groundwater is recharged at the expense of surface water flow
The recovery is not immediate, but continues for several years
Each year the project operates, the flow at Freeport declines (a) while the project is operating and (b) after the project stops


Base Case)

Percent Flow Difference (SVYWMP

Sacramento River at Freeport
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During months when the project is operating (using groundwater and leaving surface water in the river) the flow at Freeport is higher.
But:
Flow in non-operation months is lower as groundwater is recharged at the expense of surface water flow
The recovery is not immediate, but continues for several years
Each year the project operates, the flow at Freeport declines (a) while the project is operating and (b) after the project stops


Flow Increase vs.Years of Sequential Operation
SVWMP vs. Base Case, Sacramento River at Freeport

180
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140 19734 \
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N
o
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If the project is operated several years in a row, there is a significant decline in the flow at Freeport
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Groundwater storage does not recover, even after several years
Groundwater storage declines significantly with repeated operation


P |

e

iy

%,

L

Annual River Flow Losses to Groundwater, SVWMP vs. Base Case

0

-20

o o
Le) o0

(1eap/4VL) smo

-100

14

-120

-140

o
U
)
0
=
)
Q.
o
[a W
W
v



Presenter
Presentation Notes
Groundwater storage does not recover, even after several years
Groundwater storage declines significantly with repeated operation


Preliminary Findings

- e C2VSIM simulation of SVYWMP operations

— SVWMP simulation is easy to implement in C2VSIM

— Summer flow increase at Freeport averages 128 MAF
(68%)

— Multi-year impacts are very important
— Annual flow loss at Freeport as groundwater recovers
— Lots of information — areal recharge, storage, GW-SW

| e lIssues regarding C2VSIM and SVWMP

— Scale: C2VSIM is a ‘regional’ model
— Water budget: Subregional ‘virtual farms’




Potential Impacts of Climate Change

- |: Aquifer Response to Extended
Drought

- Il Linking Economic and Hydrologic
Models to Study Impacts with
Economic Adaptation

* Norman L. Miller and Larry L. Dale, Lawrence Berkeley national Laboratory
Ak and UC Berkeley

Sebastian D. Vicuna, UC Berkeley and Centro Interdisciplinario de Cambio
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Projected average temperature increases for three Global Climate Change Models (names...)
For the A2 and B1 emissions scenarios (an increase 1 – 3 times as large as that which occurred over the 20th Century).
Projected 1.8 to 5.4 degree increase 
-----------
0.6-degree C temperature increase has been observed in the Sierra Nevada, the main water source for much of California
Temperature increases in the Sierra Nevada will reduce snowpack volume and cause earlier runoff
Temperature increases in the valley may change crop water use patterns 
---------
15 MAF/yr stored in snowpack and released in late spring and summer
A 10% reduction in snowpack at higher elevations of the Sierra Nevada has been observed
Continued warming could reduce snowpack volumes by 25% in the next 40 years



Methods

Use historical 1972-2003 data to construct 10-year monthly
valley-rim inflows for (1) base case, (2) slight, (3) moderate
and (4) severe droughts

Develop diversion scenarios using CALSIM-II
Determine economic parameters using CVPM
Integrated hydrologic simulations with C2VSIM

» 10-year spin-up at ‘average’ conditions

e 10-, 20-, 30- or 60-year drought

« 30-year recovery period

« Calculate groundwater pumping to meet demands
Incorporate economic factors using Logit functions
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Depth to Groundwater — Constant Crops

60-Year Severe Drought Recovery
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Presentation Notes
Average groundwater altitude for the Central Valley.
Deeper in some areas, shallower in others.
Note no recovery after the end of the drought.


e Crop mix is a function of water cost
» Surface water availability
* Depth to groundwater
* Crop water demand
» Crop production costs and returns

e Incorporate Logit equation in IWFM application
x, .
e renr
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Presentation Notes
Logit equation.
Major X factors are SURFACE WATER DIVERSIONS and DEPTH TO GROUNDWATER 
Let i and j index crops and let r and s index regions. 
A multinomial logit model predicts the share of acreage in each region planted with a given crop. 
The share of land planted in crop i and region r is given by [eqn 1]
where Xr is a vector of regional explanatory variables and [beta] is a vector of estimated coefficients. 
The summation in the denominator includes a term for each of the crops (except the reference crop), including crop i. 
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Variable crop simulation – reduction in pumping volume
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Crop Changes
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Variable crop simulations –
Significant increase in fallow area
Moderate increases in trees and vines (high value)
Moderate reductions in rice and truck crops
Significant reductions in pasture, alfalfa and field crops (low value)


Depth to Groundwater
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Slight reduction in pumping under the variable crop scenario has a significant effect on the groundwater head.
Note slight rebound after the drought under variable-crop scenario
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Relative change in water table altitude at the end of the drought simulation for two drought scenarios. 
Major impact is in the Tulare Basin
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Presentation Notes
Average groundwater altitude for the Central Valley.
Deeper in some areas, shallower in others.
Note no recovery after the end of the drought.


Findings

 Regional impacts of extreme drought
— Moderate in north (Sacramento River Basin)
— Locally severe in middle (San Joaquin River Basin)

— Severe in south (Tulare Basin)

~* e Economic behavior may significantly reduce drought
impacts below levels projected using a fixed level of future

"N < development
| . e The C2VSIM integrated model with CVPM emulation
b — performs as expected
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Future Work

- o Develop more realistic drought scenarios

— Downscale GCM precipitation and use VIC to simulate
rim inflows

— Monte Carlo simulations

— Changes in amount and timing of crop water demands
— Changes in amount and timing of reservoir releases

— More elaborate economic model

%

e More complex variable-crop drought simulations
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Presentation Notes
Hello, my name is Amber Kuss and I am a graduate student at the University of California, Santa Cruz. Then have everyone say their name and affiliation. 
And we are the GRACE Groundwater team and our project focused on downscaling GRACE data for small-scale groundwater storage estimates in the California Central Valley. For this project we partnered with the Department of Water Resources (DWR) and the Environmental Protection Agency (EPA). We also worked with Dr. Felix Landerer from JPL, a GRACE specialist. 
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GRACE Satellites
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GRACE (Gravity Recovery and Climate Experiment) is twin satellites launched in March 2002 that travel in the same orbit. 
The paired satellites travel about 137 miles (220 km) apart and record small changes in the distance separating them as they encounter variations in the Earth's gravitational field.
As the gravity beneath the leading satellite increases, it speeds up, increasing the distance between the two satellites. When the gravity decreases, the second satellite catches up to the first.
The distance between the two satellites is used to calculate total gravity. 
Changes in total gravity over time, or gravity anomalies, are caused by changes in total water content.



Gravity Anomaly (mGal)



Gravity Anomaly (mGal)
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Lower gravity where the crust is thin and higher gravity where the crust is thick





/ GRACE to Groundwater Storage

- Change in Groundwater =

Total Change in Gravity

- Change in atmospheric moisture
- Change in snowpack

- Change in reservoir storage

Bon, - Change in soil moisture




Compare GRACE and C2VSim
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Presentation Notes
Before we begin discussing the downscaling methodology, I want to point out some important differences between the GRACE and C2VSim datasets. This information is the starting point for the downscaling procedure described next. The blue line which represents the GRACE TWS anomalies, the red-line is the GRACE groundwater anomalies presented on the previous slide and the black line is C2VSim. When comparing C2VSim and GRACE TWS (the blue and black line) notice that peaks and troughs are generally in phase. However, the GRACE GW calculations (the red line) are generally about 5 months out of phase or lagged to the TWS and C2VSim values. While this presents some difficulty downscaling the GRACE data and comparing it to the C2VSim data month by month, it is not a problem when comparing total groundwater changes over the entire time period. Because we are unsure of how the error propagates when creating a lagged dataset, we present results here that do not account for this lag.



Groundwater Storage Estimates
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The map on the right shows another representation of the total change in each of the regions. The darker colors, located predominantly in the southern regions, represent greater amounts of loss. This matches the spatial gradient of groundwater loss from C2VSim.



Downscale to Subregion 19
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This is a time series comparison C2VSim and GRACE derived estimates for region 19 from October 2004 to September 2009. The red line represents GRACE estimates, and the black represents C2VSim estimates. GRACE measures a loss of 2.2 cubic kilometers plus or minus ? cubic kilometers while C2VSim measures a loss of 1.5 plus or minus 0.225 cubic kilometers. The trends from both datasets are similar, predicting a decrease in total groundwater storage over the time period; however, they have different slopes and provide different projections for the future. 


Downscaled Estimates
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Our methods were successful in creating downscaled estimates for C2VSim’s 21 sub regions. The two maps show ground water anomaly estimates for March of 2009. C2VSim’s is on the left and GRACE’s on the right, with yellow representing gain, and red loss. From north to south, you can see the C2VSIm estimates and the downscaled estimates follow a similar groundwater gradient with more gains in the north and more losses in the south. When compared against each other, the datasets have a correlation coefficient of 0.35, are significant at the p is less than 0.01. The root mean square error between these two datasets is 0.346 cubic kilometers. The error is highly variable across the different months and regions. Reasons for this include inherent error from GRACE and C2VSim estimates and error regarding the identified time lag between the series


"/ Subregional Change in Storage
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The plot shows another depiction of total changes for the time period. We do not have scale bars on these values because we do not yet know how to address this issue. While the downscaling methodology is not yet useful on the monthly prediction scale, it is however useful for assessing total changes as the long-term scale greater than 1 year. 



Preliminary Findings

- GRACE provides reasonably accurate estimates of
the change in groundwater storage in near-real
time for large areas (Central Valley) and long time
frames (1 year)

 GRACE loses accuracy as the time and/or area are
reduced

e GRACE results can be downscaled using C2VSim
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GRAVE is now being used by the National Drought Mitigation Center to estimate current groundwater conditions
California groundwater is recovering in the winter (as we would expect).
Groundwater throughout much of the US is declining due to the current drought


Tomorrow

e Running C2VSim
e Using the C2VSim ArcGIS GUI
- e Groundwater Pumping Case Study

— Add some pumps to the model
— See the changes in heads and river flows

-« Aquifer Storage and Recovery Case Study
7 — Modify a diversion and add a pump
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