
Groundwater Sustainability Plan 
Monterey Subbasin 

Appendix 6 A
Supplemental Water Budget Tables 
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Table 6A- . Comparison of Projected Water Budget Results Under “No Project” Scenarios 
with Variable Climate Conditions and Measurable Objective Boundary Conditions, Marina-

Ord Area 

Net Annual Groundwater Flows (a) 
(AFY) 

Historical Annual 
Inflows/Outflows 
(WY 2004-2018) 

Projected Annual Inflows/Outflows (b) 
Measurable Objective Boundary Conditions 

Baseline Climate 
Conditions 

2030 Climate 
Conditions 

2070 Climate 
Conditions 

Recharge 

6,144 6,356 6,823 7,509 
Well Pumping 

-4,346 -8,767 -8,767 -8,767
Net Inter-Basin Flow 

-4,975 1,461 1,051 457 
Net Intra-basin Flow 

1,544 998 1,026 1,063 
Net Surface Water Exchange 

0 0 0 0 
NET ANNUAL CHANGE IN 
GROUNDWATER STORAGE -1,632 49 133 262 

Abbreviations: 

Notes: 



Table 6A- . Comparison of Projected Water Budget Results Under “No Project” Scenarios 
with Variable Conditions and Measurable Objective Boundary Conditions, Corral de Tierra 

Area 

Net Annual Groundwater Flows (a) 
(AFY) 

Historical Annual 
Inflows/Outflows 
(WY 2004-2018) 

Projected Annual Inflows/Outflows (b) 
Measurable Objective Boundary Conditions 

Baseline Climate 
Conditions 

2030 Climate 
Conditions 

2070 Climate 
Conditions 

Recharge 

3,910 3,796 4,105 4,443 
Well Pumping 

-1,296 -2,188 -2,188 -2,189
Net Inter-Basin Flow 

-4,024 -1,438 -1,588 -1,743
Net Intra-basin Flow 

-1,544 -998 -1,026 -1,063
Net Surface Water Exchange 

151 259 254 249 
NET ANNUAL CHANGE IN 
GROUNDWATER STORAGE -2,803 -569 -443 -303

Abbreviations: 

Notes:
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1. MODEL DEVELOPMENT OVERVIEW

1.1 Use of Information from SVIHM

This data (model and/or model results) are preliminary or provisional and are subject to revision. 
This model and model results are being provided to meet the need for timely best science. The 
model has not received final approval by the USGS. No warranty, expressed or implied, is made by 
the USGS or the U.S. Government as to the functionality of the model and related material nor 
shall the fact of release constitute any such warranty. The model is provided on the condition that 
neither the USGS nor the U.S. Government shall be held liable for any damages resulting from the 
authorized or unauthorized use of the model.

2. METHODOLOGY AND APPROACH

2.1 Model Source Code

Section 3.1 Attachment 2
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2.2 Discretization

Figure 1

Hydrometrics 2009 & 2019, Section 2.4.2.2

Section 2.4
Section 

2.2.3

2.2.2.1 Historical Simulation

Section 4

provide a quantitative assessment of the historical water budget, starting with the 
most recently available data and extending back a minimum of 10 years, or as is sufficient to calibrate and
reduce the uncertainty of the tools and methods used to estimate and future water budget information 
and future aquifer response to proposed sustainable groundwater management practices over the 
planning and implementation horizon
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2.2.2.2 Projected Simulations

to estimate future baseline conditions of supply, demand, and 
aquifer response to Plan implementation must use 
50 years of historical precipitation, evapotranspiration (ET), and streamflow information as the basis for 
evaluating future conditions under baseline and climate-modified scenarios” 

Section 6.5 Projected Water 
Budget

Layer 1

Layer 2

Layer 3 

Layer 4 

Layer 5 

Layer 6

Layer 7

Layer 8

Section 4.2.2.
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Sections 4 and 5
Table 1

Table 1. Generalized Geologic – Hydrogeologic Relationships

Period/Epoch Geological Unit Principal Aquifers and 
Aquitards

Dune Sand Aquifer

180-Foot Aquifer (1)

400-Foot Aquifer

Deep Aquifers

    Notes: 

Sections 4 and 5
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Stanford/Aqua Geo Frameworks, 2017; Aqua Geo 
Frameworks, 2019

Harding ESE, 2001; GeoSyntec, 2007; GeoSyntec, 2010

Figure 2

Geosyntec, 2007; Yates 2005

Section 4

Figure 3

Section 4

Figure 4-3

Figure 3
Figure 4 Figure 5

Figure 6 Figure 7

Section 4

Section 5

Section 2.1, 
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Section 2.5,

Figure 6 Figure 7.

2.3 Initial Conditions

Geosyntec, 2007
Geosyntec, 2007
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2.4 Boundary Conditions 

Figure 8

Section 2.4.2.3

Sections 4 and

Section 2.4.3
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Northern Boundary (Salinas River / 180-400-Foot Aquifer Subbasin)

Section 2.2.1, 

Section 2.4.3

2.4.2.1.1 Historical Simulation

Figure 9. 

Section 4.3

Figures 6 and 7
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2.4.2.1.2 Projected Simulations

SVBGSA, 2020)

Figure 10.

“Minimum Threshold” (MT)
“Measurable Objective” (MO)
“Seawater Intrusion (SWI) Protective” Section 2.4.2.3

Ibid [6].



Monterey Subbasin Groundwater Flow Model Documentation   

EKI B60094.12 15 January 2022 

2.4.2.2 Southern Boundary (Seaside Subbasin)

Section 2.2.1, 

2.4.2.2.1 Historical Simulation

Hydrometrics, 2009 & 2019

Figure 11. 

Hydrometrics, 2009

Table 1 Section 2.2.3

GSP Section 4



Monterey Subbasin Groundwater Flow Model Documentation   

EKI B60094.12  16 January 2022 

Table 2

Table 2. Mapping of Seaside Model Layers to MBGWFM GHB Cells at the Seaside Boundary

MBGWFM 
GHB Layer

MBGWFM Principal 
Aquifer Unit Seaside Model Layer Seaside Model Aquifer 

Unit

Notes: 
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Figure 12. 

2.4.2.2.2 Projected Simulations

Sections 7 and 8

Figure 11

GSP 
Section 9
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2.4.2.3 Western Boundary (Pacific Ocean)

Section 2.2.1, 

User’s Guide to SEAWAT Guo and Langevin, 
2002

=  

Feeney, 
2003). Aqua Geo 
Frameworks, 2019, Section 5

2.4.2.3.1 Historical Simulation

Guo & Langevin, 2002 h

Feeney, 2003

Table 3



Monterey Subbasin Groundwater Flow Model Documentation   

EKI B60094.12  19 January 2022 

Table 3. Freshwater Equivalent Sea Levels – Historical Simulation

MBGWFM 
GHB Layer

Corresponding Geologic 
Formation from 

Feeney, 2003  

Average 
Offshore 

Distance to 
Seafloor 

Contact (ft)

Average 
Elevation of 
Seafloor – 

Aquifer 
Contact  
(ft msl)

Calculated 
Freshwater 
Equivalent 

Head 
(ft msl)

2.4.2.3.2 Projected Simulations

Section 3.1

SVBGSA, 2020

Baseline Conditions
2030 Climate Change – 
2070 Climate Change 

Table 
3 Table 4

Table 4. Freshwater Equivalent Sea Levels – Projected Simulations

MBGWFM 
GHB Layer

“Baseline” 
Freshwater 
Equivalent 

Head 
(ft msl)

“2030 Climate 
Change” 

Freshwater 
Equivalent Head 

(ft msl)

“2070 Climate 
Change” 

Freshwater 
Equivalent Head 

(ft msl)
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Section 2.4.2.1.2

Table 4

Figure 9

Hydrofocus, 2017)

LSCE, 2006

Section 0

2.4.3.1 Historical Simulation

Figure 
13). 

Figure 9
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2.4.3.2 Projected Simulations

Section 2.2.2.2

2.5 Aquifer Properties

Section 4.3

Figure 14
through Figure 18

Faunt et al., 2009

Figure 14 through Figure 
18

Section 4.2   
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Figure 19
Table 5

Section 
4.3. 

Table 5. Horizontal Hydraulic Conductivity (Kh) Estimates from Pumping Tests

Principal Aquifer Unit

Horizontal Hydraulic Conductivity (Kh), [ft/d]

Minimum Average Maximum
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Figure 19 Table 
6 Section 4.3. 

Table 6. Specific Storage (Ss) Measurements from Pumping Tests

Principal Aquifer Unit

Specific Storage (Ss) [1/ft]

Minimum Average Maximum

Notes: 

Todd, 2016

Section 4.3.

3. STRESSES

3.1 Recharge

MATLAB

Attachment 2. 
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Figure 20 Figure 21
Figure 22

Sections 
3.1.1 and 3.1.2

Parameter-elevation Regressions on 
Independent Slopes Model Figure 23

Figure 24

USDA, 1986

Howes et al., 2015

Figure 24
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3.1.1.1 Climate

3.1.1.2 Land Use  

Figure 25. 

3.1.1.3 Deliveries

Schaff & Wheeler, 2021
Hydrometrics, 2019)

Figure 24

3.1.2.1 Climate

Section 2.4.2.3.2

DWR, 2020

Baseline Conditions – 
2030 Climate Change (Central Tendency) – 
2070 Climate Change (Central Tendency) – 
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Section 2.2.2.2

Figure 26

3.1.2.2 Land Use

AKEL, 2020

Section 3.1.2.3
Figure 27. 

Section 9.4.4., project M1)
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Figure 
27

3.1.2.3 Deliveries

Schaff & Wheeler, 2021)
Table 7

Table 7. Projected MCWD Deliveries

Year Projected 
Demand (AFY)

3.2 Pumping
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Figure 28

Wallace 
Group, 2020)

Schaff & Wheeler, 2021) Table 7

“No-Projects” Scenario – 

“Projects” Scenario – 
Sections 6.5.2 and 9.4.6

Section 9.4.6

Table 8
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Table 8. Projected MCWD Pumping Rates

Year
“No Projects” 

Scenario 
Pumping (AFY)

Recycled / 
Augmented 

Water Supply
Offset (AFY)

“Projects” 
Scenario 

Pumping (AFY)

4. CALIBRATION

4.1 Calibration Approach
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4.2 Calibration Data

Figure 29

4.3 Aquifer Properties

Section 2.5, 

Figure 30
Figure 31

Figure 32 Figure 33 Table 9

Table 9. MBGWFM Calibrated Storage Parameters

MBGWFM 
Layer

Specific Yield 
(Sy) [-] 

Specific Storage 
(Ss) [1/ft]

Section 2.5
Figure 34

Section 2.5
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Freeze & Cherry, 1979

Section 2.5

Section 2.5

4.4 GHB Conductance

Section 2.4.2.2.1

Section 4,

SVBGSA, 2016
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4.5 Streambed Conductance

4.6 Recharge

Appendix 6A Tables 6A-4 through 6A-6).

Figure 35

Ibid [14].
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4.7 Calibration Results

Table 10

Table 10. MBGWFM Calibration Statistics

MBGWFM 
Layer

Water 
Level 
Count

Range in 
Observations 

(ft)

Mean 
Residual 

(ft)

Residual 
Standard 

Deviation (ft)
RMSE (ft) Normalized 

RMSE (%)

ALL 30,354 728.4 -1.3 10.7 10.8 1.5%

10.8 ft -1.3 
ft

1.5%
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Figure 36

Figure 
36

Figure 37

Section 2.2.3

Section 4

Attachment 1.
Figure 29

Section 6
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5. SENSITIVITY ANALYSIS

65

Figure 38. 

Freeze & Cherry, 1979)

Section 2.5.2

Section 3.1)

6. MODEL LIMITATIONS AND SUGGESTED FUTURE REFINEMENTS
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DWR, 2018

Section 4.7

Uncertainty in Simulated Boundary Conditions. Section 2.4.2

Hydrometrics 2009 & 2018

o Lack of Deep Aquifer wells with historical data in the 180/400 Foot Aquifer Subbasin.
Section 2.4.2.1

o Incomplete conceptualization of Principal Aquifer units in the Seaside Basin Groundwater Flow 
Model. Section 2.4.2.2
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o Uncertainty in freshwater equivalent head calculations at the Monterey Coast.
Section 2.4.2.3

Guo & Langevin, 2002)

Uncertainty in Pumping Estimates within the Corral de Tierra (CDT) Management Area.

de minimis

Uncertainty in Deep Aquifer Representation.

Section 5

Lack of Water Level Calibration Data.

Climate Change Uncertainty. Section 3.1.2.1

o “Although it is not possible to predict future hydrology and water use with certainty, the
models, data, and tools provided [by DWR] are considered current best available and,
when used appropriately should provide GSAs with a reasonable of reference for future
planning.”
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o “All models have limitations in their interpretation of the physical system and the types of data 
inputs used and outputs generated, as well as the interpretation of outputs. The climate
models used to generate the climate and hydrologic data for use in water budget development 
were recommended by [the DWR Climate Change Technical Advisory Group] for their
applicability to California water resources planning.”

Uncertainty in Aquifer Parameters. Section 5

Section 4
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Attachment 1. Hydrographs
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Attachment 2. Soil Moisture Budget Accounting Model Documentation
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SOIL MOISTURE BUDGET ACCOUNTING MODEL DOCUMENTATION
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1. INTRODUCTION

1.1 Purpose and Objectives of the Soil Moisture Budget Accounting Model

Appendix 6-B

1.2 SMB Model Background

Section 2

Section 3
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Section 3

Section 3

Section 2

2. PROCESSES INCLUDED IN THE SMB MODEL

2.1 Precipitation

2.2 Interception



Soil Moisture Budget Accounting Model Documentation   

EKI B60094.12  3 January 2022

= max 0 min +

stor capcanopy stor capdepr

= +

2.3 Evaporation from Canopy and Depression Storage

= min( | )

AETc PET

Section 2.8

=

=

=

2.4 Rainfall-Excess Runoff

=

= 1 max 0
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S CN
FC WP SM

SMsat

= 0.2

Ia

> 0 > 0

=

=

RunoffCN

2.5 Applied Water from District Deliveries

)

=

SWapplied
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2.6 Interim Calculations of Soil Moisture, Soil Water Content, Available Water, ET Stress Function, 
and Vegetative Water Demand

SM SWC
AW

= + +  

=

=

ETSF

= max 0 min 1 ( )

= 0.5

VWD

=

=

2.7 Applied Water from Private Groundwater Pumping

= max 0 (

= min( | )
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=

2.8 Evapotranspiration by Vegetation

= max(0| )

= min ( )

= +

2.9 Aerial Recharge

= max 0 min ( )

=

2.10 Saturation Excess Runoff
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= 0 ( )

> 0

=

= 0

=

=

2.11 Soil Moisture Storage

3. INPUT DATASETS

3.1 Grid Data
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3.2 Climate Data

3.3 Deliveries Data

3.4 Other Data

USDA, 1986

Howes et al., 2015

3.5 User-Specified Parameters
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Appendix 6 C
Technical Memorandum: Monterey Subbasin Modeling, dated April 2, 2021 
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