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One option:
Estimate using land surface model
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LAND SURFACE MODEL SCHEMATIC

FORCING DATA: PRECIPITATION, SYSTEM PARAMETERS:
EVAPOTRANSPIRATION, ETC. SOIL, CROP PROPERTIES, ETC.

4 \ 4

SOIL MOISTURE ACCOUNTING
CALCULATIONS
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WHAT IS SENSITIVITY ANALYSIS?

SYSTEM PARAMETERS:
SOIL, CROP PROPERTIES, ETC.
\ 2N

SOIL MOISTURE ACCOUNTING
CALCULATIONS

FORCING DATA: PRECIPITATION,

EVAPOTRANSPIRATION, ETC.
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WHAT IS SENSITIVITY ANALYSIS?

m| ocal sensitivity analysis

If | change one of the parameter values, how
much does the model prediction change?

y o
!J/ MONTGOMERY

& ASSOCIATES



LOCAL SENSITIVITY ANALYSIS

If | change one of the parameter values, how much does the
model prediction change?
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LOCAL SENSITIVITY ANALYSIS

If | change one of the parameter values, how much does the
model prediction change?

A Used for:

e Parameter estimation

* Ranking parameter

/ importance

@

// df(x,) * Linear uncertainty
dx, analysis
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Model, f(x;,X,,...,X,)




WHAT IS SENSITIVITY ANALYSIS?

m| ocal sensitivity analysis

If | change one of the parameter values, how
much does the model prediction change?

mGlobal sensitivity analysis

How much does each parameter contribute
to the model prediction uncertainty?
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GLOBAL SENSITIVITY ANALYSIS

How much does each parameter contribute to the model
prediction uncertainty?

A

p[f(X17X27"'7Xk)]

Model prediction, f(x4,x,,...,X,)

parameter X,
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GLOBAL SENSITIVITY ANALYSIS

How much does each parameter contribute to the model
prediction uncertainty?

A
= Used for:
5  Ranking parameter
s > importance

Model prediction, f(x4,x,,...,X,)

* Fixing unimportant
parameters

parameter X,
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WHAT IS SENSITIVITY ANALYSIS?

m| ocal sensitivity analysis
" Parameters - Model Predictions
" Computationally frugal
" Best when model is linear in the parameters

mGlobal sensitivity analysis
" Parameters - Model Prediction Uncertainty
" Computationally expensive

" Robust over entire parameter space for nonlinear
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CASE STUDY: NORTHERN SACRAMENTO

VALLEY
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CASE STUDY: NORTHERN SACRAMENTO
VALLEY

C2VSIM Subregion 2
DSA 10
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CASE STUDY: NORTHERN SACRAMENTO
VALLEY
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REGION 2 CROP ACREAGE BY SOIL TYPE
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REGION 2 STAND-ALONE IDC MODEL




STAND-ALONE IDC MODEL

Same as C2VSIM

Different from C2VSIM

Crop acreage by soil group
and crop rooting depths

Monthly precipitation and
evapotranspiration

Monthly minimum soil
moisture by crop

Specify additional physical
soil hydraulic parameters
(Ksat1 A! ewp)

Physically-based soil
moisture routing from IDC-
2015

Crop efficiency not specified
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SIMULATED DEEP PERCOLATION SERIES
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SIMULATED DEEP PERCOLATION SERIES
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Note: remainder of presentation

focuses on deep percolation
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SIMULATED AVERAGE MONTHLY DEEP 2
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PARAMETERS OF INTEREST

m Soil properties (for each soil group)
* Field capacity, (6;.)
= Pore size distribution index, (A)
= Saturated (vertical) hydraulic
conductivity, (K,,,), ft/mo

m Crop rooting depths (ft)
= Pasture (rdPA)
= Orchard (rdOR)
= Citrus/Olive (rdSO)

m [rrigation practices
* Minimum soil moisture (f6,,,,), PA
), OR

* Minimum soil moisture (f6,,,,), SO

* Minimum soil moisture (f0,,

9 total

3 total

3 total
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LOCAL SENSITIVITY ANALYSIS
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ABSOLUTE VALUE OF SENSITIVITY
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ABSOLUTE VALUE OF SENSITIVITY
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ABSOLUTE VALUE OF SENSITIVITY

o
©

7
e I
9 -

o
fo's

Pore-size distribution index, -
A, by soil group

1
e
~

Parameter
=
o
(o)}

©
~

o
w

o
(6]
Absolute Value of Normalized Local Sensitivity

bt
N

fo
fo
fo

=
—_

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Month

& MONTGOMERY

. & ASSOCIATES



ABSOLUTE VALUE OF SENSITIVITY
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ABSOLUTE VALUE OF SENSITIVITY
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ABSOLUTE VALUE OF SENSITIVITY
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FIELD CAPACITY
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FIELD CAPACITY
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PORE-SIZE DISTRIBUTION
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PORE-SIZE DISTRIBUTION
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GLOBAL SENSITIVITY ANALYSIS

First-order sensitivity index (aka “FOSI”)

[D. Prediction variance due to x;
D Total prediction variance
. 2
D. _j f(x)f(x,z)dxdz— f,

Estimate by Monte-Carlo integration (Sobol, 2001)
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EFFECT OF PARAMETER UNCERTAINTY
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RESULTS: GLOBAL SENSITIVITY ANALYSIS3
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PORE-SIZE DISTRIBUTION, GROUP B SOILg
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PORE-SIZE DISTRIBUTION, GROUP C SOILg
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HYDRAULIC CONDUCTIVITY, GROUP B SOILS

5.6 < K.z < 56 ft/mo | 03
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SEASONALITY
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LOCAL VS GLOBAL SA RESULTS

Local Global

* Field capacity 6,.. and pore- |+ Pore-size distribution index
size distribution index A Ag; Ac and hydraulic
conductivity K_,, 5

 Most parameter sensitivity  Parameter sensitivity during
during growing season growing season and winter

Results emphasize importance of soil hydraulic properties —
especially 4 — to both monthly DP and variance of DP
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CONCLUDING THOUGHTS

mDeep percolation/groundwater pumping:
critical groundwater budget components

mAdvantages and considerations for using land-
surface model

®Role of sensitivity analysis: where to focus
efforts?
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QUESTIONS”

e Colin P. Kikuchi
Montgomery & Associates
| 1550 East Prince Road, Tucson, AZ, 85719
1 (520)-881-4912
ckikuchi@elmontgomery.com




EXTRA SLIDES
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GLOBAL SENSITIVITY ANALYSIS:

PARAMETERS OF INTEREST

m Soil properties (for each soil group)
* Field capacity, (06;.)
= Pore size distribution index, (A)
= Saturated (vertical) hydraulic

0.20-0.40 | 0.19-0.32 | 0.25-0 .47

0.09-0.42 | 0.08-0.56 [ 0.04-0.41

conductivity, (K.,), ft/mo 5.6 - 56 3.2-32 1.8-18
m Crop rooting depths (ft)

= Pasture (rdPA) 15-925

= Orchard (rdOR) 525 6.75

= Citrus/Olive (rdS0O) ' '

35-45

= |rrigation practices

* Minimum soil moisture (f0_;,), PA 0.15

* Minimum soil moisture (f0_;,), OR 0.15

* Minimum soil moisture (f0_,,), SO 015
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EXTRA - LAMBDA DETAIL

2
% J
eT] - “[ eTJ m=A/ (A + 1)

0.03 | |

Ksat = 2 ft/d Sand
0.025 — 5

0.02

Deep Percolation [ft/d]
o o
[ ] —
- o

0.005

0 0.1 0.2 0.3 0.4 0.5
Pore-Size Distribution Index A [-]

" /74 VIONTGOMERY

- & ASSOCIATES



FOSI [-]
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