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Models can be repositories of lots of different types

of information.
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The hydrologic system of can be broadly classified into four

subsystems.

Atmosphere

o,
L DBS&A
2
v\ Daniel B. Stephens & Associates, Inc.
®

Surface Water

Groundwater

UCDAVIS
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-7 Graduate Group



Generally only one subsystem is simulated, with various methods

4

for accounting for fluxes from other subsystemes.
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“The stage of the groundwater
reservoir is assumed to be independent
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Hydrologic subsystems can have have length and time scales that

vary over orders of magnltuc e. |
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Integrated hydrologic models simulate two or more
linked subsystems.

Surface-Water and
Groundwater
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Weakly coupled models pass water from one subsystem to 7
another, but only in one direction.

Climate
Model

(Relatively) Simple, l I‘

cheap, and easy!

But... “Cascading” models

...potentially miss
important feedbacks

Groundwater Model

UCDAVIS = tio™

o,
L DBS&A
2
v\ Daniel B. Stephens & Associates, Inc.



Iteratively coupled models solve each subsystem independently,
and water is passed back and forth every timestep.

Surface Water Model :
Increased complexity!

...and computational cost

1 1

...and nonlinearity

Groundwater Model

UCDAVIS « i



Fully coupled models solve all subsystems simultaneously using
a single system of equations.

Detailed representation of
physical processes!

But...

Surface Water,
...computationally very Soil Zone, and

expensive Groundwater Model

...high degree of

parameterization
é:.u\/’ 1Y ir O" i n
\ 7 915,.:5&48(:'9\ UC DAVIS Ejl\i‘l[[{ﬂ[:lﬁl((lns[fliﬁ)CGS




Model development and evaluation should be centered
around the question(s) being asked.

10
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Late-summer streamflow is the primary concern in
the Scott Valley.
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I
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Chinook
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The Scott Valley Integrated Hydrologic Model (SVIHM) is the 12
combination of three models and two types of coupling.

_

Streamflow entering
Upper Watershed Scott Valley

Model (regression model)

U

Recharge and pumping
within the valley __ Weakly

(tipping bucket model) Coupled

Detailed groundwater

Groundwater- levels and streamflow
Surface-Water Model (MODFLOW model) Coupled

UCDAVIS e

Iteratively




Building the model is often the easier part of 13

model development.
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14
Sensitivity analysis and calibration are where modelers often

spend most of their time.

40 50 60

20 T 80
i Iy
10 \\\\\\‘\ /’////,/ 90

\ /
O "/, 100
o v

Simple “black box” model
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Parameters (model input) that change model outputs when 15
perturbed are considered sensitive.

1 2 P3
© + & + |6 =

I @ + @ + @ = Less Sensitive
6 + I ) + & = Very Sensitive
@ + @ +I @ = Not Sensitive

Ful, DBS&A  *** Adjust by same amount or percent™**

UCDAVIS i



Relatively simple integrated models can have a large
number of parameters that need to be evaluated.
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Integrated groundwater-surface-water models tend to have a 17
high degree of nonlinearity.

—|inear
—=nonlinear
—highly nonlinear

F(x)

Streamflow and depth
depend on groundwater
levels

Groundwater levels depend
on streamflow and depth

\»\ D BS & A UC D AVIs Hydrologic Sciences
a""%ﬁ% Daniel B. Stephens & Associates, Inc. Graduate GI’OUD




Soil-Water Budget Model (SWBM) parameters are 18
most sensitive in SVIHM.
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Low flow (<100 cfs) observations contribute the most 19

information about SVIHM parameters.
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5 Minute Question Break

Coming Up

Model Calibration
Uncertainty Analysis
Integrated Hydrologic Model Applications

UCDAVIS i



Values of model parameters are often poorly known early in 21

model development, and are estimated using available data.

Observed Value = 75
”Inverse” mOdenng Simulated Value = 72

UCDAVIS ey g
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Model results that do not agree with observations can identify 23
problems with your conceptual model.

Initial Results

(WY 1991-2011) Scott Valley Three Year Alfalfa Study
e | T RS vieston pumping Recharge (2012-2014)
Injyr 2012 Field 1 Field 2 Field 3
zlfa.lfa 42.0 40.1 33.1 41 | 290 | 146 JET 30.8 78 9 8.7
o | a0 me w7 me  so  wa | fomilie g i89 2Ll 223
2013 | Fieldl | Field2 | Fieldd
ET/Nolrr 11.2 10.8 0.0 0.0 0.0 10.8 378 30.4 35 4
noET/nolrr 0.0 0.0 0.0 0.0 0.0 21.5
cogha et al 2013 Ram + lrrig. 32 3 27.0 28.5
2014 | Field1 | Field2 | Field4 |
32.9 28.0 29.1
Alfalfa ~ 14,000 acres Ram + Irrig. 29.5 26.1 22.5

(~50% of irrigated land in Scott Valley)

I Orloff et al. (2017)

I Average aET ~ 31 in/yr

I Average Rain + GW Irrigation ~ 26 in/yr I

‘Where is the additional ~5 in/yr of water coming from? ‘
\», Hydrologic Sciences
S 3 DDIQMIS&A&:‘A UC DAVIS Graduate Group




Soil moisture profiles of alfalfa fields continuously dry out during the 24
growing season which limits groundwater recharge.

Seasonal Soil Moisture Levels Seasonal Soil Moisture Levels
Scott Valley, 2012 (Grower A) Scott Valley, 2012 (Grower G)
250 Third Cutting Third Cutting
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Incorporating deficit irrigation on alfalfa fields improves agreement

25

between simulated values and observations.

pET akT Applied SW GW GW
Landuse Water Irrigation Pumping Recharge
In/yr
Alfalfa 42.0 40.1 33.1 4.1 I 29.0 I |14.6 I
Grain 16.2 16.1 14.1 2.1 11.9 18.4
Pasture 40.0 33.9 29.7 20.8 9.0 17.2
ET/Nolrr 11.2 10.8 0.0 0.0 0.0 10.8
noET/nolrr 0.0 0.0 0.0 0.0 0.0 21.5
Foglia et al. (2013a)
Calibrated Results
(WY 1991-2011)
pET akT Applied SW GW GW
Water Irrigation Pumping Recharge
Landuse
In/yr /
Alfalfa 39.2 36.8 21.5 2.8
Grain 16.1 16.1 10.3 1.6 8.7 10.6
Pasture 38.2 34.8 26.0 20.5 5.5 11.6
ET/Nolrr 14.0 11.0 0.0 0.0 0.0 10.8
noET/nolrr 0.0 0.0 0.0 0.0 0.0 21.6

Average GW Irrigation ~ 21 in/yr ‘

Orloff et al. (2017)

35% reduction in GW irrigation
57% reduction in GW recharge

Foglia et al. (2018) Hydrologic Sciences

Graduate Group

UCDAVIS



Numerical models will never match the real-world perfectly, so we look 26

for models that are “good enough” to answer our key questions.

Real World

k DBS&A UC D AVIs 2 Hydrologic Sciences
0\\%' Daniel B. Stephens & Associates, Inc. ¥ Graduate Gruup




Simulated streamflow and groundwater elevations in SVIHM 27
show strong agreement with observations.

1e+08 =

1e+07 =

Streamflow (m3 d_1)

= Observed =— Run1 — Run2 — Run3 =— Run4 =— Runb5

1 e+03 T T T T T T T T T T
Oct-90 Oct-92 Oct-94 Oct-96 Oct-98 Oct-00 Oct-02 Oct-04 Oct-086 Oct-08 Oct-10

Tolley et al. (2019)
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Simulated streamflow and groundwater elevations in SVIHM

show strong agreement with observations.
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Stream-Aquifer Flux
, 29

Well-calibrated models can provide a lot e |
of information about system behavior.

Confluence 40 48

| Log Flux

434 ‘
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1 T 4
. . 49 o
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30
Uncertainty analysis is an important but often overlooked step

during model evaluation.

40 50 60 70

20 \\\\\n\unlnuh,,,/ 80
\

10 \\ 1/, 90

o & ", 100 : = Observation error

Measured Value = 75
Simulated Value = 72

P1 P2
/@ ) * @ T Structural error

auaes  UCDAVIS | L™



https://ral.ucar.edu/

There are many ways to evaluate model parameter uncertainty. 31

Linear 95% confidence intervals calculated by UCODE
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There are many ways to evaluate model parameter uncertainty. 32

Uncorrelated Random Parameter Sets Correlated Random Parameter Sets

" M o Al
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Model(er)s can provide a range of predicted values that 33
incorporate uncertainty about parameters, model structure.

MAR - Method 1 MAR - Method 2
- Uncorrelated Random Parameter Sets Correlated Random Parameter Sets
Upper 95t

k4= percentile \ i

E4 = =
> Managed Aquifer

Recharge (MAR)
from Jan-Mar

Median streamflow increase
AE4 =

Lower 95t
percentile

October
streamflow
differences

Streamflow Difference (m3/day)

Tolley et al. (in preparation)
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Weakly coupled integrated models (e.g., SVIHM) can properly and 34
efficiently reproduce observed groundwater-surface-water interactions.

August September October
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at valley outlet (USGS gage)

~ Wet Year (2003)
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