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Model Purpose

* To provide distributed precipitation recharge
to groundwater model from 1980 through
2020

Average Annual Recharge
[1980 - 2020]

I - Primary Data Input
| = Model/Data Export
I - Vodel
I - Products
Daily Gridded . R
Climate Data  ENgepigsk e seasonall &
gridMET; tmin, tmax b remapped to
precip., ETr, solar radiation Daily Precipitation ?:;,ﬁ:? avgs) (eI T b d Baseflow Mass Ba!ance
Calibration PRMS Recharge for =) Model Mudelln
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Basin Physical
Characteristics:

-aspect, elevation, area, slope,
vegetation canopy densities, soil

Three simulations:

0nsi 1. Standard-only landcover change
Held constant
throughout 2. Less Dense: landcover change &

19% decrease in canopy density Oregon

type, % impervious, land type: sknulation 3. Least dense: landcover change &

USGS DEM data, duration 28% decrease in canopy density
Risely 2019 model, NHM model

Recharge California

[inches]

B <465
B <304
B <187

Pre-development modifications

* Landcover change: 1880s (Gannet et al. 1887) &
1930s survey of forest resources.
[reparameterization of calibrated parameters
based multiple linear regressions &
soilllandcover groupings.]

-predictor variables: percent wetland, summer
canopy density, elevation, aspect & percent
impervious.

+ Canopy density change : pre-development -1920s
forest inventory on Klamath reservation
(Hagmann et al. 2019); post - project - 2017
LEMMA GNN

<9.8
<2.9
=1 Model Domain

[ upper Klamath basin




Precipitation-Runoff Modeling System (PRMS)

Hydrologic Processes Soil Zone Representation

Evaporation and

transpiration Infiltration

excess Hortonian surface
Throughfall, snowmelt runoff
and upslope Hortonian
surface runoff

Solar radiation
Evaporation
Sublimation Precipitation ! Air lelm perature
1

Saturation
I I Depression excess Dunnian surface
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Preferential-flow reservoir Fast interflow

Evaporation & T T
transpiration H t Snow j Rain ! Rain
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Hortenian runoff
Snow pack

Upslope surface Dunnian runoff

runoff and
interflow Soil zone Interflow

— (see figure 2 for details)

v  Recharge
Groundwater Groundwater
reservoir flow

i
i Groundwater sink

Upslope Dunnian
surface runoff = = = 4 =
and interflow
Capillary reservoir

Gravity reservoir

Slow interflow

Streamflow and |ake routing

Direct recharge Gravity drainage

Modules

* Runoff: srunoff_smidx (non-linear, variable source-area)

e Streamflow: Muskingum (routing model composed of # of stream segments)
e Climate: user-input daily climate for each HRU




Model Extent

Modified Risley '

etal. 2019
PRMS model

Delineated based on calibration strategy

 Phase I: Modified Risley et. al. 2019 PRMS model | gndMETPMSNHM

 Phase Il and lll: Modify gridMET PRMS National
Hydrologic Model _f

%

Legend
D Klamath Basin

Phase 1
Phase 2
Phase 3
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Model Discretization

Crater; \ .
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* Phase | area - all upstream
watersheds that drain into
UKL

« 254 HRUs
* 59 stream segments

California ==

Sprague River basin

Williamson River basin
below the Sprague River
Upper Klamath Lake basin
below the Williamson River
Wood River basin

Upper Klamath Lake basin
below Link River

PRMS HRUs
50 Miles

USGS gage

NFS Phase I model domain




Input Data

* Gridded gridMET
climate data (pr, tmin,
tmax, srad, pet)

* Basin physical
characteristics

Snow interception storage capacity
Summer rain interception storage capacity
Winter rain interception storage capacity
Solar radiation transmission coefficient

Maximum threshold water equivalent for snow
depletion

Soil type
HRU slope
Vegetation cover type

Summer vegetation cover density

Winter vegetation cover density

HRU area

HRU aspect

HRU mean elevation
HRU latitude

HRU longitude

HRU percent impervious

HRU land type

Interception
Interception
Interception

Snow
Snow

Soil zone
Solar Radiation
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface
Surface

Surface

Risley PRMS model
Risley PRMS model
Risley PRMS model
Risley PRMS model

Risley PRMS model

Risley PRMS model
USGS DEM data
Risley PRMS model
Risley PRMS model
Risley PRMS model
USGS DEM data
USGS DEM data
USGS DEM data
USGS DEM data
USGS DEM data
Risley PRMS model
Risley PRMS model




Kiamath
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Model Calibration - Strategy,

Minimize difference between observed & modeled natural 2
streamflow at each basin outflow point

 Calibrated in phases — Sprague basin [1980-2019],
followed by Williamson [1980-2019], then UKL [1980-
2105]

Calibration over entire time period available; no validation
period

Calibrated thousands of spatially-distributed parameters
that help simulate snowpack, runoff, and infiltration
processes for each basin using OSTRICH optimization tools
and the Denali HPC and parallel processing computer —
using streamflow volume & timing objective functions

Nevada

California

Fine tune calibration using SNOTEL data Legend

l:l Sprague River basin
Williamson River basin

below the Sprague River
Upper Klamath Lake basin
below the Williamson River
Wood River basin

Upper Klamath Lake basin
below Link River

PRMS HRUs
USGS gage

NFS Phase I model domain



Model Calibration — Observed Naturalized Streamflow

Monthly consumptive use estimates derived from 2014 Upper Klamath Basin
Comprehensive Agreement — averaged acreage and rates based on 2004 (dry year) & 2006
(wet year). [Same method as Risley et al. 2019 too for their PRMS model.]

Consumptive use/ Total
Diversions

Modoc Point canal
diversion

Consumptive use

Total Diversions

Consumptive use - Wood
River

Consumptive use -
Williamson River below
gage 11502500

Total Diversions

*Modoc Point canal diversions were used for 1981-2008 for the Williamson River Record and for the entire UKL record (as it was moved below the
Williamson gage after 2008).



Model Calibration — UKL Constructed Timeseries

* Q,iinflow = Dissagregated monthly UKL (provided by KBAO) using Williamson River gage
* EVAP, . = estimated using the CRLE model

* ET = estimated using Risley et al. (2019) PRMS model and the 7 HRUs surrounding UKL that are

wetlands
primarily wetlands. Assumed AET was almost equal to PET in wetland areas; during growing season 93% of the

difference between PRMS simulated AET and PET was added back in to the timeseries (Stannard et al. 2013) —
the remainder of the year it was 100%.

* CU = from previous table

* PR, . = area-weighted spatial aggregation of gridMET daily precipitation over the UKL HRU




Model Calibration — UKL Constructed Timeseries

UKL Naturalized Flow 1980 - 1999
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Model Calibration — Model Fit (Streamflow Observations)

1980 - 2019
2000 - 2015
1980 - 2019
2000 - 2015
1980 - 2015
2000 - 2015
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Snow Water Equivalent (inches)

J.... — SNOTEL
4. --- Modeled

Annie Springs

Summer Rim

Sun Pass

\Y[oYo [}
Calibration —
Model Fit
(Show
Observations)

Sprague River basin
\:I Williamson River basin

below the Sprague River

‘ Upper Klamath Lake basin
below the Williamson River

| Wood River basin

[ Upper Klamath Lake basin
L——1 below Link River

PRMS HRUs
®

SNOTEL site

|: model domain

SNOTEL Gages

60 Miles




Parameter Sensitivities

* Each calibrated parameter
changed by * 1,5, and 10% Sprague Basin

* Calculated change to streamflow Jacabian Gradiant

(objective units/parameter units)

timing, volume, and recharge for
each basin (Sprague, Williamson,
and UKL)

* Results display the area-weighted
Jacobian gradient

 Ex. Jacobian gradient units for
streamflow and tmax allrain_offset
are [cfs/ °F]




Uncertainty

* Model choice uncertainty (VIC vs PRMS)

e Discretization & static landcover of PRMS

 Climate dataset uncertainty
* 4 km resolution of gridMET

» Calibration uncertainty
« Development of ‘naturalized’ or constructed streamflow timeseries

* Quantitative uncertainty
* Quantified by comparing recharge estimates from NFS PRMS model, NHM,

and Risley et al. PRMS model .
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Comparison to 2005 Natural Flow Study

* No surface water model — adjusted gaged streamflow using a water
budget method

[natural flow = gaged flow + crop net consumptive use — reclaimed natural marshland net evapotranspiration]

* Pre-development conditions did not account for changes to forest
density or landcover change (except changes to wetland extent).

w )



Natural Flow Representation: Pre-project conditions

Pre-project conditions in the NFS PRMS model simulate: (1) landcover changes, (2) changes in
wetland and irrigated agricultural extents, and (3) forest density changes.

Three Pre-project simulations

Yes - re-parameterized  Only for HRUs that changed to treed
using regressions during pre-project conditions. Density
was based on post-project averages.

Yes - re-parameterized  Decreased the density in all standard
using regressions pre-project treed HRUs by 19%.

Yes - re-parameterized  Decreased the density in all standard
using regressions pre-project treed HRUs by 28%.




Landcover Change
« 1880s Timber Inventory (covered 194 HRUs)

1-grass

3 - trees
3 - trees
3 - trees
3 - trees
3 - trees
2 - shrubs
2 - shrubs

0 - bare soil

| Klamath 1880s Land Cover
| 1 orus water




Landcover Change

For all remaining areas (60 HRUs):

USDA &= The 1930s Survey of
|

Forest Service

e FOF@St Resources in 3 - shrubs

Research Station

Washington and Oregon 3 - trees

2 - shrubs
3 - trees
3 - trees
2 - shrubs
3 - trees
3 - trees
water

3 - trees
2 - shrubs
3 - trees
3 - trees
3 - trees
3 - trees
3 -trees
1-grass
2 - shrubs
3 - trees




Changes in Landcover
Change: Pre- to Post-
project

* 39 out of 254 HRUs changed in landcover

 Physical changes in PRMS model to
represent this landcover change:

» Re-parameterization of calibrated parameters
that help estimate physical processes related to
interception, infiltration, and soil moisture.

* Winter & summer vegetation cover density:
B o to Shrus : assigned based on post-project mean densities
S| I Gcoss to s — : for each landcover in each basin

| Shrubs to Trees

Trees to Grass

Change in Land Cover

Trees to Shrubs

unknown

[ ] PRMS HRUs

[ 1930s Forest Survey Area




Re-parameterization to represent landcover change

« Multiple linear regressions run for seven parameters post-project calibrated values based on
underlying soil type.

* Predictor Variables for each HRU:

> Percent wetland

» Summer Vegetation Canopy Density
> Elevation

» Aspect

> Percent Impervious

 Percent wetland (potential areas of groundwater discharge by
phreatophyte vegetation) determined by:

> Post-project: combination of previously published phreatophyte boundary maps and datasets, digital
elevation model (DEM), gSSURGO soils data (USDA 2017), high resolution aerial imagery of the National
Agriculture Imagery Program (NAIP), Landsat land surface temperature and vegetation indices, and

Oregon Water Resources Department (OWRD) groundwater level data. :
Areas of Potential

Groundwater Discharge

v Pre-Project
[ current Conditions

> Pre-project: scanned plate maps from various sources (Gannett et al. 1887; Lippincott, Murphy, and
Humphreys 1905; Humphreys and Reaburn 1905; Reclamation 1908) were georectified. Boundaries were
modified to make sure that pre-project wetland area covered all post-project wetland area. [ pRMS HRUS




Re-parameterization to represent landcover change

Predictor Variables
Land Parameter
Parameter Intercept
Cover sum denﬂw elevation Mean
% wetlanl:l im denr

slcn.-:rn ef_lin

fastcoet lin —---m
| m— | - | - | - Joss| oo

The methods used to re-parameterize each HRU from o _—- -_- 7.457
current to pre-project conditions were the best __-----
available methods given the lack of pre-project M__-_ 0592
calibration data. However, it is important to note slc Eeffm _—---_-
when looking at the results of these regressions coerin | 0 | W | ow | - ] ] - | - | oss |
that using these calibrated parameters to | shruss _-_
T el e [ o el n=2) _----
attributes in a heterogenous, natural environment M__---_-
is at the limits of what a deterministic, distributed soogwrate | - | v | owa | -] - ] - | - | oz |

1 1 lowcoef | 185
hydrologic modelis capable of: —-—--—-
| - | ma | ooss [0125] ooss |
-_--
-_--_
| soiizgw max | MNA_ | —m

| soog e | MA__ _-_

*The orange to brown highlighting indicates significant regressions with the
darker the color the more significant



Changes to forest density

* Pre-project densities determined by:

» 1920s forest inventory on the Klamath
Reservation (Hagmann et al. 2019)

* Inventoried only conifers greater than 15 cm
dbh

[
tph > 15 cm dbh
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» Post-project densities determined by:

« 2017 Landscape, Ecology, Modeling, Mapping &
Analysis (LEMMA) Gradient Nearest Neighbor
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(GNN) methods. o 8-35 36-55 Ms6-75 M76-120 M 120+ MC PIPO MC PIPO
. . B Excluded & Record not found [ ILAP Not Forest 1914 2012
+ Contains data on trees of all sizes — can
. Fig. 5 a Tree density in 1914-1924 inventory and b 2012 abundance of density classes by PVT and period. MC mixed-
se pa rate It OUt GNN. Breaks in density classes are Sth, 25th, 50th, 75th, 95th, conifer, PIPO ponderosa. (Color figure online)

and > 95th percentiles for tph in 1914-1924. ¢ Relative
*Hagmann et al. 2019 comparison between 1920s forest density and 2012 GNN

« Mean difference for each HRU calculated to determine a reasonable range of winter and
summer density differences.
* 19 to 28% increase in canopy density from pre- to current conditions




Summary

27

Used the PRMS model to simulate distributed precipitation recharge

« Datasets include gridMET climate data, basin physical characteristics, CU, lake evaporation,
wetland extent

 Calibrate 1000s of spatially distributed parameters using optimization software and
minimizing observed and modeled naturalized streamflow in the Sprague, Williamson and
UKL basin outlets.
Improved upon the 2005 Study by:
» Using a hydrologic surface water model to incorporate changes to precipitation recharge
» Representing changes to landcover
» Representing changes to forest density

Natural flow represented by:
* Changing landcover to pre-project conditions & re-parameterizing model
* Modeling decreases in forest density
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