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n the . prev:ous ‘RlverWare User Grou\a
/I//eez‘/ng 'Reclamation h|gh\\ghted some

roadblocks on the Klamath Natura\ \:\Q\N
Study. The current epvsode recaps \‘(\e

context and modehng approach and ’ioc\xses
on the resolut:ons to the road‘o\oc\«s a(\c&_‘

pmgress made towards a f\na\ so\u\\m\....
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Slnce thls is. the thlrd tlme you re hearmg about thls'
project, we flgured a new theme would make ‘
-everythlng better ' e Ve

In this presentat~ion”we e o T
(1) recap the conte:;tfj“*'?“,f,jellng appreach and Ty

| :(2) focus on the resolutions to the roadblocks and

prOQress made towards a fmal solutlon




Context

Klamath River

» Often described as an upside-down
watershed: upper portions are flat and
heavily populated; lower portions are
mountainous and forested

* Home to six federally recognized tribes

* Frequent Endangered Species Act (ESA)
consultations for Klamath Project

« 1988 ESA listing of Lost River Sucker
and Shortnose Sucker as endangered

» 1997 ESA listing of SONCC Coho Salmon as

threatened species

Shortnose Sucker
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Context

Klamath River

 Native American tribes led successful
effort to remove four dams from
Klamath River (Copco 2 shown to right)

 Removal of these four dams restores
access to approximately 400 sq mi of
habitat for Salmon and other native
species

* While not Reclamation dams,
Reclamation has been tasked with
seeking to understand the natural flow
regime of the Klamath River prior to

major development around 1900

Former Copco Reservoir at Beaver Creek, May 2024. (RES)



Context

Klamath Revised Natural Flow Study

* Purpose =D
* Estimate daily natural flows at 2
chosen locations in the
Klamath River basin, removing
the significant effects of
human development

 Use of RiverWare
* Integrates outputs from
process models that simulate:

» 1981-2020 conditions and
+ pre-development conditions




Modeling Approach

Modeling Pipeline

Python/R Script
Pre-Processing

g

EQIVETIdIrE

Data Import using

,
Control File DMls

File  Edit

d »

Group DMI  Utilities

= X 2R @

B4 owmi Manager — ] X

=]

>

Fa
DMIs and Groups

Em Modeled Data
Em Observed Data

agriculture_data
blm_data
cdec_data
estimated_data
fivs_data
gma_data
groundwater_data

hydraulics_data

HEEHEEEEEE

hydromet_data

Run configuration and execution with
iterative multiple run management

(rl Multiple Run Control = O

| File View Configuration Group

Multiple Run Configurations

X

=]

Configuration Name
|@' lterative With Scripts

Two-step simulation process

+ 3

@ Save Initial State X Initial State

=] il O

Init Pause Stop

l Model State

| -
| Start

Run Status

1 0%

Execution State: Loaded
l Current Timestep: September 30, 1980

RiverSMART used

" to handle sensitivity

analyses




Modeling Approach

Two-step simulation process

Bd MRM Configuration - Iterative With Scripts — 0O X

* [terative MRM with pre-run

Configuration

and post-run rules ek e~

° o _ o Description Qutput  Iterative Runs
 Rules Initiate pre-run and |
I I I Pre-Run Rules Rule Index
Add B Pre-RunRule 1

post-run scripts depending
on run number
- Run 1: 1981-2020
* Run 2: Pre-Development ==

Post-Run Rules Rule

“It may not look like much, but it’s got it | DR RnRie @ contrus At Ao

O Before First Run Open Iterative MRM Rules Set

where it counts, kid.” — Han Solo O beorotachun

OK Apply Reset Cancel




Modeling Approach

Two-step simulation process

Pd Script Dashboard: 1981-2020: Pre-Process = O X

 Run 1: 1981-2020 > Fe =" ® B

| 1981-2020: Pre-Process
» Pre-run rule script configures model |

Set RunConfig

Set 1981-2020 Conditions Flag = 1

Reset Slots

Set "1981 2020" slots with "acre-feet” units to NaN

Set "1981_2020" slots with "feet" units to NaN

Set 1981 2020" slots with "cfs" units to NaN

Clear all ACAP tables

Adjust Object Methods

Set Inflow Reach Methods

Set Local Inflow Reach Methods

Enable 1981 2020 Reservoirs

Set PRE Reservoirs Spill Method (except Lower Klamath Lake, Klamath Marsh, Lake Ewauna)
Set UKL Time Varying Elevation-Volume Table

Set UKL Time Varying Elevation-Area Table

- Set flag

—

—

Reset slots

Configures
objects for
1981-2020
(e.g., enable
reservoirs)



Modeling Approach

Two-step simulation process oty
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e Run 1: 1981-2020

» Pre-run rule script configures model

» Begins with gage data ‘ Open Water
* Incorporates process model output (e.g., net diversions, Evaporation

gain from groundwater, etc.) to solve upstream
» Solves for local inflow and headwater inflow

Q
<
%
(Vp)

Consumptive Use /
Evapotranspiration

Output: }
inflow/local inflow
1981-2020 @
model output - Agricultural
solve upstream ) @ Processes
process
input: models Groundwater

gage data ~ad} Y Hydrology




Modeling Approach

Two-step simulation process

® Ru N 'I : 'I 98’] _2020 B4 script Dash-board: 1981-2-026: Post-Process - = O X

. . | ® File  Edit M@ @+
» Pre-run rule script configures model
. . 1981-2020: Post-Process
» Begins with gage data
. . Evaluate Computed Inflow Slots

* Incorporates process model output (e.g., net diversions, |

gain from groundwater, etc.) to solve upstream |
» Solves for local inflow and headwater inflow
» Post-run rule copies timeseries to data for later use

Results 1981 2020 Expression Slots

output:
inflow/local inflow
1981-2020 {‘6:}
model output
solve upstream < @
process
input: models

gage data




Modeling Approach

Two-step simulation process

e Run 1: 1981-2020

* Pre-run rule script configures model
 Begins with gage data

 Incorporates process model output (e.g., net diversions,

gain from groundwater, etc.) to solve upstream

« Solves for local inflow and headwater inflow

» Post-run rule copies timeseries to data for later use

output:
inflow/local inflow
1981-2020
model output
solve upstream <
input:
gage data

@@

process
models

[

File  Edit

Run 2: Pre-Development
* Pre-run rule script configures model

B4 script Dashboard: Pre-Development: Pre-Process — O

Pre-Development: Pre-Process

® &~

Set RunConfig

(<]

Set 1981-2020 Conditions Flag = 0
Reset Slots
Set "PRE" slots with "acre-feet" units to NaN
Set "PRE" slots with "feet" units to NaN
Set "PRE" slots with "cfs" units to NaN
Clear all ACAP tables
Adjust Object Methods
Set Inflow Reach Methods
Set Local Inflow Reach Methods
Disable 1981_2020 reservoirs
Set PRE Reservoirs Spill Method (except Lower Klamath Lake, Klamath Marsh, and
Lake Ewauna)
Set UKL to Single Elevation-Volume Table
Set UKL to Single Elevation-Area Table

T Set flag

~Reset slots

Configures
objects for

_ pre-
development
(e.g., disable
reservoirs)




Modeling Approach

Two-step simulation process °

e Run 1: 1981-2020

Pre-run rule script configures model
Begins with gage data

Incorporates process model output (e.g., net diversions,
gain from groundwater, etc.) to solve upstream

Solves for local inflow and headwater inflow
Post-run rule copies timeseries to data for later use

P4 script Dashboard: Pre-Development: Post-Process — O X
| #>  File Edit

Pre-Development: Post-Process

Results PRE Expression Slots

Run 2: Pre-Development
* Pre-run rule script configures model

» Begins with local inflow and headwater inflow

* Incorporates process model output (e.g., wetland ET,
gain from groundwater, etc.) to solve downstream

« Estimates natural flow throughout model
e Post-run rule saves natural flow results

output: - input:
inflow/local inflow ] inflow/local inflow
1981-2020 @ .
model output Pre-development
solve upstream < {:O} model output solve downstream
process
input: models output:
gage data natural flow



2025 Roadblocks & Resolutions

» Script-based modeling approach [¥]David helped develop iterative MRM
not compatible with RiverSMART “This is the way” — Mandalorian

» Dynamic reservoir characteristics [V]Existing RiverWare capabilities

“Always with you,

» Variable reach routing [X]No solution itcannot be done.” = Yoda
* Klamath Marsh [v]Remote-sensing and statistics

* Missing gage records [VIK-fold cross-validation solution

* Process model uncertainty [VIRiverSMART study solution

o7

15



2025 Roadblocks & Resolutions

Iterative MRM with pre-run and post-run scripts (presented)

Surface Area Modification and Sediment Methods

Time-Lag is the only method
for solving upstream

 Klamath Marsh
« Missing gage records
 Process model uncertainty

Remote-sensing and statistics
K-fold cross-validation solution
RiverSMART study solution

KIRIE]

We’ll focus on the resolutions
to these three roadblocks



Roadblock & Resolutions

Klamath Marsh

“Do. Or do not. There is no try.” — Yoda

 Klamath Marsh attenuates and stores
water, but is not a typical lake or
reservoir. There is limited information
to represent it as a Storage Reservoir

» 2025 Expected Solution: using
Google Earth Engine (GEE) to process
aerial imagery to reconstruct historical
open water area; potentially
representing marshes as storage
eservoirs

Google Earth Engine




Roadblock & Resolutions

Klamath Marsh

DSWE Area Definitions ~ Marsh Spatial Extents
. SWE 1 luded
[VIGEE scripts used to develop  Bowirr— o Upper Pl amath Marsh
. . ama

Elevation-area and Elevation- Birs—o | xeuded \tarsh
storage relationships.
[X]Not enough data to fill missing

reco rd S Area calculations are a combination of the Middle (e

) Marsh Spatial Extents and DSWE Area Klamath
Definition being used. For example: Marsh &

- Lower Klamath Marsh “DSWE 1+2”
would include only water — high
confidence (dark blue) and water —
moderate confidence (light blue) cells
within the Lower Klamath Marsh
polygon (201d).

- Full Klamath Marsh “Area 4” would
include all four DSWE classifications

and exclude the “not water” cells (grey)
throughout the full marsh (red dash)

Lower
Klamath
Marsh




(a)
Roadblock & Resolutions 4514 -

] F g
Klamath Marsh Fon - J“WMWW“NW
[V]GEE scripts used to develop

Elevation-Area and Elevation-
Storage relationships.
Not enough data to fill missing — Observed ey

== Estimated Elev using Selected Model (R=0.97|NSE=0.91)

d Estimated Elev using Alternative Model
reCO r S . Estimated Elev initialized with Alt. Model (R=0.72|NSE=0.52)

Elevation (feet)
N
(O3]
=
N

1984 1988 1992 1996 2000 2004 2008 2012 2016 2020

[v] Two regression approaches o (c)
taken to complete record:
* (a) Multiple Linear Regression g, g,
used to estimate marsh 2 ot 2 o
elevations from outflow and i N ,
previous elevation R Estimatesms;_'og;) ol L Estimatesms;_o .

= QObserved Elevation

* (b & ¢) Drawdowns estimated —— Observed Elevation

using available variables

1992
1996
2000 4
2004
2008
2012
2016
2020 A
2024

1992
1996
2000 A
2004
2008
2012
2016 A
2020
2024



Roadblocks & Resolutions

Missing Gage Records

* Many gages have short records
or have missing records

« 2025 Expected Solution: use
machine learning (ML)
techniques to estimate missing
records

“I find your lack of flow disturbing”
— Darth Vader




Roadblocks & Resolutions

Missing Gage Records

11504115 Wood River near Klamath Agency OR

—— Observed: owrd.flow.Wood River below Crooked Creek

Tra i n i n g a n M L m Od eI to p red ict —— Observed 2: gma.flow.Wood River below Crooked Creek

- Estimated:est.flow.Wood River below Crooked Creek

flow didn't make sense with the e
ongoing surface water modeling 500 b
component of the study 356290 vt o e Ko ey
[V]A k-fold cross-validation — Obcaed 2 T Obseid Svenmie roka ke
framework for testing multiple —
regression types was used: 1
N

° MOVE1: ﬂl’St- and second—order 1984 1988 1992 1996 2000 2004 2008 2012 2016 2020
polynomials, quantile-quantile
mapping

 Surface water modeling estimates
also considered in rank selection




Roadblocks & Resolutions

Process Model Uncertainty

* Initial conditions and process
models have uncertainty that
needs to be carried into the
uncertainty of natural flow
estimates

« 2025 Expected Solution: use
RiverSMART to run a study that
iterates through sensitivity

output from Process models 1980 1985 1990 1995 2000 2005 2010 2015 2020

“These aren’t the natural flows you’re looking for.” — Obi-Wan

22



Roadblocks & Resolutions

Process Model Uncertainty

[V|RiverSMART is designed for
this exact purpose!

L Klamath Marsh ACAP Sensitivity
Groundwater Sensitivity

DMI DMI DMI
DMI gwhigh

gwlow

gwbest kmlow kmbest kmhigh

Exchange Rates Sensitivity

Ag/ET Sensitivity

DMI

Need to update ag script DMI
- acre-feet
- uncertainty runs

DMI exhighT

exhighn

Evaporation Sensitivity DMI DMI

exlown

DMI [ DMT | | DMT

exlowT

—

1980 1985 1990 1995 2000 2005 2010 2015 2020

eviow evbest  evhigh

RDF

low, best, high DLEM RiverWare 9.6.2 output.rdf

Lake Initial Conditt

d
’ MRM MODEL
DMI DMI
OMT Iterative With Scripts KNFS

initmin  jnitbest  initmax




p I

As  we continue  to seek ‘{
understand the natura\ ﬂow reg\me
of the Klamath Rlver next steps are.

- Finalize documentauon of mode\ e
Awalt process mode\ f\na\ resu\\s 3
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