Utah Water Research Laboratory

|_.'|. [
1'E UtahStateUniversity

QJ
N

Bridging Hydrologic Models and Water
Management: The Extended Hydrofabric
Framework

Ehsan Ebrahimi?, Pin Shuai', Enrique Triana?, Sophia Bakar?

1 Utah Water Research Laboratory, Utah State University
2 RTI International

-
i N,

PR l ~USGS

S OH science far a changing warld g %

EEEEEEEEEE i(, =

0 &
%D“'*-‘Mim m‘-t‘#‘




BN S-S
Water Resources Analysis in Managed Basins

Reservoir operations
Diversions

Water rights
Inter-basin transfers

Human activities

i

National Water Model (NWM)

o EX|St|ng_Iarge-scaIe hydrologic National Hydrologic Model (NHM)
[ models inadequately represent Major limitation: Lack of standardized water
management processes management infrastructure and operational
datasets
Fragmented

7 C t Kl Project-specific
\ 4) urrent Workrtows Difficult to reproduce

Time Consuming
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Research Objectives

Reference Hydrofabric Extended Hydrofabric
i {
- Extended Hydrofabric : x \ ~ . 8
* Reference hydrofabric N S \J\_ ______ EEEES
« Reservoirs / | Water Rights
 Diversions | ! \r\rm

« Water rights

Legend
Nodes M Diversion Points and Water Demands

° Co ﬁllng Hydr0|og|c MOdeIS Wlth [ — Hydrofabric segments A Reservoirs

. Hydrologlc Model: natural flows simulation
« WMM: human operations
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Automated Workflow for Building the

Extended Hydrofabric

* Inputs ?pm

» Reference Hydrofabric

+ WaDE (Water Data Exchange Program) ,| Preparing Diversion/Reservoir
. ReSOpSUS WaDE Data Table
« GRanD (Global Reservoir and Dam Database) @
 Diversion datasets cRanb
h 4
° Workflow Cllcf:king Existing > Extracting POIs in the Area of
D h Points/Features Interest
« Data harmonization
. . ¥ ¥
° Spat|a| ||n kage Linking New Points to the Fabric Generating the Blank Database -
o COMID aSS|gnment Segment "comid"s According to the Schema
» Relational database population v L
° Geopackage generation Bund]ingglt;ll:l:::;;;idrarahric Populating the Database € @
* Outputs : WMM-ready datasets >
» Extended Hydrofabric
v ¥

* Relational database o
/Extcndcdllydrnfahric/m/ Relational Database /




Spatial Linkage of Water Management Infrastructure

POD Matching . .
Strategy Reservoir Matching

* Ensure hydrologic * Tiered algorithm: * Prioritize LakePond
consistency « GNIS ID match segments
* Preserve topology « Stream name * GNIS name
- Enable automated match normalization
iIntegration « Stream-order » Distance-based
fallback (=3) match

- Manual QA flagging
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Relational Database Supporting Water

Management Modeling

* Direct linkage between:

« Spatial topology
: POI_VALUES
» Operational data R — S

0.* DATA_VALUE 0. POI_TYPE_NAME
0-* POI_TYPE_SOURCE

« Administrative records oo AT

POL_ID (FK)
VARIABLE_ID (FK)

POD_WATER_RIGHTS

POD_WATER_RIGHTS_ID (PK)
POI_ID (FK)
SITE_NAME

0.» WATER_RIGHT_ID

1.1
1 . POI_LAT 3.1
¢ e n e I S [ ] POI_LON 0. ALLOCATION_CFS

(ETPRECIP | POI_NATIVE_ID RULE_CURVES ALLOCATION_DATE

POL_ID (PK)

POI_TYPE_ID (FK)

ET_PRECIP_ID (PK)

I i i USE_TYPE
- Standardized Data Organization | couwe oW conD (SSRGS
one :OR(E:(/:\T-I;/:II::;ME 0.* TARGET_STORAGE_VALUE SOURCE_ID
« Scalability o B
Ca a I I POLID (FK) 1.4 VARIABLE_ID (PK) LOCAL_DATE_TIME

VARIABLE_ID (FK| VARIABLE_NAME GOlEEtE PK = Primary K:;:.g;};‘: Foreign Key
Re p rOd U Cl bl I |ty & AU tOm atl O n 0.x | - UNIT : | - IR [1..1 = One-tO-oné (Mandatory) J
1.1 0..* = Zero-to-many (Optional)
Efficient Querying & Retrieval
Interoperability




Implementation Results for
the UCRB

Reservoir

Infrastructure POD Linkage

Integrated

Linkage

1,318 « 82% GNIS ID » 78% direct
diversion match match
points * 10% GNIS * 100%

» 37 reservoirs name match connection

. 8% fallback validated
linkage
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Implementation Results for the -
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/ = [¥) MODSIM Network
=l [¥] Reservoir Nodes
321058 >

= V] Demand Nodes

= ¥ Sink Nodes
Ht O

e @ NonStorage Nodes

MODSIM model Input Flows 3 L :

» Colorado River * Flow network * Integrated NHM- . Fa— | . ,
Headwaters topology PRMS | PR - T !
(HUC4Z 1401) e Reservoir nodes hydl’0|0giC model ] v

+ Diversion nodes outputs oy AT

» Operational
parameterization ' 7 5y AN |

MODSIM model constructed using Extended Hydrofabric
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Coupled Model: Initial Results

Watershed Outlet Gage: 09163500

MODSIM Reservoir/Routing
NSE=0.57, RMSE=7450.42

MODSIM + Reservoir Operations show sonno | — 0serves
improvements compared to the NHM- )\
b

PRMS model with HRU parameters bl | Lo )\
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NHM-Calibrated (byHRU)
NSE=0.31, RMSE=9443.65

Performance is close to the NHM-PRMS
fully calibrated with gage observations R R
NHM-Calibrated (byHWobs)
NSE=0.65, RMSE=6749.89
More testing and calibration to improve 500001 ___ N catbrated bytWobs
the (WMM) performance 3

Date



Coupled Model: Initial Resaults

Gage-level Performance of MODSIM and NHM models

—— Reference flowline
Reservoirs
® Selected gages
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(C) OpenStreetMap contributors (C) CARTO
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ldentified Challenges and Remaining Limitations

Data « Water management data are maintained by multiple

= agencies
Heterogenelty « Cross-state integration required extensive
Across States harmonization workflows

« Many diversion records lacked:

I ncom plete an d  persistent identifiers

|nc0nSiste nt * consistent stream naming

 This required heuristic fallback approaches during
Metadata spatial linkage.
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Conclusions

Developed scalable Extended Hydrofabric framework
Standardized integration of water management infrastructure
Demonstrated MODSIM construction

Piloting a WMM and hydrologic model coupling

Established foundation for coupled hydrologic-management modeling across CONUS
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Questions?

Open Access

Publication Data Product

uwrl.usu.edu
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