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Workshop Outline

e Introduction

* Project background and objectives
 TEEHR-Cloud

* Exploring the Dashboards CIROH Slack channel #teehr

* Data Availability Workshop materials:
* Retrospective Simulations https://github.com/RTlInternational/teehr-devcon26-workshop

* Forecast Analysis
* Interactive analysis

* Querying the data warehouse
* Incorporating local data



Project Background

* RTl was engaged through CIROH to research, design, and develop a
novel, flexible and scalable hydrologic evaluation system to support
research and testing of potential forecast system advancements...the
evaluation system would be a key factor in CIROH'’s ability to execute
research that leads to operational improvements in the quality and
use of hydrologic forecasts for public benefit and decision-making.

* The work presented herein is the result of two CIROH projects:
* Integrated Evaluation System Prototype for Testing Research and Operational
Advancements.

 Expansion of the CIROH Evaluation System to Accelerate Research to
Operations.
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Project Background
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Project Background

You may need to
consider:

Magnitude
Timing
Volume

Single event or long period
of record

High flow periods
Low flow periods
Seasons

By Geographic Region

This will require more
tools:

* Error statistics

« Skill scores

« Categorical metrics

* Hydrologic signatures
 Uncertainty quantification
e Graphical methods

* Some new emergent method...

And ultimately you
want to understand:

* What are the drivers?
* Climate

* Time-period

* Regulation

 Basin characteristics
* Forcings

* Model selection

e Andsoon...



Project Background

These are the challenges TEEHR is desighed
to address!

* Data access and storage

 Dataintegrity and consistency

* TJools for metrics and analysis

 Scalability and compute resources

* Ways to share methods, data, and results
with the community



A Tale of Two TEEHRSs

* Tools for Exploratory Evaluation in Hydrologic Research (TEEHR) is an
opinionated Python framework for fetching, loading, storing, and processing
large amounts hydrologic simulation data for the purpose of exploring and
evaluating the datasets to assess their skill and performance.

 Aimed at researchers, developers and scientists who need flexible, customizable tools
to explore and assess hydrologic simulation data.

* TEEHR Evaluation System (TEEHR Cloud) is a cloud-based Evaluation
Platform that leverages TEEHR to support standardized evaluations and
provide “evaluation-ready” datasets and dashboards (and analytics
capabilities).

* Aimed more at agencies, decision-makers, operational forecasters, and modelers who
need accessible, automated evaluation tools without deep technical customization.
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TEEHR Cloud

 Facilitate the evaluation of model and
forecasting improvements

Data

e Scalar time series evaluation Warehouse

« Continuous simulation (retrospective)
» Deterministic forecasting
» Ensemble forecasting

« Growing list of additional
users/projects.

Cloud-based Services

Enable standardized continental-scale
[ ]
- = T E E H R hydrologic model evaluations e

Tools for Exploratory Evaluation in Hydrologic Res 12
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The TEEHR Python Package TEEHR

. . Tools for Exploratory Evaluation in Hydrologic Research
pip install teehr

Fetching & Data Validation & Analytics Results
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The TEEHR Data Warehouse

Data
Warehouse

“Iceberg is a high-performance format for huge analytic tables.”

Iceberg Catalog

Key Iceberg Features:

* Optimized for huge data (Petabytes)
* Separates storage from compute

* Time travel

* Schema evolution

* Hidden partitioning

* REST catalog

dbl.tablel
current metadata pointer

> . datase': ICEBERG ___________________________________________________________________

metadata layer
> . attributes u

> . configurations

metadata file

metadata file

Current Warehouse Contents:
* “Evaluation Ready Data” Amazon S3
* Historical simulations
* NWM v3.0 hourly 40 yr retrospective
* Corresponding USGS hourly streamflow
* MAP processed to the corresponding USGS
basins

. manifest
» . location_crosswalks

) . locations

manifest manifest manifest

> . primary_timeseries

file file
> . secondary_timeseries . * Real-time forecasts
s [l s data layer * NWM Short and medium range
% 4% * NRDS CFE short and medium range
> . variables "// '// .
Parquet Parquet Parquet b NRDS LSTM ShOI’t and med'um I’ange

* NWS RFC Forecasts
* Corresponding USGS gage data

| C EBE RGU Apache Iceberg™ * ~50 location attributes (slope, % impervious, ...)

image source: https://iceberg.apache.org/spec/#goals



Cloud
Services

The Cloud-based Services
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Dashboard

Runs

Deployments
Work Pools
Blocks
Variables
Automations
Event Feed

Concurrency

Flows
7 Flows Q Flow names H All tags s H AtoZ °
. Name Last run Next run Deployments Activity

ingest-datastream-forecasts
Created 2826/82/22 89:39:37 PM

ingest-datastream-forecasts

[ enthusiastic-swan

4 Deployments

ingest-nwm-streamflow-forecasts

Created 20826/082/22 89:39:31 PM

[*] ingest-nwm-streamflow-forecasts

= quixotic-barnacle

2 Deployments

ingest-nwps-rfc-forecasts

M ingest-nwps-rfc-forecasts E ingest-nwps-rfc-forecasts 1 Deployment
_' Created 2826/82/22 89:39:38 PM

—  ingest-usgs-streamflow-obs - . ]

™ [*] ingest-usgs-streamflow-obs £ ingenious-ferret 1 Deployment
_' Created 2826/82/22 89:39:26 PM

O routine-table-maintenance 5 delightful-woodlouse e
_' Created 2826/82/22 89:39:39 PH

i update-forecast-metrics-table [%) update-forecast-metrics-table [ defiant-jaybird 1 Deployment
"~ Created 2026/82/22 89:39:39 P

i update-joined-forecast-table update-joined-forecast-table = unnatural-shrimp 1 Deployment

Created 2026/82/22 89:39:3% PH
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TEEHR Dashboards

TEEHR Dashboard Hub

Tools for Exploratory Evaluation in Hydrologic Research. Choose from our collection of specialized

dashboards for hydrologic data analysis.

* Application-specific evaluation

dashboards

* Retrospective model
comparisons

* Deterministic flood forecasting

* Ensemble water supply
forecasting

 Forecast Informed Reservoir
Operations (FIRO)

* Flash Flood Forecasts
* Low Flow Forecasts

* Reservoir Operations
e efc.

Available Dashboards

a Availability Retrospective Simulations Forecast Analysis

Explore contents of the data warehouse spatially
and temporally.

Features:

« Data summaries by model configuration
* Data summaries by location

+ Completeness analysis of timeseries data

Open Dashboard

Coming Soon

Evaluate multiple historical simulations compared to

a baseline CC‘»!‘lS\T{E"HMJ sampling uncertainty.

Planned Features:

1t of alternative model

= Interactive maps, heatmaps and plots
» Aggregated and detailed summaries

« Filter k

aphical, temporal or hyd

Coming Soon

Evaluate ensemble forecasts for water supply

applications.

Analyze and compare historical simulation data with
observed values. Explore metrics, timeseries, and
spatial patterns.

Features:

e Interactive maps with simulation metrics
+ Time series visualization and comparison
e Statistical performance metrics

¢ Multi-configuration analysis

Open Dashboard

Coming Soon

Evaluate deterministic forecasts for flood protection
applications

Planned Features:

luation

nt peak and timing

ps and plots

rning and lead time as

= Sampling uncertainty estimated

Coming Soon

Real-time forecast analysis for dam safety and

hydropc

r applicati

Real-time forecast analysis and validation tools for
operational and research data streams.

Features:
e Live forecast data
 Forecast vs observation comparison

* Lead time analysis

Open Dashboard

Coming Soon

Evaluate ensemble forecasts for water supply
applications.

Planned Features:

. graphical, temporal or hydrologic
attributes to see trends

» Sampling uncertainty estimated

Coming Soon

Real-time forecast analysis for water supply
applications.



TEEHR Dashboards

m Dashboard Hub  Retrospective Simulations
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File

- -

I | accessing_teehr_warehouse [

Edit Wiew Run Kernel

c T

Name -

B spark-warshouse

M| 01_warehouse_contents.i...
M| 02_timeseries_plot.ipynb

M| 03_basic_meterics.ipynb

» [M] 04_timeseries_with_even...

Tabs Settings

Modified
4 days ago
3 days ago
3 days ago
2 days ago

Help

A Terminal 1

B+ XxDO0O0O »

TEEHR-Hub Analytics

* | [# teehr-views.ipynb *

m

»

Code

spark = create_spark_session()
ev = teehr.RemoteReadOnlyEvaluation(spark=spark)

USGS_GAGE_ID = "usgs-01@10878"
PRIMARY_CONFIGURATION_MAME = "usgs_observations"
SECONDARY_CONFIGURATION_MAME = "nwm3@_retrospective"

events_df = ev.table("sim_joined_timeseries").filter(I

{

"column'": “configuration_name",
"operator': "=",
"value": SECONDARY_CONFIGURATIOMN_MAME
}J
{
"column": "primary_location_id",
“operator": "=",
"value": USGS_GAGE_ID
}

1).add_calculated_fields([
tcf.AbovePercentileEventDetection()
1).to_pandas()

min)

Scalable Compute Example (378 cores/~$10/hr)
* Basic metric for the 40-yr retrospective (about 1

* Basic metric with bootstrap uncertainty, 1000
reps (about 5 mins)

* We are still learning but the system is highly
scalable and tunable for various workloads.

e Utilized in notebooks and automated workflows
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Next Steps

More NRDS integration
Dashboard development
Data processing
TEEHR-Python feature dev
Connecting
* CIROH Slack channel #teehr
* GitHub repos
* https://github.com/RTlInternational/teehr
* https://github.com/RTlInternational/teehr-hub
* TEEHR-Python Documentation
* https://rtiinternational.github.io/teehr/
* Dashboards
* https://dashboards.teehr.rtiamanzi.org/
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