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* Traditionally computed using physical

Methods of models

* Physical models have limitations, and are
difficult to use/extend

prediCtiOﬂ * Data driven models have been suggested as
an alternative

streamflow




Precipitation
Temperature
Albedo
Elevation \ slope
Land Characteristics

Prediction
system —
H |g h ‘e \Vj e‘ oo St T

Snowfall
Snowiall water equivalent
Snow Melt
New Snow
Snow Depth

Snowpack water Equivalent v

Sobmyel

T

Modelling Software

A
)

?




Challenges

Weather forecasting data can be unreliable, so
powerful models are needed to compensate

Data is not evenly distributed

Optimizing parameters can be time consuming and
take computing resource

Data storage requirement

Ungauged locations are a lot more difficult than
predicting for gauged

Difficult to capture all catchment characteristics

Human made structures
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‘emporal Fusion
ransformer
Advantages

* Quantile prediction gives margin of
error

* Is built for sequential data

« Combines the strengths of LSTM and
Transformers

« Uses GPU for training

« Can differentiate static and dynamic
features

« Can produce interpretability statistics
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Data Sources
HYSETS -
HYdrometeorological 4
Sandbox
Dvna mic _I'é_co:‘e df _ *
echnologie . 5"
. HYSETS Supérieure -*' .
* HYDAT/ USGS 'y

* GLDAS

e High resolution local and
longer term global forecasts
Static

 CARAVAN land characteristics




[terative
development

Drocess

* Encoder/ Decoder length

* Loss Function

* Precipitation/Temp Source

* Individual Scaling

* Adding GLDAS / Ecohydrology / Caravan
* Optimizing Hyperparameters



I Validation of last 512 days for
TeStI ng * NSE (Nash Suttcliffe) each time series Y

M et 'CS * R-squared Continuous validation for flow
* Percent Bias prediction

* Kling-Gupta efficiency

* Importance statistics for

variables
Metric Not satisfactory  Satisfactory Good Very Good
R* <0.60 (0.6,0.75] (0.75,0.85] >0.85
NSE <0.50 (0.5,0.7] (0.7,0.8] >0.8

PBIAS  (-00,—15]U[15,00) (-15.-10] U[10,15) (-10,-5] U[5,10) (-5,5)
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Validation Results

-3.25

12% 13% 22% 53%
NSE 15% 14% 17% 54%
PBias 35% 15% 22% 28%
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Flow Prediction at catchment HYSETS_11097000 (NSE = -2.33)

e

Prediction Challenges ]

* Model struggles with unpredictable patterns that can
appear at monitoring stations

e Can be difficult to detect these locations

Some difficult scenarios

Flow Prediction at catchment HYSETS_12058800 (NSE = -1.0)

e Locations with dams, and other structures

* Locations with zero flows the majority of the time “—*\I\\

* Locations with excessive water taking wid o DA ASOCAN Ly [



THREATS

 Web based interface

* Has many integrated tools for environmental
data analysis

* Backend uses APIs, docker containers, load
balancing, efficient databases to effectively
analyze large amounts of data

* User will be able to identify forecasting
stations, view performance of past streamflow
predictions, view other hydrometric analysis

*
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Front end server

TileServer <8

Back end prediction
server

Flask

docker
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liction at HYDAT catchment 02GA034



Legend North

Hydrometric Stations :
High Flow Quantile Atlantic
~ No Predictions Available O oo

@ No Current Warning Data
® Below Q1
©® QltoQ2
© Q2to Q3
® Q3to Q5
Q5 to Q6
® Q6toQ7

Flow Forecasting:
® High Flow Quantiles
Sargass O Low Flow Quantiles
Seg3 O Return Period Flows

Flow conditions

* Compare against normal flow conditions for that time of the year

* Where do the predicted flows rank among the quantiles for that day?
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Hydrometric Stations
Return Period Flows
No Predictions Available
@ No Current Data Available | ,
' ® Below 2 Year High Flow i & '
@ 2to 5 Year High Flow £
© 5to 10 Year High Flow
@ 10 to 25 Year High Flow
@ 25 to 50 Year High Flow

Return Periods

* Forecast compared against return periods

e Computed using Pearson 3

* Compare against historical high flows, how likely is a flooding event
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Tracking high waters on US rivers and streams
Here's where river and stream gauges have reached flood stage In the last day.

Peak flood levels since Thursday, Sept. 26 at 4 p.m. ET

@ Minor flooding @ Moderate flooding @ Major flooding
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Hurricane Helene — 1 (left) and 2 (middle) days before predictions
vs actual flooding™ (right)

Flood map source: CNN News 19



Viewing

Predictions
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The ISWMS™ Flow Forecast module provides real-time flow forecasting for rivers across Canada

] Ventusky.com

Hydrometric Station:

ERAMOSA RIVER ABOVE GUELPH (02GA029)

Analysis Type:
Past Prediction Analysis

Prediction Date:
05/29/2024

Number of Historic Days:

Flow Prediction and Weather Data Forecast at HYDAT catchment 02GA029
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Flow m3/s
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Continuous
Validation

GREENLAND®
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About

The ISWMS™ Flow Forecast module provides real-time flow forecasting for rivers across Canada.

& Ventusky.com

Hydrometric Station:
ERAMOSA RIVER ABOVE GUELPH (02GA029)

Analysis Type:
Performance Metrics

Validation Metrics:

NSE | PBIAS | R2

0.89 -5.8 0.9

Daily Metrics:

Day Count | Q1 to Q6 (%) | Q2 to Q5 (%) | Q3 to Q4 (%)

0 14 100 T 36
1 13 100 T 31
2 12 100 67 25
3 11 100 64 55
4 10 100 50 40
5 9 89 56 44

e Continuously tracks the performance of past predictions

 What percentage were predicted within the prediction

intervals by day of prediction

22



Future Work

* Interpolation to provide more training data
* Consider training on forecasting data

* Sub daily predictions

* Detecting problematic catchments

* Ungauged predictions

* Investigate ensemble weather forecasts

* Finding improvements in compute time



FOr more
information

Steven French, M.Sc.

sfrench@grnland.com

Trevor Boston, M.Sc., P.Eng.

Greenland International

Consulting Ltd

tboston@grnland.com

e www.grnland.com

e 120 Hume Street

Collingwood, Ontario
L9Y 1V5

* 705.444.8805
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