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@ Background
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* India’s dams and hydropower systems face increasing climate
variability, floods and droughts.

* Reliable river flow forecasting is essential for climate-resilient
operations.
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@ Why Flood and Flow Forecasting?

* Floods cause major loss of life and assets.
* Dry spells affect hydropower and water supply.
* Advance forecasts improve reservoir operations and safety.
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@ Steps for Flow Forecasting

* IMD provides high-resolution rainfall forecasts.

WRF (Weather Research and Forecasting) Model
* 9 km resolution

GFS (Global Forecast System) Model
e 12.5 km resolution

NOAA GFS Model
e 37.5 km resolution

* These can be translated into river flows using hydrological
models.
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Hydrological model - SWAT (Soil and Water
Assessment Tool)
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@ Data used
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 DEM
— SRTM — 30m resolution

e Landuse (NRSA 2007-08)
* Soil — NBSSLUP/FAO

 Weather: IMD gridded rainfall, temperature
— Observed rainfall
e Reservoir characteristics and operation rules

* Observed Stream Gauge and Discharge data of
CWC
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Mahanadi River Basin — Example P
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Climate-Resilient Dams
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Input data used for SWAT modellin
setup for Mahanadi River basin

Basic Spatial Data for SWAT Hydrological Modelling
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Basic Data layers for modelling-
Digital elevation model
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Land use Layer
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Observed Weather Station Locations
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Major Projects Implemented
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MAHANADI BASIN
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o] SWAT Validation Locations

River Network
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S No |Site Name River
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Mahanadi River Basin - SWAT Model Performance Parameters
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@ Mahanadi Basin EWS - Process

 SWAT hydrological model is used to simulate the inflow to Hirakud
reservoir
— Hydrological modelling has been carried out for the entire Mahanadi basin

— Calibrated and validated model is currently run at daily time step to
produce inflow forecast

— NWP, Multiple source rainfall forecast data is being used instead of one
source to minimise the uncertainty in inflow forecast

— Gives range of inflows rather than one single number

— This strategy helps in issuing forecasts without any break even if one data
source becomes unavailable on some days
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.| WRF* Weather Grid
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Location Map
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IMD Forecast
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Forecast Issued — IMD GFS
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Hirakud Reservoir Inflow (cusecs) Forecast using IMD GFS Rainfall Forecast Valid till
25 September 2017 Developed for DoWR, Odisha
INRM Consultants, New Delhi
400,000 == r— 0
Caveat f—
Simulated using SWAT Hydrological
Model - 10
Using Rainfall forecast from INDIA 350,000 - ceeeeeieeeo- B - - S - - - - -k e e e e
METEOROLOGICAL DEPARTMENT, - 20
NWP models.
Limitations in Model calibration:
Observed Rainfall data from Odisha 300,000 / """"" 30
FLOOD MET OFFICE BHUBANESWAR \
IMD GFS Rainfall{mm) Forecast (24hr) Day 1 FCST valid for: 21.08.2017  TILL 08:30 IST ? / \ I 40
A e AL B " i ——
v
> - 50 =
200 ‘-‘3’ E
° =
120 2 200,000 60 =
© Y=
70 .% .E
w o - - 70 &
- [
. 3 150,000 ,
°
10 "_E / L 80
‘ 100,000 90
- - 100
T 1 O e
- 110
Average Catchment observed rainfall upto 0 120
Hirakud on 19-09-2017 Forecasted 19-Sep-17 20-Sep-17 21-Sep-17 22-Sep-17 23-Sep-17 24-Sep-17 25-Sep-17
m Average Catchment Rai.nfall upto Hirakud (IMD GFS 15.8 222 301 116 0.9 14 20
25 Km rainfall forecast) 159
== |nflow F ti ing IMD GFS 25 K
ATIOWTOTEcast In cumecs using m 123,636.7 196,278.9 356,325.0 181,870.6 97,468.5 73,313.3 65,932.5
rainfall forecast Valid till 25 September 2017
124,095.8
Simulated using SWAT Hydrological Model IMD GFS: Global Forecast System 25 KM RESOLUTION)

Climate-Resilient Dams and Hydropower Infrastructure: Integrating Environmental Sustainability in Planning and Development




@ Benefits for Dams & Hydropower
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e Early warning, better scheduling, improved safety and
optimized storage.
e Supports ecological flows, sediment management and drought

planning.
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@ National-Scale Modelling Framework

https://inrm.co.in/Applications/IMD FF/login.php

* Developed by INRM Consultants using the SWAT hydrological
model.

e Covers all 18 major river basins of India.
* Each basin divided into sub-basins and HRUs.
* Calibrated using observed CWC discharge data.

 Web based Public-domain portal provides maps, graphs and basin-
wise forecasts.
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https://inrm.co.in/Applications/IMD_FF/login.php

Real-time Stream Flow Forecast Website
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»  Coupled hydrological and Hydrodynamic modelling / Artificial
Neural Network Model (ANN model)
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Increases warning time

Faster processing
Can use forecasted rainfall and predict probable flood well in
advance (7 or 3 days warning), which can be revised daily based
on fresh forecast
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INCOLD

MoU has been signed with BWI — Pioneer in Al and creating

Virtual Station deliver hydrological data digitally by leveraging various data

sources (in-situ, satellite, meteorological, model-based, etc.).

Use cases Key benefits
* Provision of forecasts (flow * Flexible location on the
rates & water levels) up to 10 hydrographic network

days ahead (trend-based) Instant deployment

« Data access via API or user  Remote operation

interface « Continuous improvemeblue
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Conclusions

 We must move beyond conventional engineering approaches

and adopt integrated, adaptive, and ecosystem-sensitive
frameworks

e Sustainable dam and hydropower development must balance
structural safety, energy efficiency, and water security with
environmental flows and social equity

* Mainstreaming climate risk assessments, using high-resolution
hydrological and climate models, and adopting dynamic
reservoir operation rules that can respond to uncertainty
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