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Deltares

« We are working on smart innovations in the field of water and
subsurface

+ We are the knowledge partner of the Dutch government.
 We make our knowledge applicable worldwide.
 We are a strategic partner and trusted advisor internationally.

« We believe in open source / freeware software.

799

Number of employees University / Ph.D. Regional offices in Net turnover
39 nationalities Abu Dhabi, Singapore
and Indonesia

Deltares




53 Deltares

Planning and
Programming

Informed and
interactive
decision making

Yellow River — A Hydrological
Basin Approach
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Managing water in a changing world & climate




Yellow River — issues in the past
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Yellow River — present & future issues

Deltares
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Yellow River — present & future issues

Upper & Middle reaches:
Improve vegetation
sediment detention e

U Delta:
nature based erosion control
2\ max. land with limited sediment
river course management
V. environmental sediment load?
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What kind of water management decisions should be
supported?

= Mitigation of drought hazard and risks: Land use
e.g. low flows and navigation scenarios

Agricultural scenarios

= Water management strategies: Hydrological history
e.g. reservoir management, sediment
management, water quality, environmental Results
flows

Climate change
scenarios

. CIimat_e change_ adapta.tic_m:
e.g. shift from rainfed to irrigated S -
agriculture, adapted water (re-)use, scenarios managementactions
adaptive pathways

Policy & planning + Real-time forecasting and warning

Deltares



What's important for river basin planning?

= Evidence based:
= Common datasets = looking at the same information = having the same knowledge

» Using global data and (rapidly built) models could trigger the local expert dialogue on
improvements, applications and local available datasets

* |ntegrated modelling approach:

= Many disciplines involved: hydrology, water demand + allocation, water quality, sediments,
groundwater, river morphology, etc...

= Well connected models to simulate effects and impacts correctly

= Flexible approach:

= Multi-resolution: Spatial and temporal resolution adaptable to the situation
= From global to local: Be able to incorporate local data easily
= Tools open or open source

Deltares



BlueEarth

Explain the past, explore the future

We believe that decision-making is
most strengthened when a structured
analytical planning framework is
combined with interactive processes
of stakeholder engagement, and is
supported by the best available data,
tools and decision support interfaces.
BlueEarth enables informed and
interactive decision-making.
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5. Implementation------------ %
To Implement the
measures, Including

monitoring and
evaluation.

BlueEarth Digjtal
Environmept

4. Action planning -~

To plan actlons, Imple-
mentation and finance. e

s.org

oraveNOlIer NGagen,

1. Inception
To Identify the decislon

context and to set
objectlves and criteria.

So0ud Bu

_____________________

The BlueEarth
core elements
Stakeholder
o engagement
Step in the
»
»— planning
.  process
BlueEarth / (Framework
Digital ® o of Analysis)

Environment:

BlueEarth Co-creation:
— tools to support colloboration with
stakeholders

BlueEarth Engine:

quickly bulld, run and analyse
hydro models

BlueEarth Data:
oniine repository for open access
(global) Input and output datasets

e 2. Situation analysis

To describe the present
and future water
resources system
expressed In

/ soclo-economic

) effects.

3. Strategy building

To develop strategles
following an adaptive
management approach,
expressed In the predefined
criteria.

BlueEarth Engine



5. Dashboard ‘

- Using dashboard n the dtalogue, to
make declsons about the next steps
- Content depends on result of :
stakeholder process \
- Dashboard rafreshes In shape and
contant all the tme
- 7o support Informed decision
mal
- Stakeholder imeraction ‘

———— 1. Determining the stakeholders needs
-What 15 de context, setting of the question?
- Verdere evt bulletpoints aangeleverd door Nadine. ° °

BlueEarth Community
- Community of practice
- Contributing community (adding data etc)

2. Definition of scenarios
and strategies

- Situation analysis

- Coliaborstive modeliing

- Inisally globally avallable data,
next iteration: adding avaslable regional
data

Computational R : ) x
framework » - A

(Modeis, tools, methods)

° 4. Modelling
- Local generated models are
used in combination with
avaflable open and global data
- Design of the needed
computational framewoark
- Integration of data
- Quick first draft of model
- Integrated modelling (models of surface
water, water quality, ecology etc.)

3. Determing the relevant

information
l - Input data: Dashboard filled with existing
(global) data and resuits from global models
- Global, regional, local context data

i '. ‘ | ‘ - Crowd source data
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BlueEarth Tools &
Computational Framework

« Blue Earth Tools are used to quickly build, run and
analyze hydro models.
« The tools include state-of-the-art data processing

methods to apply the models on various scales and @
resolution.

« The tools are developed largely inthe Open >
Source domain, using the rich scientific Python
eco-system.

* Blue Earth Tools links to Blue Earth Data. This

optimizes the re-use and enhancing of existing data
and allows for seamless integration between m
different models sharing the same base data. Quality

 The main components within the Blue Earth Tools

are the Model Builder (“hydromt”) and the
Computational Framework to integrate data and Export to Computational framework
models and prepare your scenarios. 2

R Computational
7 framework

BlueEarth Data BlueEarth Tools

il

Hydromt

Deltares 12



Approach and Digital Environment

IWRM
framework
of analysis for
planning and
programming

Informed and
interactive Decision
decision making support

Stakeholders’ =
engagement

BlueEarth digital

BlueEarth environment

Data

BlueEarth
Tools

0T

Deltares
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BlueEarthData.org

« BlueEarthData.org portal (Beta) is part of
BlueEarth;

« Alarger set of relevant static and dynamic data
will be made available in 2020 for application
in the models and dashboards;

 The general approach is start a project with
the already globally available data, to enrich
this in a later stage with local/regional data;

Deltares
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Engine for rapid model setup: Global

Deltares

yaml |

Methods

Data

Workflows

vector | [

Models

pyhton

ini

CLI

Input data»

hydroMT

I |

raster | |-

 —

vector [[

I'|:

config |

» Model data

to local

BlueEarth Engine

# read an existing model

from hydromt import Wflowodel
root = r'basel_2km'

mod = WflowModel(root, mode="r")

# plot map
fig « plt.figure(figsize«(10,5.5))
ax = fig.add_subplot(projection«ccrs.PlateCarree())
mod. staticmaps[ 'wflow_dem'].where(mask).plot(
ax=ax, norm=colors.Loghorm(vmin=vmin), cmap=cm.gist_earth

)
gdf_riv = mod.rivers
for strord in np.unique(gdf_riv['stream_order']):
gdf_riv[gdf_riv['stream_order']«sstrord].plot(ax-ax, linewidthestrord/4, colors'darkblue')
mod.basins.boundary.plot(ax«ax, color«'k’, linewidth«8.S)
if ‘gauges’ in mod.staticgeoms:
mod.staticgeoms( 'gauges’].plot(ax=ax, marker='0’, markersize«25, facecolors'black’, zorder
_ = ax.set_title('elevation’)

elevation

0

whow_dem
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Examples of (new) datasets

SMCompord BEFORE AFTER

Rapid model building | S A

» (Good) data becomes more widely available

« At higher temporal and spatial resolution

Indka

Deltares



Available high resolution global data sources

We se cookies 80 erwunn that we give you the bast exparience on ur website and 10 Craate SLIEASCS WHCh we e 10 Frprove the website content. By cikking ACCEPT' or by contining e use of the website, you sccept the usage of cookies in
your browser.

FrontPage

| General Information

Moeify  ACCLPT
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High resolution hydrography data

Deltares

Input for

-rainfall runoff model
-groundwater model
-hydrodynamic model
-water quality model

Upscaled model resolution hydrography
and subgrid river data

19



Rainfall-Runoff: wflow_sbm parameter estimation
(global setup)

« Physically based model concept
* Minimal calibration
* Multi-Resolution
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scalable high resolution hydrological model
With g I O bal Setu p KGE=KIling Gupta Efficiency metric that

accounts for correlation, bias, variability

KGE per river

©
Zix

e

Nether

2 imhott et al 20208 WRR pdf - Adobe Acrobat Reader DC o

Home Tools imhoff et al 2020a ... X ® Sign In

L)

Check for
A Pad | l1ooADVANcn updates 7 I e §
AUV AT Belgium

Water Resources Research &

RESEARCH ARTICLE  Scaling Point-Scale (Pedo)transfer Functions to Seamless
Sl Large-Domain Parameter Estimates for High-Resolution
Special Section: Distributed Hydrologic Modeling: An Example for the
o s 'Rhine River

R. O. Imhoff'2", W. J. van Verseveld* ', B. van Osnabrugge'? ', and A. H. Weerts'?

Key Points: 10perational Water Management, Department of Inland Water Systems, Deltares, The Netherlands, ?Hydrology and

« Seamless distributed parameter Quantitative Water Management Group, Wageningen University & Research, Wageningen, The Netherlands,
maps can be obtained for the 3Catchment and Urban Hydrology, Department of Inland Water Systems, Deltares, The Netherlands
gridded hydrologic model ) : )
wflow_sbm with transfer functions
from literature . . = o = " g

« Application of wilow_sbm with Abstract Moving toward high-resolution gridded hydrologic models asks for novel parametrization
these seamless parameter maps approaches. A high-resolution conceptual hydrologic model (wflow_sbm) was parameterized for the Rhine
yields simulation results with high hacin in Frirana hacad an naint.crala (nadnltrancfar finctiane withant furthar calihration of affactiva

Austria

Italy

e

Imhoff, van Verseveld, van Osnabugge and Weerts. et al. 2020, Scaling Point-Scale (Pedo)transfer Functions to E—
Seamless Large-Domain Parameter Estimates for High-Resolution Distributed Hydrologic Modeling: An Example for
Deltares  ine Ruine Riverwater Resources Research, doi: 10.1029/2019WR026807. 21



Hydrodynamic models (DELFT3D-FM)

Unstructured grid with resolution up to 1.25km
Deltares

22



Exascale groundwater simulation
a global 1km MODFLOW model (428M cells, 2 layers)

Jarno Verkaik, Edwin Sutanudjaja, Gualbert Oude Essink, Hai Xiang Lin, Marc Bierkens

Simulated subdomain

Groundwater Table boundary
meter below land surface (total: 1 024N

Yeltares &% TU Delft

el =
Enabling Delta Life ‘%AQ\\\' 4 A2 Universiteit
/5 Universiteit Utrecht ’K ‘2 Lelden

Deltares
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Most densely populated river basin in the world “Source. Anand. J. et al. 2018

« Home to half the population of India (700 Min) including two-thirds of the
nation’s poor people

« Covering 4 countries and 11 states in India
« Contributes to >50% of national water use
* Highly polluted

Strategice basin planning Gangariver




Objective of the study

Strengthen capacity with respect to strategic basin planning;
Development set of scenarios and strategies for the Ganga basin;
Build a strong and accessible knowledge base;

Establish a multi-stakeholder engagement process to support strategic
basin planning.

s~

Title: Analytical Work and Technical Assistance
to support Strategic Basin Planning for
Ganga River Basin in India

Financed by: World Bank

Consortium: Deltares, Aecom and Future Water
Period of assignment: June 2015 — June 2018
Total contract value: 4 Min AUD

Deltares A=COM+ FutureWater

Strategice basin planning Gangariver
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Model setup and workflow

Mountain Basin
hydrology hydrology

* Integrated tools all using same base data and connected Water use and =
. . . glsmibuten socio-zzgr?gﬁics
(rainfall runoff, groundwater, river basin management, water e

quality) integrating local data

A 4

Elevation

Landuse

s

A 4

—)[ Groundwater }

Wflow + Ribasim

MODFL.QW

by vegetation

Z z Z Unsaturated zone
Water table

High hydraulic-conductivity aquifer

- Low hydraulic-conductivity confining unit

pJeoqyseq

Strategice basin planning Gangariver



Ganga river basin model workflow

[ J | ?

Mountain Basin
hydrology hydrology

Water use and

Ecology,
SOCIO-economics,
hydrol. alteration

distribution

pJeoquseq

—)[ Groundwater 1 >
) S

Deltares
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Scenario and strategy assessment with stakeholders

State of Groundwater development (% critical areas)

GW overext,

Lowest discharge (m3/s)
Volume of water stored in reservoirs (Billion m3)

LowQ
Rgs.Stan

Agricultural crop production ( % of area harvested)

Agr.Harv,

Deficit irrigation water (%)

IRR deficit

Deficit drinking water (%)

DR deficit

Surface water quality index (-)

WQ index

Volume of groundwater extracted (Billion m3)

GW used

E-flow: Ecological status (-)

E-ecol

E-flow: Hydrological status (-)

E-hydr

E-flow: Socio-Economic status (-)

Strategice basin planning Gangariver

E-socio

Deltares
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Scenario and strategy assessment: dashboard
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Ongoing developments



Rapid model setup Hai River Basin (wflow demo)

* 1x1km resolution
« Uses open source data

» Coupled with local meteo forecast from Beijing Zhitian Technology

[ FEWS Hebei (Stand alone)
File Tools Options Help
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Piloting Taolinkou reservoir streamflow forecast

* Multi-function reservoir: water supply (domestic water and irrigation) (1), flood control (2), hydro-power (3)

* Introduce meteo forecast in hydro forecast (most of the river catchment uses observation to run simulation
towards the future and update with the most recent rainfall observation)

« With the meteo forecast, the lead time is increased

» Selection of multiple data sources (both observation and forecast) for comparison

» Distributed (wflow) model takes advantage of grid (open) data (the client didn’t provide any data, except limited
data for rain gauges and 2 hydro stations

« Challenge of quick peak rise and fall within several hours
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Rapid model setup from global to local (D-WAQ, w
quality)

Water Quality indicator (max) Water Quality indicator (min) BlueEarth Engine

Work for CHR

msPAF is an
indicator for toxicity
from chemicals

Deltares Use hydrological wflow_sbm model set up (Imhoff et al Water Resour. Res. 2020, van Verseveld et al., 2020 GMD in prep,

Wannasin et al., J of Hydrol Regional studies submitted 2020ab) 33



Rapid model setup from global to local (D-WAQ, water
quality)
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(HIWAI is proxy for chemicalsinriver)

Related to UN Global Water Quality Assessment @
Deltares msPAF is an indicator for toxicity from chemicals

BlueEarth Engine

Over Deltares
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Soil loss

Work by Helene Boisgontier

Wflow Sediment - Renard &

Wflow Sediment — EPIC* Litterature

Foster*
Mean Field Erosion (t/halyr) 0.91 1.05 0.94 (Panagos, 2013)
Mean Hillslope Erosion (t/halyr) 0.52 0.63 X o
Deltares Basin Erosion (t/halyr) 0.08 0.08 0.075 (Lemoine, 2015%5

* EPIC and Renard & Foster are two methods to compute the Soil Erodibility coefficient (KUSLE)




Sectoral water use

« Distinction between household,
industrial, livestock and agricultural
water use

« Down-scaling based on population
density and (CORINE in Europe)
land-use datasets

N
Delta res § U% Utrecht University
N
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Dc.

Conclusions/ Recap

Reservoir management key in YR — Water resources, water quality, sediment problems
in the whole YR system need to be considered together

Policy — informed decision making (e.g. support adaptation pathways)
» Evidence based (measurements, sharing information stakeholders,

combine global and local data)

» |ntegrated modelling (rainfall-runoff, groundwater, water demand, management,
reservoir management, water quality, river hydromorphodynamics) A |
» Flexible (rapid, multi resolution, open or open source tools)

Operational Water Management
= QOperational forecasting system (using integrated/linked models using similar setup,
tailored data management system e.g. Delft-FEWS, real-time control reservoirs) -

= Next talk by Nadine Slootjes reality

Dig_iltal twins (for monitoring, understanding and stakeholder dialogue)

12



Contact

www,Deltares.nl Albrecht Weerts

info@Deltares.nl Albrecht.Weerts@Deltares.nl




