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Group on Earth Observations

GEO Is a partnership of more than 100 national governments and in excess of
100 Participating Organizations that envisions a future where decisions and
actions for the benefit of humankind are informed by coordinated,
comprehensive and sustained Earth observations.
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GEO Global Water Sustainability Initiative
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Dr. Angélica Gutiérrez | GEOGloWS Co-chair

National Oceanic and Atmospheric Administration (NOAA) - USA
Office of Water Prediction




GEOGLOWS - Overview

Objective Summary:

GEOGLOWS leverages partnerships, resources, and
data, to deliver accurate, open, and accessible
hydrological predictions on a global scale, playing a vital
role in addressing complex water resource management
challenges.
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Improving Water | ‘ ]

- Understanding of the
hydrologic system is
Incomplete

- Lack of information =
Uninformed decisions

- It iIs our responsibllity to
find better solutions




In Situ Streamflow Monitoring Systems
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Leveraging Advances in Earth Observations
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Actionable Intelligence: Hydrologic Modeling
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Global Streamflow Services — A Paradigm Shift

PAST - Individual Hydrologic Forecasting

DEM, Land Use, Hydrologic Modeling
Meteorology n
S o HydroMet Services
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Untitled Map

Write a description for your map.

® Cachin de ta o




Global Modeling Barriers to Overcome
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GEOGLOWS Basic Model Formulation

ECMWF land
Meterological surface model Runoff GI.S OTEED Muskingum
: (grid runoff to :
Forecast (GlIoFAS, ERA 5) Grids Routing
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GEOGLOWS ECMWEF Streamflow Services

Web Services

Custom Web Apps
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Malaw!

Communlty Based Flood Early Warning System for Malawi

As of: 2022-FE8-09, 1443

Siren on b

Global Streamflow Services from ECMWF  EXISEIN

g ol W at Liieg Acas

Samuel Gama

GEOGLOWS has
extended warning lead time
from hours to days”



Israel

“... Separately calibrated
GEOGLOWS to several
stations in Israel and
Gaza ”
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Guatemala — Ce
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= & GEOGIoWS ECMWF Streamflow Hydroviewer

“... GEOGLOWS is used [

< @ Manuel Conde
Tue Oct 04 2022 18:00:00 GMT-0600 A

(Mountain Daylight Time) oday

z T
d (<> ml[> Hola Angélica.
8 Buenos dias, recibi un
1 reciente correo y no he
y C E I I t E D E N l \C tO Find A Reach 1D podido comentarte porque

estamos de nuevo en una

Zoom to Lat/Lon Coordinates situacion muy similar a la de
2020.

- - 8:07 AN
Switch to HydroShare Map En este momento estamos
3 al nivel 282msnsm del
Stream Gauge Networks embalse, el Valle de Sula
recientemente inundado y
warnings

Choose A Gauge Network vulnerable.

Claudia Herrera




“... important supplement s> "
to other data and models ~ ““¥ =
used by DHM, with the real
possibility of saving
lives and property”

Ram Gopal
Deputy Director DHM




Bangladesh

Bangladesh Stream Flow Forecast System s S
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Dominican Repul

Reservoir Inflows

Combined with
WMO Flash Flood Guidance

Sistema Nacional Republica Dominican de Pronésticos Fluviales = £
I : lq J

. providing a benefit
where otherwise we do
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AMAZONIA

Carlos Millan

Donna Villena

Martha Parco Elisa de la Vega (S... calvarado

Imetzger

Patricia Porras

luciano.lima
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ré]j;? ... better understand
4 4 the climate in vast

Yolanda Gonzalez
e @reas of our country
where we are lacking

information.”
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INAMHI GEOGLOWS Portal

B yocovomse Ecuador

Bienvenidos a la plataforma INAMHI GEOGIoWS

La implementacién y personalizacin de la plataforma Tethys ha sido posible con la colaboracién del
INAMHI, Fundacién EcoClencia y el Centro Intern.

programa SERVIR-Amazonia. SERVIR-Amazonia forma par
conjunto entre la Administracién Nacional de Aeronaut
Estados Unidos para el Desarrolio Internacional (USAID),

Plataforma Tethys
Tethys fue probada mediante a implementacin
de portales web para socios de la iniciativa de
sosteniblidad del agua del Grupo de
Observaciones de la Tierra (GEOGIOWS) y de la
Universidad Brigham Young University (BYU).
Incluye un conjunto de software gratuito, codigo
abierto y funciona con el marco web Django
Python.

Tethys

Aplicaciones
Tothys es una megaplataforma que alberga

aplicaciones para prondstico hidrologico,
ny

meteoroldgico, descubrimiento, visualizac
descarga de datos relacionadas a variables
hidrometeorolégicas.

El uso de los resultados obtenidos de Ia plataforma Tethys son de responsabilidad del usuario. Copyright © 2022 INAMHI

&) Historical Validation Tool Ecundor

nal de Agricultura Tropical (CIAT), mediante el
de SERVIR Global, una Iniciativa de desarrolio
a y del Espacio (NASA) y la Agencia de los

Datos.

Lo datos presentados en al portal Tt
corresponden a observaciones histricas pun
del Ecuador, resultados de modelacién hidroll

informacién satelital y de radar . E1 mapa base
usado en la plataforma corresponde al Open St




“... combined with
local hydrological
model SONICS”

Simulacién histdrica:
COMID: 5036459

@ SONICS GEOGIoWS

}&uWUWW

Niveles de alerta:
y @B Periodo de retoro: 2.33 afios
@® Periodo de retomo: 5 afios

® Periodo de retomo: 10 afos
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... adding to the
capability of
CEMADEN to provide
disaster warnings”

Brazil

A HydroViewer Brazil
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GLOWS Toolbox Customization

BY U GEOGIows Portal o
GEOGIoWS Toolbox

[ w0 I Github | streamfiow Ji Conda J§f BYU

“

GEOGIloWs -
Met Data Explorer

Water Data Groundwater Hydrostats App
Explorer o X Data Mapper o

Tethys

= A GEOGIoWS ECMWF Streamflow Hydroviewer

‘Map Controls
Map Animation
DU Tt W L FUOEEROY R S e/ S e S NS el
Al
T ¢ . Tethys App
3 g Warehouse

Find A Feach D

2000 Laton Cosrarates ; . ) Subsetting Tool
Swtcn o Hyarosnar Map

Stream Gauge Networks




The App Store — Sharing Resources

BY U GEOGIoWsS Portal Logn
GEOGIoWS Toolbox

| Github ) streamflow BYU

animations

Tethys Jl Hydrology

......

Met Data Explorer
Groundwater

Data Mapper

9 % 4 4 ks

O
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Tethys App

Warehouse GRACE

Groundwater
Subsetting Tool

+ 0+ 4 F o+ o+



App Nursery — AWS Data Sustainability Initiative (ASDI)




CLO GLOWS

GLOBAL WATER SUSTAINABILITY

Understanding the
GEOGLOWS Data

BYU Civil & Construction Engineering
IRA A. FULTON COLLEGE OF ENGINEERING
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GEOGLOWS Data . \WebServices Custom Web Apps
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GLOBAL WATER SUSTAINABILITY

abbotialag UL 4 L Jide ) dalds

ays0/17] 81177 |27 18717 071917 872017
[ o 52 25 8 4 |
o« | o | T |
[} a o [ae [T sl s | 1 [ o ] o |

Streamflow AP| at ECMWF

Global WMS at Living Atlas



GO GLBWS

GLOBAL WATER SUSTAINABILITY

BYU Civil & Construction
Engineering

Version 1 and Version 2 Comparisons

GEOGLOWS V1 GEOGLOWS V2

Stream Network « Streams are comparable to HydroSHEDS » Streams are a subset of TDX Hydro Version 1.0

« About 1 million streams » About 7 million streams

* 13 computational watershed groups » 125 computational watershed groups

» Uniform method for estimating routing parameters applied » Data-driven regression to estimate routing parameters for each

to all river reaches river individually

Retrospective » Daily average streamflow o Daily average streamflows
Simulation  Begin date 1 January 1979 » Begin date 1 January 1940

» Updated every month

» Lag from real-time between 2 and 3 months

» Full dataset download only available on request

» Full time range available for a single river available
via data service

+ Updated every week

» Lag from real-time up to 1 week

 Full dataset freely available to download on Box and AWS S3

» Data from 1990 to present for a single river available on data
service

 Full-time period available on demand through AWS

Data Services

« https://geoglows.ecmwf.int

« https://geoglows.ecmwf.int
o Implement endpoint versioning
» Planned future OGC API patterns implemented
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Map Controls +
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Map Animation
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https://apps.geoglows.org/apps/geoglows-hydroviewer/
https://beta.apps.geoglows.org/
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Forecast (stats)

Forecasted Streamflow

= Streamflow (Median)

Uncertainty Bounds
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Forecasted Streamflow. Site: Rio San Juan en el Rancho La Trinidad
Reach ID: 770061283
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GLOBAL WATER SUSTAINABILITY

Forecast (ensembles)

Ensemble Predicted Streamflow

120 ——— High Resolution Forecast
100 ——— Ensemble 1
——— Ensemble 2
;1."1 Ensemble 3
£ Ensemble 4
-
z Ensemble 5
2 Ensemble &
E Ensemble 7
v Ensemble 8
n Ensemble 9
——— Ensemble 10
= Ensemble 11
——— Ensemble 12
May 01 2024  May 03 2024  May 052024  May 07 2024  May 09 2024  May 11 2024  May 13 2024 T
Date (UTC +0:00)
-
Ensemble Predicted Streamflow. Site: Rio San Juan en el Rancho La Trinidad
Reach ID: 770061283
—— High Resolution
1200 —— Ensemble 1
~—— Ensemble 2
1000 ——— Ensemble 3
— Ensemble 4
M Ensemble 5
E 800 Ensemble 6
s Ensemble 7
2 Ensemble 8
E 600 Ensemble 9
[ —— Ensemble 10
B 400 —— Ensemble 11
—— Ensemble 12
——— Ensemble 13
200 Ensemble 14
Ensemble 15

Ensemble 16

May 07 2024 May 09 2024 May 11 2024 May 13 2024 May 15 2024 May 17 2024 May 19 2024
Date (UTC +0:00)
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Return Periods

Are used to classify extreme events. They require historical values to be calculated. A 100
year is expected to occur approximately once every 100 years. This does not mean multiple
100-year events can not occur soonetr.

Retrospective Streamflow Simulation. Site: Rio San Juan en el Rancho La Trinidad
Reach ID: 770061283

Retrospective Simulation

Return Periods

2 Year: 3763

5 Year: 5380

I | | | I | . | Il #on 10 Year: 6450

ak #on 25 Year: 7803
witen 50 Year: 8806

L =

0 Retrospeciiv.. ' '

1940 1950 1960 1970 1980 1990 2000 2010 2020
Date (UTC +0:00)

¥
6k

Streamflow {m3/s)
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Streamflow (m?/s)

GLOBAL WATER SUSTAINABILITY

Retrospective Simulation (80 years)

Simulated flow data, calculated from historical
meteorologic data. Useful for understanding river
behavior or comparing forecasts to previous events.

Retrospective Streamflow Simulation

10k
Bk
6k

4k

2k

1940 1850 1960 1970 1980

Date (UTC +0:00)

BYU Civil & Construction
Engineering

Rio San Juan en el Rancho La Trinidad
1a | lat=10.7087
| lon=-83.9269
o0 | COMID=770061283
Juesad:
| Limos

1950 2000 2010 2020
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Daily Average Flow

Value of the average flow on every day of the year for a certain river segment. Is useful for
understanding current flows based on season changes in normal.

Daily Average Streamflow (Simulated). Site: Rio San Juan en el Rancho La Trinidad
Reach ID: 770061283

2000
1500

1000

Streamflow (m3/s)

500

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
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Date (UTC +0:00)
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GO GLBWS

Monthly/Annual Average

Monthly Average Streamflow (Simulated). Site: Rio San Juan en el Rancho La Trinidad

Reach ID: 770061283
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Flow Duration Curve

Is a measure of the probability that flow in a river exceeds a certain value.

Flow Duration Curve. Site: Rio San Juan en el Rancho La Trinidad
Reach ID: 770061283

12k
10k]
8k

6k

Streamflow (m?/s)

4k

2k

0.5 0.6 0.7 0.8 0.9
Exceedence Probability
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Discussion?

GLOBAL WATER SUSTAINABILITY

Do you have access to this kind of information?

. What challenges exist if/when you do not?

. What problems could you solve with an 80-year historical simulation
(record) on your rivers?

- What problems could you solve with a daily 15-day forecast
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Streamflow (m*/s)

120f

100

GLOBAL WATER SUSTAINABILITY

Forecast Application in Dubal

Retrospective Streamflow Simulation. Site: Near Dubai Airport
Reach ID: 290708005

80
60

40
|

20

1940 1950 1960 1970 1980 1990
Date (UTC +0:00)

2000

2010

2020

——— Retrospective Simulation

Return Periods
2 Year: 2
5 Year: 16
10 Year: 25
25 Year: 36

dem 50 Year: 44

#ew 100 Year: 53

BYU Civil & Construction
Engineering

Flood forecasts based on output
from the GEOGLOWS ECMWF
Streamflow Services (GESS) global
hydrological model, provide a global
streamflow forecasting service,
relevant for making informed
predictions required for the
emergency response decision-
making process in the context of
floods.

The following is a demonstration of
how the NASA SERVIR GEOGLOWS
forecasting services can help you
make decisions in real-life
scenarios.

The flood forecast response game
will use flow forecast hydrograph
and return periods as a basis.
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Forecast Application in Dubal

= (% GEOGLOWS Hydroviewer

GLOBAL WATER SUSTAINABILITY

Imagine that you are engaged Iin the
emergency response decision-making
process in Dubal.

A flow forecast graph will be provided
Indicating a flood probability. Each day
the current streamflow and the
predicted flow over the subsequent 15
days will be shown. Based on the given
e iInformation, how would you choose to
én; respond considering both economic

B implications/limitations as well as
: ;\w;f;/ _ preparation/safety?

-~ s
Lat: 25.545, Lon: 55.330

S e
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Forecast Application in Dubal

= () GEOGLOWS Hydroviewer
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April 7, 2024

The displayed flow forecast
— Seeanto et graphs show the current streamflow

Uncertainty Bounds

and the predicted flow over the

= s subsequent 15 days and the

25 Year: 36

D, | _:.sovear::u 1
et associated ensemble hydrograph.

What would you choose to do at this
point, if anything?

Streamflo

== High Resoluticn Forecast

= Ensemble 1
= Ensemble 2
—— Ensemble 3
Ensemble 4
= Ensemble 3
—— Ensemble &
Ensemble 7
Ensemble
Ensemble &
= Ensemble 10
= Ensemble 11

Ensemble 12

streamflow (mrs)

Apr 07 2024 Apr 09 2024 Apr 11 2024 Apr 132024 Apr 152024
Date (UTC +0:00)



GO GLOWS

GLOBAL WATER SUSTAINABILITY

BYU Civil & Construction
Engineering

April 9, 2024

Forecasted Streamflow

streamflow (m¥/s)

m— Streamflow (Median)
Uncertainty Bounds

Return Periods
2Year: 2
5Year: 16
o 10 Year: 24
e 25 Year: 36
b 50 Year: 44
i 100 Year: 52

Apr11 Apr13 Apr15 Apr 17

Date (UTC +0:00)

Ensemble Predicted Streamflow

400

300

200

Streamflow (m?/s)

100

0
Apr 09 2024 Apr 11 2024 Apr 132024 Apr 15 2024 Apr 17 2024

Date (UTC +0:00)

Apr 19 Apr 21 Apr23

= High Resolution Forecast

Ensemble 1

emble 2

emble 3
Ensemble 4

nsemble 5

s
semble 6

Apr 19 2024 Apr 212024 Apr 23 2024

What would you do?
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April 10, 2024

Forecasted Streamflow

m— Srreamflow (Median)
Uncertainty Bounds
Return Periods

2 Year: 2

5 Year: 16

10Year: 24

B What would you do?

100 Year: 52

streamflow (m3/s)

Apr 11 Apr 13 Apr 15 Apri7 Apr 19 Apr 21

T

]
[
]

Date (UTC +0:00)

Ensemble Predicted Streamflow

= High Resolution Forecast
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=~ Ensemble 1
= Ensemble 2
500 = Ensemble 3
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Ensemble 8

Streamflow (m¥/s)

200 Ensemble 8

nsemble 10
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= Ensemble 11
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April 11, 2024

Forecasted Streamflow

streamflow (m?/s)
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g April 2024

i ?-; e 3 In April 2024, the United Arab Emirates experienced

| == " unprecedented and devastating floods due to heavy rains,
described as the country's heaviest rainfall in 75 years. The
slow-moving storm began on April 14 and intensified on
April 16, breaking records for the most rainfall in a 24-hour
period since meteorological records began in 1949. Cities
such as Dubai and Sharjah were severely affected, with
Dubai recording a year's worth of rain in just 12 hours, and
areas farther east receiving nearly 2 years' worth of rain
within 24 hours.
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Floodwaters rose rapidly, disrupting transportation and
inundating roads. Some areas remained flooded even after
the rain stopped, with up to 10 inches of rain measured in
htps:/Awww.news24.com/citypressftrending/watch-dubai-gets-a-years-worth-of-rain-in-a-day-20240418 1€8S than 24 hours, far exceeding the typical annual rainfall
of 5.5 to 8 inches. The situation was so severe that even
days after the rains ceased, satellites were still able to
detect the extent of the flooding from space.
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Dubai International Airport experienced significant Dubai International Airport, the world's busiest for
diSfUptiOﬂ, with ﬂlghtS temporarily halted due to the international '[rave|, experienced a surge in
deluge. As of April 18, the UAE was still in the passenger numbers in 2023, reaching a total of
process of recovery from the catastrophic flooding, 86.9 million passengers. The airport is a vital hub,
with Dubai's international airport facing ongoing connecting to 262 destinations in 104 countries
delays. worldwide through over 100 international carriers.

Additionally, Dubai reported its best-ever tourism
[R— numbers, hosting 17.15 million international
overnight visitors in 2023, contributing significantly
to the city's economy. With projections estimating
an increase to 88.8 million passengers this year,
the airport faces mounting pressure, especially
considering the recent flooding events that
disrupted operations. This underscores the
airport's significance to the country's economy and
the challenges posed by the need to accommodate
increasing passenger volumes amidst such
impactful natural occurrences.
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Understanding Impacts
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Methods Models

Flood Inundation Mapping

Topographic
Methods

* Topographic Models fill up based on the geography of
an area. They are relatively computationally light, and
give a rough estimate of flooded areas.

* Hydraulic modeling methods, solve equations
representing the mass and momentum of fluid flow.
They are more computationally expensive, but when
created and calibrated correctly can be more
accurate.

g

Hydraulic
Methods

* Satellite methods, like FIER, seek to leverage the
power of observed satellite images. They created
flood inundation maps through statistical methods.

 HEC RAS

Satellite
Methods
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