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A global network initiated by scientists, users，from private 
and public organizations, active in global flood monitoring, 
forecasting, response and risk management. 
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GFMS
https://gfp.jrc.ec.europa.eu/support-service
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GFMS from TRMM to GPM

Global Flood Monitoring System (GFMS)

3-hourly, 8th and 1km global flood detection and 
inundation mapping with hydrological model



3-Day Forecast Rain from 14 
March (from NASA GEOS NWP 
model)

3-Day Satellite-based
Rain from 14-17 March

Forecast Rain Before Cyclone Hit

NWP forecast peak totals were ~ 1000 
mm, while peak satellite estimates 
(IMERG) were ~ 600 mm.  
Ground validation was 
missing/questionable.
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Forecast from 14 March
for 17 March

Nowcast using Satellite Rainfall
for 17 March

Flood Forecasts from NWP Rain vs. Nowcast Using Satellite Rain

Flood Detection/Intensity (Depth)

Forecast at coarse (12 km) resolution gives good warning of where
flooding may occur both in Mozambique and Zimbabwe, with less
intensity due to difference in peak rain amounts

Forecast Nowcast
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15 March

First Estimate of Inundation—from 
GFMS
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Timeline of Useful 
Inundation Maps

15 March--GFMS 1 km 
(calculation based on Satellite 
rainfall and land-surface/routing 
models—every 3 hrs.)

17 March—AER FloodScan
(surface passive microwave 
signal disaggregated spatially 
by terrain, but obscured by rain 
[not cloud]

20 March—Synthetic Aperture 
Radar (SAR) published by 
UNOSAT from Sentinel-1 data 
19-20 March. Number of groups 
analyzing Sentinel and other SAR data

Later—Optical (e.g., MODIS) 
obscured by clouds
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SAR-based Inundation Maps

NASA/JPL
UNOSAT

LIST
Luxembourg

Flood 
Observatory
U. Of Colorado

AER
FloodScan

UMD
GFMS

Numerous Remote 
Sensing-based flood 

products

Mozambique Cyclone 
Idai March 2019



Time Integrated Inundation from GFMS
Maximum Inundation from GFMS (14-19 March) vs. Max Inundation from SAR (LIST)

Better agreement with SAR—Higher POD, but lower FAR

POD: 47%
FAR:  57%
CSI:   29%



Flood Threshold

Streamflow/Flood Estimates from RiverWatch (Flood Observatory) 
and GFMS

RiverWatch

Uses 
surface 

microwave 
observations 

related to 
streamflow

Station # 260 
19.39S, 34.51E
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GFMS
Streamflow

Satellite 
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 Real-time users need accurate information, quickly.  Multiple sources are 
available, at different time and space resolutions (and different latencies) 
and with different positive qualities and limitations. With multiple sources, 
users need info. to be “easy to compare” or integrated.

 How to use these resources in an integrated fashion taking into 
account timelines and quality??

Mozambique Flood Example what do we learn?



Bryk et 
al.

DRIVE Model

Precipitation
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 Challenge one: Global Validation of flood models
 Challenge Two: Precipitation Uncertainty and its impacts 

on flood prediction
 Challenge Three: Global drainage network derivation and 

parameterization
 Challenge Four: Global optimization (calibration) of flood 

models
 Challenge Five: Baseline global flood event database
 Challenge Six: Human activity impacts on floods: 

urbanization, dam/reservoir
 Challenge Seven: Climate change and LUCC impacts on 

flood prediction and the uncertainty in the assessment

HENG’s Mission & Keywords

Working together with wide provider and 
user community!



Take home message
Integrating Products

 Individual products (e.g., inundation estimates) will continue to improve with better observations, 
algorithms and modeling—but there will always be limitations in accuracy, availability, etc. So we also
need to be working toward melding or integrating our multiple estimates into a “best” estimate.

 For inundation, one possible approach:  Daily, model-based estimate as base, with optical and SAR
products as additional options where/when available.  All remapped and available as layers (if 
available); possible merger or best estimate as separate product.

 A technical starting point is simple comparisons to understand strengths/weaknesses, with possible 
product approaches driven by user interests.  

 This type of work needs programmatic integration too; a great place for leadership by certain funding 
agencies working together, but also “steering” jointly by entities like the Global Flood Partnership 
(GFP), UN-SPIDER.
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Thanks！



Wu et al., Remote Sensing of Environment (IF=8.12),2019



Yellow: modified MODIS flooding 
areaWu et al., 2019 in review

GFMS validation vs. 
Remote sensed images



Challenge Six: urbanization, dam/reservoir

Poster 5:



Mean Rainfall During March 4-21, 2019
IMERG (satellite) vs GPCC (gauges)

At least one gauge in each 1º 
grid

Although validation (gauges) 
are missing/questionable, it 
appears IMERG 
underestimated, especially at 
high end.
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Challenge: Elevation Maps

SRTM (NASA) Goal



Where large improvement is expected

For slope-sensitive application, MERIT DEM is recommended.

MERIT DEM + DRT = A new global 
hydrographic database

We applied the DRT algorithms to the MERIT global DEM and fine-scale hydrography 
derivations and produced a new upscaled global hydrographic dataset at multiple spatial 
resolutions from 1/120°(or 1km) to 1°. 

We are comparing the MERIT DEM and HydroSHEDS in flow direction, flow accumulation, 
network, flow distance, slope, etc. , and the corresponding upscaled results.



河网分级拓扑关
系

1/20，1/16，1/12，1/10，1/8，1/4，1/2，1， 2 degrees

(Wu et al., Water Resources Research, 2011,2012)

Challenge Three: Global Drainage Networks



Observed Flood Database

Simulated Flood Database

Integration into MGFI

Strahler Order

Derive HWC & MRC

USGS Gauges

Does the gauge meet 
all the requirements?

Extract flood events 

YES

Model Simulation

Extract flood events 

Gauges on 
stem river?

Gauges?

MRC

HWC

= 1

Flood Event 
Overlap?

≥ 2

≥ 2

= 1

Flood Event 
Overlap?

Combined flood events
YES

NO
Add flood events to observed database

Add flood events to observed database

Add flood events to observed database

Combined flood events from stem river grid cells

Combined flood events from all grid cells

Start Date: the start date of the most upstream gauge
End Date: the end date of the most downstream gauge

Start Date: the start date of the earliest gauge
End Date: the end date of the latest gauge

Observed Flood 
Database

Simulated Flood 
Database

Observation detected,
Simulation detected?

Observation detected,
Simulation missed?

Simulation detected,
Observation missed?

Verify the flood event using different 
precipitation products 

Extreme 
precipitation?

Multi-sourced Global Flood Inventory

Add observed flood event to MGFI

Add simulated flood event to MGFI

YES

Precipitation products: 
NLDAS-2, TMPA-RP, Stage IV, CPC-U, MRMS

Start Date: the start date of the most upstream gauge
End Date: the end date of the most downstream gauge

Combined flood events
YES

NO
Add flood events to observed database

Start Date: the start date of the earliest gauge
End Date: the end date of the latest gauge

MRC
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HWC: Head water catchment
MRC: Major river catchment

Multi-source Global Flood Inventory (MGFI)

Challenge Five: global flood database
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