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Validation using in situ data from 5 networks, 

203 sites in all
Networks used: COSMOS, PBOH2O, SCAN, SNOTEL, USCRNubRMSE CYGNSS

0.047 cm3 cm-3

ubRMSE SMAP

0.050 cm3 cm-3

The UCAR/CU CYGNSS Soil Moisture Product

data available to download:

https://data.cosmic.ucar.edu/

CYGNSS ubRMSE 0.026 cm3 cm-3, SMAP ubRMSE 0.038 cm3 cm-3
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24 total rain events

CYGNSS saw 10: 42%

SMAP saw 5: 21%

rain event

Was there an observation made on the same 

day as the rain event?

Did the soil moisture increase significantly 

with respect to the observation before it?

Precip data: TRMM Multi-Satellite Precipitation Analysis



Jan 1, 2018 - April 1, 2019

TRMM Multi-Satellite Precipitation Analysis

SMAP CYGNSS

Blue: CYGNSS responded to more rain events
Red: SMAP responded to more rain events

CYGNSS sees more rain events than SMAP

Fraction of rain events observed by 

CYGNSS

CYGNSS - SMAP

Fraction of rain events observed by 

SMAP
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Soil Moisture Memory

-a phrase with 1000 different definitions

google found 510 

journal articles 

written since 2015 

about soil moisture 

memory



Soil Moisture Memory

-a phrase with 1000 different definitions

google found 510 journal 

articles written since 2015 

about soil moisture memory

McColl et al. used SMAP data and 

found that the soil surface retains a 

median 14% of precipitation falling 

on land after 3 days.



Fraction of water left in the top 5 cm after 1 day: 1 −
𝐴

𝐵

Time

S
o

il 
M

o
is

tu
re

A

B

Large fraction is left

Time

S
o

il 
M

o
is

tu
re

A
B

Small fraction is left

The simplest of metrics



CYGNSS data show that the land surface 

retains a median of 53% of precipitation 

after 1 day

also, 37% is left after 2 days, and 17% is left after 3 days

Fraction of water left after 1 day
10



update:

using CYGNSS to 

map flooding and 

inundation



S
N

R
 (

d
B

)

0

10

20

0 0.5 1
-10

fractional open water in the footprint

Observations when wind speed < 0.5 m/s

Water

SNR →

Option 1: Option 2:



Option 3:



Option 3:



SNR = 25 dB

one CYGNSS footprint



Probability = 0.05 Probability = 0.8

SNR = 25 dB
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Before After



Water detected before Idai

Water detected after Idai



0 5 10 15 202.5

Km

MOZAMBIQUE
Tete and Zambezia Provinces

Imagery analysis: 20 March 2019 | Published 21 March 2019 | Version 1.0

Tropical Cyclone

TC20190312MOZ

This map illustrates satellite-detected surface

water in Tete province, Mozambique as

observed from Sentinel-1 imagery acquired

on 20 March 2019. Within the analysed

extent of about 10,000 km2,  a total 350 km2

of lands appear to be flooded as of 20 March

2019. This is a preliminary analysis and has

not yet been validated in the field. Please

send ground feedback to UNITAR - UNOSAT.
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Charre

Nsanje

Nharugue

Mutarara

Chirombe

Morrumbala

Vila Fontes

Gombe-Gombe

Tembe-Tembe

Vila de Sena

T E T E

Z A M B E Z I A

S O F A L A

S O U T H E R N  R E G I O N

C A I A

M O R R U M B A L A

M U T A R A R A

N S A N J E

M O P E I A

C H E M B A

M O Z A M B I Q U E

M A L A W I

Sources: Esri, HERE, Garmin, Intermap, increment P Corp., GEBCO, USGS, FAO,

NPS, NRCAN, GeoBase, IGN, Kadaster NL, Ordnance Survey, Esri Japan, METI,
Esri China (Hong Kong), swisstopo, © OpenStreetMap contributors, and the GIS
User Community
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The depiction and use of boundaries, geographic names and related data shown here are not warranted

to be error-free nor do they imply official endorsement or acceptance by the United Nations. UNOSAT is

a program of the United Nations Institute for Training and Research (UNITAR), providing satellite imagery

and related geographic information, research and analysis to UN humanitarian & development agencies

& their implementing partners. This work by UNITAR-UNOSAT is licensed under a CC BY-NC 3.0.

UNITAR - UNOSAT - Palais des Nations CH-1211 Geneva 10, Switzerland - T: +41 22 767 4020 (UNOSAT Operations) - Hotline 24/7 : +41 75 411 4998 - unosat@unitar.org - www.unitar.org/unosat

Satellite detected waters extents,

as of 20 March 2019 over the

Tete and Zambezia provinces,

Mozambique

Satellite Data (Post): Sentinel-1

Imagery Dates: 20 March 2019

Resolution: 10 m

Copyright: Copernicus 2019 / ESA

Source: ESA

Satellite Data (Pre): Sentinel-1

Imagery Date: 25 January 2019

Resolution: 10 m

Copyright: Copernicus 2019 / ESA

Source: ESA

Boundary data: OCHA ROSEA

Basemap : ESRI

Waterway : HOTOSM

Analysis : UNITAR - UNOSAT

Production: UNITAR - UNOSAT

Analysis conducted with SNAP 6.0 ArcMap v10.6.1

Coordinate System: WGS 1984 UTM Zone 36S

Projection: Transverse Mercator

Datum: WGS 1984

Units: Meter
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Satellite detected water [20 March 2019]

Satellite detected water [14 March 2019]

International boundary

Does this method work? 

* Represents different time periods: 

UNITAR Mar 20, CYGNSS Mar 11-22 

Mostly optical data



Water detected before Idai

Water detected after Idai

* Represents different time periods: 

MODIS Mar 23, CYGNSS Mar 11-22 

DFO: MODIS



Summary
(I think) CYGNSS is the only way to answer 

some short term surface hydrology 

questions.

Downscaling CYGNSS inundation 

maps is showing promise, but I’m not 

all the way there yet.





5 100


