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« CHRS Multi-Satellite Precipitation Analysis

« Reconstruction of Historical Precipitation Estimation
for Hydro-climate Applications
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Climate Variability and Change & Extreme Hydrologic Events
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Floods & droughts are more
frequent due to climate variability
and change

Long term high resolution
precipitation data are needed for
hydroclimate studies




CHRS Remote Sensing Precipitation

Develop state-of-the-art systems to
estimate rainfall from satellite
observations at global scale and high G oal:

spatial and temporal resolutions
High spatial and temporal resolution

of precipitation measurements at
global scale for hydrological applications:
e Short-term operational applications
— Flood forecasting

— Data assimilation in numerical
weather models

Information Technology to provide
world-wide access to global
precipitation products:

/

e Long-term climate extreme event
analysis

Satellite
Precipitation
Decision
Support

e Hydro-climate studies
e Validation GCM models

Zoom{Pag/Navigate
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Satellite Data for Precipitation estimation

Geostationary IR
Cloud top data

15-30 minute temporal
resolution

Passive Microwave (SSM/1)
Some characterisation of rainfall
~2 overpasses per day per
spacecraft, moving to 3-hour

return time (GPM)

TRMM precipitation RADAR
3D imaging of rainfall

1-2 days between overpasses

( S-35°N-359)




Typical Microwave Coverage in 3 Hr

Precip (mm/c) Aug 1987 , N - . http://trmm.gsfc.nasa.gov/

TMI — white AMSR-E — medium grey
SSM/I — light grey AMSU-B — dark grey
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Global Precipitation Measurement (GPM)
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The GPM spacecraft will collect information that
unifies data from an international network of
existing and future satellites to map global
rainfall and snowfall every three hours.

Tanegashima Space Center, Japan

Friday, Feb. 28, 2014

w Center for Hydrometeorology & Remote Sensing, University of California, Irvine \j

UClIrvine

University of California, Irvine




GPM Animation S A
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Integrated Multi-satellitE Retrievals for GPM (IMERG)

Integrated Multi-satellitE Retrievals for GPM — IMERG
 NASA TMPA: intersatellite calibration, gauge adjustment
« NOAA CMORPH: Lagrangian time interpolation

o« U.C. Irvine: PERSIANN-CCS: neural-net microwave calibrated
GEO-IR

Address different user needs in 3 “runs”
o “early” (~4 hr after observation)
o “late” (~12 hr after observation)

o “final” (with gauge, ~2 months after observation)
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Integrated Multi-satellitE Retrievals for GPM (IMERG)

Liquid Precipitation Rate Frozen Precipitation Rate
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Interpolation of 3-hour Precipitation

Rain started between 3-hr period

Missed the peak

Rain ended between 3-hr period
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Short-life event
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recipitation Estimation from Remotely Sensed Information using
rtificial Neural Networks-Cloud Classification System (

Patch Classification Rainfall Estimation
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Cloud Types and Rainfall Distribution

Cloud Type Classification
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T,—R relationship
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Multiple vs. Single Curve Fitting Models
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Cloud Image Segmentation

Constant Threshold
(253 °K)

130W 120W 110W 100W

Variable Threshold
(Watershed Segmentation)
(210°K - 253 °K)
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Features Extraction

Height

V e [patch coldness, patch geometry , patch texture ]
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Self-Organizing Feature Map Image Classification

Radiance

Geometric SOFM cloud
classification
Texture algorithm

Dynamic

200 220 240 260 280 300
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Infrared Cloud Image & Rainfall Mapping

IR-RR Relationships of Different Cloud Patches
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SOFM Classification of Tb(IR)-RR Mapping

100 T T T T T ]
_ 80
gg 60
‘ﬂé 40
E
20
0
190
i‘i‘n\‘;ﬁ' X
QW Center for Hydrometeorology & Remote Sensing, University of California, Irvine UClrvine

University of California, Irvine




Radar Observation (2 km AGL)

PERSIANN-CCS Estimates

Ssummer
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IRain: http://irain.eng.uci.edu/
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LS CHRS iRain
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An Integrated System for Global Real-time Precipitation Observation
Tutorial About Us

Wed Nov 23 2016 06:24 GMT Lat-53 956, Lon -5.273

GRDC Gauge Rain Gauge
Image Time: Nov 12 2016 23:00 CMT
Current Laztime: 7 Hours and 23 Minutes

Legend (j:)

Radar (US only})

Rain
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Continue Development

Precipitation Estimation from Warm Cloud
Multi-Spectral Information

Two-stage DNN Model

Dynamic Cloud Model and Data Assimilation




Cover Warm Clouds

Patch Classification Rainfall Estimation
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Cloud segmentation

Th = 253 k
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Estimation Improvement(PERSIANN-CCS)
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PERSIANN-CCS, 120703 15:00 UTC, Th = 253 k mm/hr
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PERSIANN-CCS, 120703 15:00 UTC, Tb = 280 k mm/hr
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o 12 # of rainfall captured : TP(t = 253 K) = 7922 pixels
" # of rainfall captured : TP(t = 280 K) = 12405 pixels
> : # of rainfall captured specifically from warm clouds: TP(t > 253 K') = 1084 pixels
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Include Other Channels

a) Observation
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Two-Stage DNN for Rainfall Estimation

) TWO Stage process: ;‘;# F_k . WV Imageries ;

— Rain detection D !

i ification
— Rainfall estimation bl e
f "‘k

* Inputs:
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IR & WV channels /75 / / i/
e Outputs: l J
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Tao et. al. JHM, 2017
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Two-Stage DNN for Rainfall Estimation

Rain Detection ~ Rain Estimation
% & 5=

WYV Image
Fixels
'V Image

15x15 pixels

15x15
WV

Input Layer HiddenLayer]  HiddenLayer2 Output Layer Input Layer HiddenLayerl  HiddenLayer2 Output Layer
(Raw Image Pixels) (Probabilities of R/NR) (Raw Image Pixels) (Precipitation Amount)
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Evaluation of PERSIANN-CCS & Two-Stage Model

« Evaluation of PERSIANN-CCS & Two Stage Model

» Reference: Hourly & 0.08° Stage IV Radar Estimation
« Spatial Coverage: 30-45°N, 85-115°W

« Time Period: June—August 2013

0 i 2 3 ' 5
(a) PERSIANN-CCS - Summer (b) Two-Stage - Summer

Mean Square Error (MSE): (mm/hr)?
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PERSIANN-CDR

Precipitation Estimation from Remotely Sensed Information using
Artificial Neural Networks -Climate Data Record

Reconstruction of more than 30 years of
daily precipitation data (1983 ~2017)
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PERSIANN-CDR

« PERSIANN estimation at 0.25° every 3-hr from GridSat B1 IRWIN
« Monthly accumulation and bias adjusted using GPCP monthly estimation at 2.5°
 Bias adjustment of short-term 3-hr estimation

PERSIANN 3-Hourly Rainfall

Gridsat-B1  High Temporal-Spatial Res. Artificial Neural Network (0.25°%0.25°)
s IRWIN Cloud Infrared Images oy R
) ™ i {q,' T o (4 ‘ lA

Adjusted PERSIANN 3-Hourly
Ralnfall (O 25°x0 250)
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patiotemporal
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. Ashouri et al, BAMS, 2015
w Center for Hydrometeorology & Remote Sensing, University of California, Irvine M

™~ sity of Califor




PERSIANN -CDR

http://www.ncdc.noaa.gov/cdr/operationalcdrs.html * Dally PreC|p|tat|0n Data
« Data Period: 1983~2016
NOAA’s Climate Data o Coverage: 60°S ~ 60°N
Record (CDR) Program . .
« Spatial Resolution: 0.25°x0.25°

PRECIPITATION ESTIMATION FROM REMOTE SENSING
INFORMATION USING ARTIFICIAL NEURAL NE__TQL{-.K

Volume 96 Issue 1
(January 2015)

< Previous

PERSIANN-CDR

PERSIANN CLIMATE DATA SOME USES OF THE PERSIANN
RECORD SPECIFICATIONS CLIMATE DATA RECORD
= 0.25-deg * 0.25-deg (60°S—60°N = Climatologists can perform long-term climate studies at
latitude and 0°-360" longitude) a finer resolution than previously possible.
* Daily Product ts can use PERSIANN-CDR for rainfall-runoff
= 1980-—presen t il gional and global scale, particularly in

= Updated Monthly remote re; s
g extreme Event Analysis (intensity,

frequ. s, and duration of floods and droughts). - o
» Water Resources Systems Planning and Management

INPUTS TO THE PERSIANN PERSIANN CLIMATE DATA RECORD

CLIMATE DATA RECORD http://www.ncdc.noaa.gov/cdrfoperationalcdrs. html
= GridSat-B1 CDR {IRWIN) A 30 Year Globall Dady Procipiacion Dataset
= GPCP 2.5-deg Monthly Data CLIMATE DATA RECORD g

PROGRAM INFORMATION
http://www.ncdc.noaa gov/cdr/index.html

Ashouri, Hsu et al., BAMS, 2015.
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PERSIANN-CDR daily rainfall During Katrina 2005

2 4 5 0 12 15 17 20 25 30 35 40 S50 75 150 125 1!0 200 300 450 500 ELO nodata

PERSIANN-CDR 08-26-05 (mm/day)




Sierra-Nevada Mountain (California and Nevada)

20 9I[-)Iistc)ri\::all Daily Precipitation (mm/d) averages over Sierra-Nevada region (37° - 40° N, 122° - 118° W) (1983 - 2014)
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PERSIANN-CDR:

Potential Usefulness for Model testing

" NOAA’s Climate Data
Record (CDR) Program

PRECIPITATION ESTIMATION FROM REMOTE SENSING
INFORMATION USING ARTIFICIAL NEURAL NETWOR

Ashouri et al., BAMS 2015
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RCP2.6
Time period: 2006-2099
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CMIP5 Models’ historical simulation (1983-2005): CHINA

bec_csml 1 m CCSM4 HadGEM2-ES MIROC5 MPI-ESM-MR
(Chinese GCM) (NCAR, USA GCM) (U.K GCM) (Japan GCM) (Germany GCM)

Observation Observation
(CRU Dataset) (PERSIANN-CDR)

Mean Annual Precipitation (1983-2005) (mm per year)

0 00 1000 1500 2000
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PERSIANN-CDR Evaluation In Tibetan Plateau

80° E 90° E 100° E
1 1 1

L! b4 :
A Rainfall Station S
Bl River Outlet
s River
25° N E Upper Yellow River
Upper Yangtze River
Elevation
High : 8694

—
Low : 551

The selected river basins (the upper Yellow River and upper
Yangtze River Basin) on the Tibetan Plateau and location of
rainfall stations and river outlets.

Xiaomang Liu & Tiantian Yang, 2015
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PERSIANN-CDR Evaluation in Tibetan Plateau

l 500 1 i 1 i I I I I I I 1 I 1 600 I I I I I I I I I I I |
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Month Month

Comparisons of the simulated and observed average monthly streamflow
driven by the gauge-based precipitation and PERSIANN-CDR
precipitation for the two basins from 1983 to 2012.
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Conclusions

» Remote sensing precipitation is a way to extend rainfall
estimation to regions where ground observations are
limited.

» QOperation requirement of precipitation data:

— High quality near real-time estimation is needed for hydrologic
applications

 Precipitation Climate Data: PERSIANN-CDR:

— A more than 30 year daily precipitation data is introduced.

— PERSIANN-CDR is a very useful source for hydro-climate
studies.
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Who Uses CHRS Products

ser Statistics

CHRS Homepage G-WADI iRain RainSphere Data Portal

Total Visits: 641,401 since 01-Jan-2010
Countries: 198 countries registered

# Country Total Visits
1 == United States 403,254
2 il China 41,383
3 = Thailand 25,161
4 i § France 21,056
5 e Japan 16,079
6 ™= Germany 13,280
7 = Iran, Islamic Republic Of 11,801
8 = Israel 9,915
9 == |Jkraine 7,753
10 Bl Peru 7,440
1 1+l Canada 6,123
12 KX Viet Nam 5,754
13 == Poland 5,648
14 Bl Romania 4,539
Map data ©2017 | Terms of Use
15 = Netherlands 4,334
Month
Data Download User Visit
6.83
124,004 125,118
519
il 87,777 88,392
5 79,118
£ 2 65616
3 199 = 33,924 37452
1.04
034 036 038 051

Ur rnia, Irvine
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Thank you for your
attention!
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