ine Learning in Global Precipitation
CRSIANN System
Soroosh Soro

Center for Hydrometeorology and
University of California
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Climate, Hydrology and Water Resources

* How will Climate change affect precipitation

variability and water Availability?

* Can we predict the future changes
which are responsive

to “user’” needs?

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Information Relevant to Water Resources Planning

- Models: Frojections

ervan

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Required Hydrometeorologic Predictions
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e Seasonal-Scale Predictions
Short Range e T T T T =T Rt o »Long Range
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Flash Flood \Warning
Flash Flood Guidance
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IRI 3-Month Multi-Model Probability Precipitation Forecast

80" N+

60" N+

40" N

20" N

20" S

40" S

60" S

80°S{"

IRI Multi—Model Probability Forecast for Precipitation for
August—September—October 2019, Issued July 2019

P
i

White indicates Climatological odds

indicates dry season (no forecast)

160°W 120°'W 80'W 40'W 0’ 40°E 80°E 120°E 160°E

Probability (°%) of Most Likely Category
Below Normal Normal Above Normal @
40 45 50 60 70+ 40+ 40 45 50 60 70+

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



IRI 3-Month Multi-Model Probability Precipitation Forecast

IRI Multi-Model Probability Forecast for Precipitation for
January-February—March 2019, Issued December 2018

80" N
60" N+
40" N
20" N
0
20" S
40" S
60" S{——— , ,
White indicates Climatological odds
|| indicates dry season (no forecast)
80" S
160'W 120'W 80'W 40'W 0 40°E 80°E 120'E 160°E
Probability (%) of Most Likely Category
Below Normal Normal Above Normal
40 45 50 60 70+ 40+ 40 45 50 60 70+ 7

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Climate-Scale approaches to addressing hydrologic extremes

ShortRange = - =+ = = - = - =t =t =t = s = s = = -—~ | ong Range
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Future Modeling Scenarios (2006-2099)

Western U.S. future
model projections

Dr. Chiyuan Miao - BNU @

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Future Modeling Scenarios — IPCC AR5

B ; B ] .
Representative Concentration Pathways (RCP) Scenarios:

RCP2.6: represent ‘low’ scenarios featured by the radiative forcing of 2.6 W/m? by
2100, the resulting COj-equivalent concentrations is 421 ppm in the year 2100 .

RCPA4.5: represent ‘medium’ scenarios featured by the radiative forcing of 4.5 W/m? by
2100, the resulting CO,-equivalent concentrations is 538 ppm in the year 2100 .

RCPS8.5: represent ‘high’ scenarios featured by the radiative forcing of 8.5 W/m? by
2100, the resulting COj-equivalent concentrations is 936 ppm in the year 2100 .

1000
_ | Historical 936ppm
% 2001 Rrep2s
= 800- RCP4.5
= -
5 ol RCP8.5
s
5 600
5 5001
8” 400-/_\ 421ppm
W  ——————————
1960 1980 2000 2020 2040 2060 2080 2100

Time

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Time period: 2006-2099

CNRM-CM5 CSIRO-MK-3.6.0 - GISS-E2-R HadGEM2-ES
(France GCM) (US.GCM)... e
o
'
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4
l\\
X 3
\\% \
b
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b
i

Precipitation change (mm per day per decade)

-5 -4 -3 -2 -1 -05  -01 -005 -001 001 005 .M 05 A 2 3 4 5

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



RCP8.5 Time period: 2006-2099

CNRM-CM5 CSIRO—’QR-&.&” GISS-E2-R HadGEM?2-ES
(France GCM) (Australian GCM) (U.S. GCM) (UK. GCM)

X - .

l\‘{\] 4 ‘ ‘ l I - \
Precipitation change (mm per day per decade)

1 | | | |
01 05 A 2 3 4 5

-5 -4 -3 -2 -1 -05  -01 -005 -001 001 .005

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Recent Evaluation of RCM/GCM over Western U.S.

X
N
{
- 1=

. .| Models indicate different signs and magnitudes of changes in the

mean precipitation over the Western U.S. under the SRES A2
.. emissions scenario.

Change (%)
@)

N

MM5I/CCSM WRFG/CCSM  ECP2/GFDL HRM3/HADCM3 RCM3/CGCM3 CRCM/CGCM3
Trend of area-average precipitation (comparing 2040-2070 with 1970-2000)

n

C/ Wei Chu 2011 HB

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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A Key Requirement!

drometeorologic

£

Having adequate high resolution (time and Space) observations for model Input,

‘@m% Calibration, Testing, and to capture extremes is crucial ﬂ@
‘f

HS

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Space-Based Observations
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Precipitation Estimation from Remotely Sensed Information using Artificial

_—— il Netorhs (PERSIANN
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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-35 °)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Precipitation Estimation from Remotely Sensed Information using
Artificial Neural Networks (PERSIANN,

PERSIANN System “Estimation” Products

Hourly Global Prec:pltatlon Estlmates

“ Global IR seeresesttrasisiiantastraniane )
% § . £ -
‘ ‘ = L o =
Q LA : H
__.q:; A S e i
— Cloud Infrared Images 8
L 3
?B' MW-RR o
3 .‘ (TRMM, NOAA, DUISP Satelites) e
giw b | i g < el | Sampling Hourly Rain Estimate
MW-PR Hourly Rain Rates
(GSFC, NASA; NESDIS, NOAA)
Merging
2 GPCC & CPC Merged Products
2 Gauge Analys:s - Hourly rainfall
g » - 6 hourly rainfall
o : - Daily rainfall
8 - Monthly rainfall
'g PERSIANN
g Gauges Coverage % e saan
A =
O)

Center for Hydrometeorology and Remote Sensing, University of Califor




PERSIANN Websites and Apps
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PERSIANN Extensions: Weather-Related

http.//irain.eng.uci.edu

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



CHRS iRain capturing Tropical Storm Harvey - August 2017

irain.eng.uci.edu

CHRS iRain

An Integrated System for Globa! Real-time Precipitation Observation usir
Tutoral Products About Us Sun Aug 27 2017 21:41 OMT Lt 39.509. Lon -121 289 . : — @--
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Tracking Hurricane Florence (CONNECT Algorithm)
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Max Rain Intensity

94 mm/3hrs

I»"«.w;l Rain Intensity

15 mmy3hrs

Max Point Accum

282 mm

7.97e+5 km?

%‘o al Rain Volume 47 .41 km?

[Storm Duration 72 hrs

[From 2018 Sep 11 22:00

[To 2018 Sep 14 22:00

IS'.:) m Status Active
Storm Statistics

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Extreme rainfall event in Alabama (09-07-2018)
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An Integrated System for Global Real-time Precipitation Observation using PERSIANN-CCS
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PERSIANN Extensions: Climate-Related

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



PERSIANN-CDR

http://www.ncdc.noaa.gov/cdr/operationalcdrs.html

N O A A" S N ATI ONA AL CELEIEMEART S 12C D ATA CREEANSTEEAR

NOAA'’s Climate Data
Record (CDR) Program

PRECIPITATION ESTIMATION FROM REMOTE SENSING
|NFORMATION USING ARTIFICIAI. NEURAL NETW@R

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 « Hydrologists can use PERSIANN-CDR for rainfall-runoff
« 1980—present modeling in regional and global scale, particularly in
« Updated Monthly remote regions

« Performing extreme Event Analysis (intensity,
frequencies, and duration of floods and droughts).
* Water Resources Systems Planning and Management

INPUTS TO THE PERSIANN PERSIANN CLIMATE DATA RECORD

CLIMATE DATA RECORD http://www.ncdc.noaa.gov/cdr/operationalcdrs.html
* GridSat-B1 CDR (IRWIN)
* GPCP 2.5-deg Monthly Data CLIMATE DATA RECORD

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

www.climate.gov
www.ncdc.noaa.gov

Daily Precipitation Data

Data Period: 1983~2019
Coverage: 60°S ~ 60°N
Spatial Resolution: 0.25°x0.25°

Volume 96 Issue 1
(January 2015)

Ashouri, Hsu et al., BAMS, 2015.

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Sierra-Nevada Mountain Region

Area: 63,100 square kilometers (24,370 sq mi)

Length: 400 mile, Width: 64 mile.

Map Source: Google Earth 28

Center for Hydrometeorology and Remote Sensing (CHRS) ersity of California, Irvine



Res 9I(-)Iistorical Daily Precipitation (mm/d) averages over Sierra-Nevada region (37° - 40° N, 122° - 118° W) (1983 - 2014)
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Center for Hydrometeorology and Remote Sensing (CHRS) University of California, Irvine



CHRS RainSphere

QE1E0R0Lg

it CHRS RainSphere

s An Integrated System for Global Satellite Precipitation Data and Information

Home Info Tutorial

Map Layers

Cont. Basin Major River
Tributary Watershed

Pol. Division

Historical Satellite Observation

Future IPCC Projection

Accumulative Yearly

Average Monthly
Rain Statistics

Query By:  Country

Date Type: Yearly

From: 1983 g To: 2015

Please select a point on the map

About Us

Google

Lat: 14.094, Lon: 178.945

Rain (mm)

RainSphere Country Query
Area: 9,367,861 km?
Population: 1,393,783,836

Linear Trend y = Ox + 629.67
 Average (629.74
MKT:

Yearly Rain (mm)
2010

mm)
. alpha: 0.05, P: 0.84

Yearly Rain

Year
Yearly Rain (mm)
2011

Yearly Rain (mm)
2012

Yearly Rain (mm

2013

Yearly Rain (mm)
2014

Yearly Rain (mm)
2015

‘d p
Copyright © 2015 CHRS, UC Irvine. All rights reserved. | Map data ©2016 INEGI Imagery ©2016 NASA, TerraMetrics | 1000 KM b | Terms of |

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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CHRS RainSphere

CHRS RainSphere

An integrated System for Global Sateliite Precipitation Data and information

Yearly Rain

5 = . . RainSphere Political Div Query
Home Info Tutorial About Us Lat: 22.411, Lon: 117.883 Country: China

Map Layers ' » * 7 ' gion: Y AN
= L - Luzhou
Country Pol. Division

Cont. Basin Major River A Linear Trend y = -4.77x + 1213.08
: Liangshan = Average (1136.78 mm)

Tributary Watershed ‘ . i Lusqr{i MKT: DECREASING TREND, alpha: 0.05, P: 0.02

Rain Information > L Zjfotong
) Historical Satellite Observation § 2]
Future IPCC Projection \ mz&hlh#:a {\" Guivang
MEEH oY
Rain Layers . P =
- 3 £
Accumulative Yearly : : s Anshun 2
Average Monthly HHoN ZIH d

Kunming
A
L]

Rain Statistics

Query By:  Political Div &3

Wl

Year

n
+ HFFARGC RN .|

Date Type: Yearly ]

From: 1983 [ To: 2015 [
Please select a point on the map

Yearly Rain (mm)

1983

4. 1527.96mm

Yearly Rain (mm)
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Yearly Rain (mm)
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100 kMt | Terms of |

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Rainfall Trend Analysis: Countries and Political Divisions
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Precipitation trends from 1983 to 2015 over 201 countries (60°N - 60°S) and state/province political divisions 32
of US, Saudi Arabia and China Nguyen et al. BAMS (20]8)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Rainfall Trend Analysis: Continents and Oceans

Nguyen et al.
BAMS (2018)

Precipitation volume (km?3)

Precipitation volume (km3)
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. Precipitation
" trends over
. oceans and land

Hl Atlantic B Indian I Pacific

- | Precipitation changes
| over oceans

(No detectable trend)

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
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| I I 1 | 1

Precipitation changes
over continents
(No detectable trend)

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015

Changes in precipitation over oceans and land (60°S-60°N):

PERSIANN-CDR dataset 1983 to 2015. 33

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Regional Evaluations of PERSIANN-CDR

Many Regional Evaluation
of PERSIANN-CDR Have




Hydrologically-Relevant Data

Watisw thevalue of this
dataserito

upplication and
Viodelimgicommunities?

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Model historical simulation- China (1983-20035)

bec_csml 1 m CCSM4 HadGEM2-ES MIROCS MPI-ESM-MR
(Chinese GCM) (U.K GCM) (Japan GCM) (Germany GCM)

-,

Observation Observation
(CRU Dataset) (PERSIANN-CDR)

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

. | I 36

0 500 1000 1500 2000

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Model historical simulation (1983-2005)

CCSM4
(NCAR, USA GC

HadGEM?2-ES MIROCS
(UK GCM) (Japan GCM)

bcec csml 1 m
(Chinese GCM)

Observation
(CRU Dataset)

7" & .
‘\"*'ir- : -
y

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

0 200 400 600 37

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




CHRS Data Portal

http://chrsdata.eng.uci.edu
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DataPortal

Tutonal Products About Us Lat: 0352, Lon: 160.170
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0

PERSIANN-CCS PERSIANN-CDR

PERSIANN

The current operational PERSIANN (Precipitation Estimation from Remotely Sensed Information using
Artificial Neural Networks) system developed by the Center for Hydrometeorology and Remote Sensing
(CHRS) at the University of California. Irvine (UCI) wuses newral network function
classification/approximation procedures to compute an estimate of rainfall rate at each 0.25° x 0.25° pixel of
the infrared brightness temperature image provided by geostationary satellites. An adaptive tramning feature
facilitates updating of the network parameters whenever independent estimates of rainfall are available. The
PERSIANN system was based on geostationary infrared imagery and later extended to include the use of both
infrared and daytime visible imagery. The PERSIANN algorithm used here is based on the geostationary
longwave infrared imagery to generate global rainfall. Ranfall product covers 60°S to 60°N globally. Further
reading.

Data Period: March 2000 - Present

Coverage: 60°S to 60°N

Resolutions: 0.25° x 0.25°

Timesteps: 1. 3. 6 hourly. daily

FTP Download (full): 1 hourly. 3 hourly. 6 hourly. Daily. Monthly. Yearly

SERS X
T - N - 7 2 , 3
Latest Update: Near real-time with 2 day delay Dataset PERSIANN-CCS v Time Step Daily v [Domain| W

hole Globe M

Selected References: S
Sorooshian, S.. P. Nguyen. S. Sellars. D. Brasthwaite. A. AghaKouchak. and K. Hsu. 2014: Satellite-based — ——

remote sensing estimation of precipitation for early warning systems. Extreme Natural Hazards. Disaster DateTime 2016-10-12 m Visualize || Clear Image Legend@
Risks and Societal Implications. A. Ismail-Zadeh. J.U. Fucugaucht. A. Kijko. K. Takeuchi. and I. Zaliapin.

Visualization Downloac Comg

News FAQ

Houston Flooding Rainfall

Huricane Patricia News & Recent Events
RamnMapper

Check out our RamnSphere

Super Typhoon Harvar © .
PERSIALNEDR Dotseet Houston Flooding Rainfall

The second most severe rainfall in Houston since 1888

Houston flooding rainfall in18th of April 2016 was the second wettest calendar day on record for official reporting stations in Houston, since 1888, with 9.92 inches of rain
measured at Bush Intercontinental Airport. The storm hit the area in two major waves: the first wave stopped over the area by the high pressure system late on 17 April. Fed by the
moisture originating from the Gulf of Mexico and moving north, the second and more intense wave was triggered early on 18 April.

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




What is Next?

o High-Resolution PIERSTANN-CDR

S Next Ve sivinof PERSTANN-CCS

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



High Resolution Precipitation Climate Data Record (PERSIANN CCS-CDR)

* PERSIANN-CCS estimation at 0.04° x 0.04° lat-lon scale
* Bias adjustment of PERSIANN-CCS estimation using passive microwave
rainfall estimation
* Bias adjustment using GPCP estimation at 2.5 degree monthly
Louisiana flood, August 12, 2016

a) StagelV b) PERSIANN-CDR d) PERSIANN-CCS-CD

33°N 33°N

32°N 32°N

31°N 31°N

30°N 30°N

29° N

91°W 90°W 89°W 91°W 90°W 89°W 91'W  90°W 89°W 4(0)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine

29°N




PERSIANN Dynamic Infrared - Rain rate model (PDIR)

Average annual rainfall in mm/year (2008-2013)
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine



PERSIANN Dynamic Infrared - Rain rate model (PDIR)
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PERSIANN Dynamic Infrared - Rain rate model (PDIR)
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Usage of CHRS’s products

RS User Statist
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Take Home Message

* Despite advances to date, predicting the future Hydro-Climate
variables will remain a major challenge:

* Natyge is complex and observing and modeling its nonlinear
beha So, “have a will to doubt” the

» Long-term

especial ition.
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Somewhere in New Mf;':o, USA - Photo: J. Sorooshian



