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Common practice in Flood and River Flow Forecasting

Observatlons (QPE)

River Discharge

. Forecast » )
Current Time Time

i Animation Assisted by: Q. Xia & Gi-H. Park
7 Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Precipitation

Measurement and estimation has and
continues to be one of the

KEY

hydrometeorologlc Challenges
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Push towards High Resolutlon ( Spatial and Temporal)
Observations and Modeling
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Precipitation Observations: Which to trust??
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Coverage of the WSR-88D and gauge networks

Daily precipitation

1 km AGL gages (1 station per 600 km”2
for Colorado River basin)
Maddox, et al., 2002 hourly coverage

even more sparse

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




Radar-Gauge Comparison (Walnut Gulich, AZ)

Precipitation event:

Rain gauge data: Aug. 11, 2000

Storm depth (mm)
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Radar data:

70% overestimation
by the radar!

Z=300R14, 2.4° elevation, HEiIThresh:SG dbz
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Space-Based Observations




Satellite-Based Rainfall Estimation: Promising !

Observations from space: Near-continuous, global coverage,
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Satellite precipitation retrieval instruments

1) Using GEO satellites
(Infrared/Visible channels)

Advantage:
- Good temporal and spatial resolution
(30 min or less, 4 km)

- very good coverage

Disadvantage:
-Recelves mostly cloud —top information

-Indirect estimation of precipitation.




Problems with IR only algorithm

Assumption: higher cloud -2 colder = more precipitation

High level: 6 km or MOTEREN
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High level: 6 km or more
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Satellite precipitation retrieval instruments

2) Microwave

Advantage:

- Responds directly to hydrometeors
and penetrates into clouds

- More accurate estimates

Disadvantage:
-low temporal and spatial resolution (~5-50km)

-Heterogeneous emissivity over land:
(e.g., problem with warm rainfall over land)

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



Satellite precipitation retrieval instruments

3) Active Radar
Advantage:

-More accurate

- good spatial resolution

Disadvantage:
- Poor temporal resolution

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



Typical Microwave Coverage in 3 Hr

Precip (mm/d) Aug 187 ;N . http://trmm.gsfc.nasa.gov/
TMI — white AMSR-E — medium grey

SSM/I — light grey AMSU-B — dark grey

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Interpolation of 3-hour Precipitation

Rain started between 3-hr period d

Missed the peak

Rain ended between 3-hr period

Short-life event

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



Conceptual Framework for higher resolution Precip.

We have no idea what is going to happen until next PMW overpass

PMW QR -~~~
Rain
observation

High-frequency
observation of cloud- top

+  Cloud Classification Techniques (e,g, those
used in PERSIANN (CCS and MSA)

Forward propagation
of precipitation field

A= ——




Precipitation Estimation from Remotely Sensed Information

Meural Networks (PERSIANN)




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

PERSIANN System “Estimation” Products

Hourly Global Precipitation Estimates

CY Global IR geeeeestttttitttttiiiiinnaans
R I * EFFEH ]
.'C_U' o) ke ekl e —»E:EE%E
O A HH
.'Q_‘_) (CPC, NOAA) el Temperal Sl Res, T
— Cloud Infrared Images
Q
"C—U' . MW-RR

TRMM, NOAA, DMSP Satellit

0 QL e

S -

o

= Sampling Hourly Rain Estimate

%' i, s 2
MW-PR Hourly Rain Rates
(GSFC, NASA; NESDIS, NOAA)

Gauges Coverage

e GPCC & CPC Merged Products
2 Gauge Analysis - Hourly rainfall
= e Lol )

> | Ty My - 6 hourly rainfall
? : LN g\ @ A - Daily rainfall
Sk L R o - Monthly rainfall
(=

>

<

O

",

[ Fd
'.__'\'

=
1

Center for Hydrometeorology and Remote Sensing, University of C:






Stages of a Convective Storm and Rainfall Distribution

TOWERING CUMULUS STAGE
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Cloud Segmentation Algorithm

Patch Feature Extraction Patch Classification Rainfall Estimation
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Real Time Global Data: Cooperation With UNESCO
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Real Time Global Data: Cooperation With UNESCO
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Real Time Global Data: Cooperation With UNESCO
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PERSIANN Satellite Product On Google Earth
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Achieving higher resolution for Hydrologic applications

There Is no debate about the importance of GEO (VIS/IR)
Information for hydrological applications. However,

Questions:

Can Multi—spectral images help us to improve
GEO-based precipitation estimation ?

How can we extract efficient information from
LEO(PMW) and GEO (VIS/IR) images ?

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



The ABI (Advanced Baseline Imager) on GOES-R

 Currently many sensors provide multi-spectral images with high spatial
and temporal resolution.

* SEVIRI Is a sensor on Meteosat Second Generation (MSG) satellite
that has 12 spectral bands.

 In Approx. 2015, ABI sensor on GOES-R will provide 16 spectral
bands.

Figure courtesy of ITT Industries

*Together a great opportunity to investigate the role of multi-spectral
data for precipitation estimation

Behrangi et al (2009 a &b) | & X




Relative-frequency dist. of different channels (rain / no-rain) conditions
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By counting satellite pixels under rain and no-rain conditions we can plot the relative frequency curves
for each spectral band. These curves indicate that different spectral channels show different capabilities to

distinguish between rain and no-rain pixels




Case Study: Hurricane Ernesto August 30,
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GPM Mission: Target Date 2013-1014

OBJECTIVES

® 1 Main satellite + 8 Smaller
Satellites \

® Provide sufficient global sampling
to significantly reduce uncertainties
in short-term rainfall accumulations

Future looks bright and will bring us more
advances for precipitation Estimation

S—
\W Center for Hydrometeorology and Remote Sensing, University of California, Irvine






Spatial-Temporal Property of Reference Error

= A B

40N

—
(53]
'

35N

1°x1°, Daily

0.25°x0.25°, W/of |

—
[}

30N

25N
125W 120w 115W 110W 105W 100W

1°x1°, Monthly

Reference Error: 6, mm/day

o, ~(1/4T)!

Reference Error: o, mm/day

’\O.g"’ (1/AA)C2

Temporal Resolution Spatial Resolution
Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Reference Error: AT = 24-hour, AA = 0.25°%0.25°
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Scaling Property of PERSIANN-CCS Reference Error
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US Daily Precipitation Validation Page

http://www.cpc.ncep.noaa.gov/products/janowiak/us_web.html
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Evaluation of PERSIANN Daily Rainfall

01-09-2011 (0.25-degree resolution)

FERSIANM estimates for 201107102

Daily gauge analysis
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Equitable threat score= 0328

Source: IPWG Validation over Australia: http://cawcr.gov.au/projects/SatRainVal/sat_val_aus.html
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Evaluation of PERSIANN Daily Rainfall

01-10-2011 (0.25-degree resolution)

FERSIANN estimates for 20110110 Daily gauge analysis (land only) for 20110110
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Satellite Rainfall Estimation for Operational Use

ireamflow forecastlng of a catchment in US using UCI-PERSIANN rainfall Estlmates -

fOF Lse in'the US National Weather Service Runoff Forecasting System (NWSRFS) iy
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Satellite Rainfall Estimation: Research at UC Irvine

RAINGAGE

PERSIANN
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2000 Months 2001 Yilmaz et al. JHM 2005

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



Basin Scale Precipitation Data Merging
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Runoff Forecasting from Gauge, PERSIANN, and Merged Rainfall
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Estimating Future “Short-Term” Rainfall:

1- Models: (NWP - QPF)

2- Extrapolation-based Nowcasting




Efforts in Extending the Forecast Lead Time

Observations (QPE)

»

>
-9
<

River Discharge

Forecast < )
Current Time Time

Animation Assisted by: Q. Xia, Gi-H. Park & L. Bastidas
Center for Hydrometeorology and Remote Sensing, University of California, Irvine




7@+, Provided by: J. Hoke

HPC QPF verification
1-inch threat score

TS = (hits) / (hits + false alarms + misses)
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