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i My goal today...

= Not to bog you down with equations, but
present to you a qualitative understanding of
satellite remote sensing of precipitation
« Why we do it
= How we do it
= Show you a variety of techniques (not inclusive)
= Strengths and weaknesses of techniques

= Expose you to some operational applications

= Talk about issues with validation
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!L Outline

Principles of precipitation remote sensing overview
IR Methods

Visible and near IR methods

Passive Microwave Emission Methods

Passive Microwave Scattering Methods

BREAK

Integrated Satellite Methods

Applications & Examples (with an emphasis on operational
algorithms)

Validation
Assignment
Some References

*
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!L\/hy Precipitation?

= Key component of the water cycle!

= Societal importance The Hydrologic Cycle:
= fresh water
= agriculture
= water management,
i.e., droughts and floods

» Scientific importance
=« latent heat release - affects storm o
dynamics, circulation and atmospheric
structure
= affects ocean salinity
= Improved hydrological models
= Regional process - global process >

models
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i Role of satellites
Bl

= Limitation of radar networks and sparse gauge coverage
require satellites for estimating precipitation
W Polar orbiting satellites
= Good global coverage —poor temporal sampling
= Good choice of spectral intervals; IR, Vis, passive and active microwave
B Geostationary satellites ;
= IR and Vis , no MW channels
« Excellent temporal sampling , regional spatial coverage
= Provides excellent tool for estimates of extreme events, e.g.,

= Challenges

m Utilization of GOES and POES data for best estimates of precipitation at
all space and time scales
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WSR-88D Frequency of Rainfall Occurrence
| for 1998 - 2000
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dears can miss rainfall over river basins

Control Radsrs Gages Overlsyy Oplions Fiakds Edit Procip

Figure 1. Comparison of precipitation estimates from radar (left) and satellite (right) over the Rio Grande Valle
of Texas and northern Mexico, illustrating the limitations of radar coverage in this region. _




Distribution of stations in the Point Data Bank of GPCC (GTS data only) 4
Month: July 1987; Tcotal number of stations: 6328

Equator

Reliable, readily available gauge measurements cover
only a small portion of global land areas
Source of figure; DWDYGPCC

i Remote Sensing of Precipitation

De endds upon spectral response of precipitation to wavelength being
utilize

= Cloud tops, motion, changes — IR

= Cloud texture - vis

= Cloud droplets and ice particles — vis, near IR, IR, MW

= Precipitation phase - MW

= Depends if passive or active
= Radiometer
= Radar

= Depends on satellite type (POES or GOES)
= Spatial and temporal sampling

= Depends on nature of system
= Tropical vs. high-latitude

= Summer vs. winter
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Visible & IR Spectrum
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Satellite instruments designed to
take advantage of E.M. Spectrum...

Imager Instrument Characteristics (GOES I-M)

Channel number: L 2 3 4 5
' (Visible) | (Shortwave) | (Moisture) (IR1) (IR2)
10.20 - 11.50 -
Wavelength range (um) | 0.55-0.75 | 3.80 - 4.00 6.50 - 7.00 11.20 12.50
Instantaneous
Geographic Field of 1km 4 km 8 km 4 km 4 km

View (IGFOV) at
nadir
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Microwave Spectrum

“Window Channels” “Sounder Channels”
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;LAnd another instrument...AMSU

Channel | Frequency | Channel | Frequency
Al | 238GHz| A8 55.5 GHz
A2 314 A9-Al14 | 57.290**
A3 50.3 Al5 89.0
A4 52.8 Bl 89.0
A5 53.6 B2 150.0
Ab 54.4 B3-5 | 183.31**
A7 54.9
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i What about radars? ZQW

= Ground networks
= Most industrial nations operate dense radar networks
= Been in existence for over 50 years
= Wavelengths 3 — 10 cm (10 GHz or less); active system

= Spaceborne radars
= Only last 10 years or so
= TRMM Precipitation Radar
= Operates at 13.8 GHz
= 17 dBZ sensitivity
= 4 km horizontal and 0.75 km vertical resolution
= CloudSat
= 94 GHz cloud radar
= -26 dBZ sensitivity
= 3 km horizontal and 0.5 km vertical resolution
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Satellites

Geostationary satellites: are in orbit 22,238 miles
above the equator, which means they orbit at the same
speed as the Earth's rotation, keeping them above the
same spot on Earth. U.S. geostationary satellites are
called "GOES" for Geostationary

*Polar orbiting satellites: orbit over the North and
South poles about 530 miles above the Earth. Their
lower orbits mean their view is more limited, but they
have a more close-up view.
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iAdvantages of Vis/IR Sensors

= High Temporal Sampling
= 15 — 60 minutes
= Storm evolution
= Storm movement
= Flash flood events

= High Spatial Resolution
= 1-4 km (could be less, e.g., MODIS)

= Small scale features
= Stream/River basins for flash flood/hydrological models
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f.h IR Methods

= Most simple approach is to use IR cloud top temperatures to infer rain
rate
= The higher the cloud top, the heavier the rain is

= Nota t;ad assumption in convective systems with little horizontal shear (e.qg.,
tropics

GOES Precipitation Index (GPI) — Arkin and Meisner, 1987
TB<235 K indicator of tropical rainfall
= Shortfalls

= Non-convective systems (winter time); a lot of cirrus not associated with rainfall
= Strong shearing convective systems
Mislocation of precipitation

= Non-physical relationship between cloud top temperatures and surface rainfall
= There are methods that try to look at:

" 'EI;)rAepz\(Sjs in the IR temperatures: NESDIS Auto-Estimator, Vicente et al, 1998,

= Moisture environment (dry or moist): NESDIS AE

= Corrections using surface radar/Pauges, topographX, stability indicies, etc.:
NESDIS Hydro-Estimator, Scofield and Kuligowski, 2003
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i GOES 10.7 yum and rain rate

Radar Rain Rate & GOES-8 Temperature
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R = 1.1183*10%*(11) * exp [-3.6382 10%*(-2) * T**(1.2)]
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i Visible and near IR methods

= Precipitation clouds can be detected by textural
affects, brightness, evolution, etc from visible
imagery
=« Difficulties in quantifying such approaches due to sun
angle variations, sensor changes, etc.
» Lead towards subjective, interpretative methods
= NIR channels

= Sensitive to cloud droplet sizes in absence of cirrus
clouds
= Attractive for “warm rain” processes
= No ice phase
= Orographic rainfall
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i Vis and IR Algorithms: GMSRA

s GMSRA=GOES Multi-Spectral Rainfall Algorithm

= Uses Data from 4 Different Channels:

= Visible (0.69 pm)—discriminate between thin
(nonraining) cirrus and thicker (raining) clouds

= "Short” IR Window (3.9-um)—use reflectivity to
identify clouds that are warm but have large particles
near cloud-top and are thus producing rain

=« Water Vapor (6.7-um)—warm signature above
overshooting cloud tops differentiates from cirrus

» IR Window (10.7-pm)—texture screening of cirrus
clouds (low texture=cirrus; high texture=rain) and
calculation of rainfall rate (but dependent only on
value at pixel of interest) @
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Use of MODIS data: Chen et al. (2007)

= MODIS=Moderate Resolution Imaging Spectroradiometer
(MODIS) onboard NASA’s Terra and Aqua satellites
= 36 channel vis/NIR/IR sensor
= NOAA’s GOES-R ABI (Advanced Baseline Imager) will contain many
of MODIS channels
= NIR channels are used during daytime to sense cloud
droplet reflectance
= Caveat — No cirrus clouds
= Drop effective radius (DER)
= Use 1.6 ym, 2.1 uym, and 3.7 pm
= Various cloud absorption properties at these wavelengths allows for
DER profiling
3.7 um - cloud top
1.6 pm - cloud base
= Larger drops at bottom indicate drizzle or light rain

» Important in certain climate regimes
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iAdvantages of MW Sensors

= All Weather capability — can see through
clouds (unlike visible and IR)

= "Reasonable” data volume (but has poorer
spatial resolution than VIS/IR)

= Can fly on polar orbiters — global coverage
(but not high temporal resolution like GOES
satellites)
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i Emissivity (g)

= At MW frequencies, most surfaces/media
behave as grey bodies (e.g., € < 1)

= £ IS controlled:

= Dielectric constant/permeability
= Water surfaces have a low emissivity
= Medium configuration

= Particle size and spacing; “smooth/specular” or
“rough/diffuse” at MW frequencies - “effective” ¢

=cisaf(v,0,p)
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Lapd Surface Characteristics
TB(v) Properties over Land
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i MW Rainfall Signatures

= Over ocean, low emissivity of ocean surface allows us to
utilize absorption/emission process by rain drops to retrieve
rainfall intensity
= Most direct physical connection of ANY technique
= Limitations due to unknown freezing level heights, drop size
distributions and “beam filling”/non-linear TB response
= Over land, currently, can only rely on 85 GHz+ scattering
due to ice present in precipitation layer (fairly similar to
what a radar sees — bright band)
= Indirect relationship between ice in cloud and surface rainrate
= Still, more direct than IR, since it sees through cirrus
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Il?ainfall Signatures from MW

Emission — freq's <40 GHz
Scattering — freq’s >40 GHz

Cumulgnimbus

N N/}

Nimbostratus '\ [ /

0w

:L Scattering

= Scattering (Mie) in MW region occurs when the particle size
of the attenuating medium is comparable to the
wavelength:
= For 300 GHz > 1 mm
= For30GHz > 1 cm
= For 3GHz > 10cm

= Generally, a medium that scatters exhibits a decrease in TB
with increasing frequency when observed from a satellite
(e.q., refrozen snow, precipitation sized ice, desert sand,
multi-year sea-ice).

= Sensor design/retrieval algorithms utilize these properties

(although they are difficult to model and relate to relatively
large satellite IFOV’'s> inhomogeneity)
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ainfall Signatures (Model Based
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i Rainfall Over Ocean

= Utilize both emission and scattering signatures of rainfall

= Emission: 19-37 GHz/Scattering: 85+ GHz
= Rain identification:
= Emission:
=« CLW (Q) cloud/rain threshold (0.2-0.3 mm)
= Function of freezing level, cloud base, DSD, etc.
= Scattering:
= Scattering “Index” (ice phase/falling snow)
= Remove sea-ice signature
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i Rainfall Over Ocean (con't)

= Rain rate determination
» Empirical tuning to co-incident radar
= Physical tuning from cloud model simulations
= RR=a QP RR=aSIP
= Accuracy and limitations
= Instantaneous rain rate +/- 25%?
= Questions on low and high end rates
= Beam filling errors
= Rain area fairly reliable

27 April 2007 Lecture to AOSC 625 40
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i Rainfall Over Land

= At present, only utilize scattering signature:

« Emission not really feasible; it's there but signal is
smaller (high emissivity) AND emissivity highly

variable, but....future plans are to utilize improved land

surface emissivity models....
= Less direct measure of rain
= Mainly convective & widespread stratiform

= Special care to remove “false” signatures:
= Snow cover (melting snowpack), deserts
= Empirical “sceens”; decision tree approach
= Non-uniqueness of signatures
= conservative vs. aggressive screening
27 April 2007 Lecture to AOSC 625 41

Rainfall Over Land (con't)

= Rainfall detection via scattering 85/89 GHz:
= TB depressions indicate possible rain
= Larger the depression, heavier rain
= Proper rain/no-rain threshold to minimize noise
= Scattering Index=f(TB19,TB22)-TB85
= Rain Rate - radar or CRM tuned; RR = a SI b
= Accuracy and limitations:
= Instantaneous rate +/- 50%

= Summer season rain/no-rain most reliable
= "W. Coast” land systems problematic:

= maritime air mass/less ice/smaller precipitation particles?
= Single SI-RR used (ie, global "Z-R” relationship)

= Melting snow in winter and spring seasons
27 April 2007 Lecture to AOSC 625
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Use of high frequency measurements
from AMSU

Physical retrieval of ice water path (IWP) and
particle size (De) using AMSU-B 89 and 150 GHz:

De ~ Q(89)/Q(150)
IWP ~ De*(Q/Q(89,150))

Assumptions made on size-distribution & density

IWP to rain rate based on limited cloud model data

and comparisons with in situ data:RR = A, + A, *IWP +
A,*IWP2

Effects of surface misidentification (desert & snow)
reduced using 89 and 150 GHz
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To(zy, 1) at AMSU-B 89, 150 GHz

\ Q) = TB(-’Tb%ﬂZF?E)(Z:J*')
EACTRY S

7= L2/ L2150

/(

Te(zb, 1) Cloud base temperatures Tggo(zp, 1) and Tgiso
(zp.p) are estimated from AMSU low frequency
measurements at 23 and 31 GHZ.

Given the ice particle bulk volume density, Z7W/P and
De can be uniquely determined with satellite
measurements from two frequencies using the
following relationships (Zhao and Weng, 2001).
_ D,=a,+ a, r+ a, 1‘2{ asr? - ‘5@%
Qg or 150 = €xp (by + b; In(D,)+ b, (In(D,))?) %Hj
IWP = P, D, L250 or 150/ £2380 or 150 —
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* 10 Minute Break
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i Some Operational Algorithms

= GOES-Hydroestimator
= DMSP/SSMI FNMOC

= Goddard Profiling Algorithm (GPROF) -
TRMM, AMSR-E, SSMI

= NOAA/POES AMSU-B
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iOperationaI Algorithm Development

= What does operational mean?

= 24 hours/day, 7 days/week

= It's like your cell phone, radio and TV stations; you expect it to
be working ALL OF THE TIME!

= It has to be easy to fix if it breaks
= You need to have full time support staff

= Algorithm considerations:
« Complexity, processing, delivery “balance”
» Impact on other processing systems
= User requirements

= Simplify physical retrieval schemes & utilize approlpriate
channels on sensor (these are always carefully selected
when sensors are designed — radiative transfer models)!
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i GOES HydroEstimator

= Has its roots from early NESDIS work of Rod
Scofield and Satellite Applications Branch (SAB)
satellite analysts

= An interactive approach which looked at trends of GOES-
IR temperatures, moisture fields, etc.

= To ease burden on analysts, an automated, more
objective method was developed
= The “AutoEstimator”; geared for convective systems

= Next version of AE utilized ground data over US to
better integrate satellite, NWP and in-situ data and
work under all seasons
» The “HydroEstimator”
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Hydro-Estimator

n ellites: GOES
= Spectrum: IR

= Spatial Domain: Primarily CONUS, but is run in Mexico,
Central and South America

= Temporal Domain: Storm Scales

= Physical Basis/Empirical Coefficients:
= IR cloud top temperature and trends related to rain rate

= Utilize in-situ data, NWP, topography to alter rain rates based on
local conditions

= Calibration: Ground Radar from U.S.

= References: Vincente et al (1998), Scofield and Kuligowski
(2003)
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HE Estimates for New England
Flood, May 2006

Heavy rains over New England
during mid-May 2006 produced
the worst flooding in 70 years at |-
many locations and causing tens
of millions of dollars of damage.

o z 4 B B 10
HE Accumulated Rainfall {inches)
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NESDIS/FNMOC Algorithm

= Satellites: SSM/I
= Spectrum: MW
= Spatial Domain: Global
= Temporal Domain: Storm & Climate Scales
= Physical Basis/Empirical Coefficients:
= Grody 85 GHz “Scattering Index”
= Land/Ocean Scattering approach + Ocean emission
= Screening for anomalous surfaces (snow, desert, ice)

= Calibration: Ground Radar from U.S., Japan and U.K.

= References: Grody (1991), Ferraro and Marks
(1995), Ferraro (1997)
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ALGS85
Summary

TBiev TBisn TBzav TBarv TBesv
Land/Sea Tag

J__Tf’_,_—Al Land or Ocean |~—7‘_\C_>cear|

Identify Scatterer: =
si=10 Idenuty Scattarsr

(s1=10)
or

Emission Signal
Identify Snow™: (LWP > 0.2 mm)
TBazv=264 and

TBazv<175+0.49TBasv

Yeas

identify Sea-Ice:
—_| TBzzv<d4+0.85TB1ov
Yes or
TBzv>264 and

TB22wTB1ove2
Identify Arid Soll: -
TBasv> 253 b No
and
TB1zv-TB1c>7

Compute Raln Rate
Over Ocean:
FAR=.00188"S1""2.034 or
RR=.0017(100*Q)"*1.736

No

Compute Rain Rate
Over Land:
RR=.00513"SI"1.947

*
An additional check is made for refrozen snow when for the following regions:
January-March [Latitudes 25-80], April-May [Latitudes 40-90], June [Latitudes 60-90]

Refrozen snow is flagged if SI<60 and 264<TB{(22V)<268

28



18L.RITA 24 SEP 2005 0036Z

= ; . i ,ww.f 1. 0AVY . ! weh . ; =
27 April 2007 Lecture to AOSC 625 57 @

i GPROF (Goddard Profiling Algorithm)

Satellites: TRMM/TMI, AMSR-E, SSM/I
Spectrum: MW

Spatial Domain: Global
Temporal Domain: Storm & Climate Scales
Physical

= Couples CRM and RTE calculations

= Bayesian retrieval

= Matches actual satellite TB's with database of hydrometeor profiles and
surface rain rate

= Same physical assumptions applied to any imager/sensor
= Advantage — Unbiased retrievals across several sensors
= Calibration: Cloud Resolving Model (CRM)

= References: Kummerow et al (1996), Kummerow et al (2001),
McCollum & Ferraro (2003)
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AMSU-B Rain Rates

= Satellites: AMSU

= Spectrum: MW

= Spatial Domain: Global

= Temporal Domain: Storm & Climate
= Physical:

= First algorithm to utilize 150 GHz measurements
= Dual-frequency (89 and 150 GHz) scattering algorithm:
= Simultaneous retrieval of IWP and De
= Based on two-stream approximation to radiative transfer
= IWP converted to RR
= Calibration: Cloud model

= References: Zhao & Weng (2002); Weng et al (2003); Ferraro et al
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(2005), Qiu et al (2005) @

lce Water Path & Rain Rate

lee(Grauple) water Path (kg/m~2)

Q0 =) 10 15 20 25 30
27 April 2007 Rain Water Path {mm) @
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East Coast Snow/lce Storm — 14 February 2007

NOAA-16 i
Precipitation Type/Rainfall Rate NEXRAD Reflectivity NOAA-16 Snowfall Rate

} 3 b 1 5 Y 5
{mm/hr) 5 a {mm/hr)
_ e WD e I [— e e —
P el < SRR e s R e ey I e

33



The Rainfall Conumdrum

= GOES IR brightness temperatures...
= ...provide excellent spatial resolution, refresh, and
data latency

= ...BUT are weakly related to rain rates—especially for
non-convective rainfall

= Microwave brightness temperatures...

= ...are sensitive to cloud water / ice content—much
stronger relationship to rainfall rates than IR cloud-
top temperatures

= ...BUT, restriction to polar-orbiting platforms means
degraded refresh rate and data latency with respect
to geostationary data.
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i SCaMPR—a Solution (one of many)

= Self-Calibrating Multivariate Precipitation Retrieval

= Calibrates infrared data from GOES to microwave rain
rates in order to produce higher-quality rain rates with
the space / time resolution and data latency of
geostationary data

= Four steps:
= Match GOES and microwave data
= Calibrate rain/no rain separation
= Calibrate rain rate
= Apply to independent data
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Step 1: Match Data

= Match the GOES data (not just 10.7 um) to
available microwave rain rates from SSM/I and
AMSU
= Match within 15 minutes
= Aggregate GOES data to microwave footprint
= Separate into data with zero and non-zero microwave

rainfall

= Collect a suitable amount of data to ensure
statistically significant results

= Separate calibration data sets for 15x15-degree
lat/lon boxes with 5 degrees of overlap—allows
calibration to be regionalized while avoiding
spatial discontinuities
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i Step 2: Rain / No Rain Calibration

= Use discriminant analysis to:

= Select the best rain / no rain predictor from a
menu of possibilities;
= SCaMPR is NOT limited to using 10.7 ym, which is
a limitation of other combination algorithms—it can
use other channels, channel differences, or any
other desired predictor
= Determine the optimal threshold value for
separating raining from non-raining pixels
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i Step 3: Rain / No Rain Calibration

= Use stepwise linear regression to select
and calibrate the rain rate predictors

= Use only those data points with non-zero
microwave rainfall to avoid artifacts

= Fit each predictor against rain rate in log-log
space to develop nonlinear transformations of
predictors

= Again, SCaMPR is NOT restricted to 10.7 pm;
if another channel, channel difference, etc. is
better it will use that instead
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iStep 4: Apply to Independent Data

= Apply the resulting rain / no rain
thresholds and rain rate relationships to
data from subsequent GOES images

= Estimates are produced every 15 min in
real time on an experimental machine

= View the results at
http://www.orbit.nesdis.noaa.gov/smcd/e
mb/ff/scampr.html
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SCaMPR Predictors SCaMPR Predictands

Derived

Quantities

!

[Aggregate to microwave footprint]

‘ Match predictor and predictand pixels
(separate sets for raining and non-raining predictor pixels)

Raining pixels

N

Calibrate rain/no rain discrimination ’ Calibrate rain rate estimation
via discriminant analysis via multiple regression

Apply to independent predictor ’
data for rain rate retrievals

parison of

24-h totals ending
1200 UTC 24

March 2006
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i IR-MW Algorithms: CMORPH

= CMORPH=CPC MORPHing technique

= Developed by R. Joyce and colleagues at the
Climate Prediction Center (CPC)

= Uses IR imagery to interpolate the movement of
rainfall areas in MW imagery in between images

= Also interpolates growth/decay of MW rainfall
between MW images

= Produced globally at 0.727-degree resolution in
near-real time

= Contact: Bob Joyce at Robert.Joyce@noaa.gov
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%IL' CMORPH—Example

Dally Precipitation for: 07 Oct 2003 {(00Z-00Z)
Data on .25 x .25 deg grid; UNITS are mm/day

CMORPH Precipitation Estimates
A E s gy N

RAREEERREE

24-h Totals ending 0000 UTC 8 October 2003

27 April
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Some examples of product
use in weather forecasting
* and analysis
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:L West Coast United States

= TPW plumes ("Pineapple Connection”)
= 24-48 advance warning of heavy precipitation
= Duration of heavy precipitation

= Rain rates of offshore systems

= Model inadequacies:
= Poor timing of rain systems
= Poor moisture initialization
= Poor QPF/oragraphy
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“Typical” Example
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i Forecasting Tools: TRaP

= TRaP=Tropical Rainfall Potential—24-hour
precipitation forecast

= Produced by extrapolating microwave-based
instantaneous QPE along the predicted storm
track

= Forecasts produced automatically whenever
a new microwave image or track forecast
becomes available—posted in Web in graphic
format
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TRaP Derivation for Katrina
24 I beginning 2335 UTC 28 August 2005
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(24 h beginning 0000 UTC 29 August 2005)

* TRaP vs. Stage 1V for Katrina

AMSU

Stage IV

ae

[ T
: o 50 100 150 200 250 300
27 April ZCGW Tatal Reinfall {mrm N
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* Global Climate Applications
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SSMI Climate Time Series

19+ YEAR SSM/I RAINEALL CLIMATOLOGY (July g7 — Oct 06)
e e s

N

= Monthly mean products
derived from SSM/I since
July 1987:

= Precipitation rate and

frequency
= Snow cover frequency
= Sea-ice concentration I e T
= Oceanic total precipitable water Ninas Monthly Reipfoll snomely (mrfmer) from SSM/!
= Oceanic cloud liquid water and

frequency

= Ocean surface wind speed
= Products are archived at
NCDC

= Used by NCEP/CPC, JMA,
GEWEX/GPCP

Monthly Rainfall (mm)

Cold Phase
27 April 2007 Lecture to AOSC 625 ™ & e gge we e @
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CLOBAL PRECIPITATION ANALYSIS FROM DMSP SSM/]
SSM/I Rainfall (1987-06)
F < N ‘J_ 1-?‘— : 7 —'.
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Global Precipitation Climatology Project

Global Precipitation Climatology Project =
: RARR 4

= P is a project that is part of the
WCRP/GEWEX program

= Comprises of various “centers”,
several of which are NOAA/Climate
Program supported
= Current product suite (1979 —
present)
= Monthly mean 2.5°x2.5°
latitude/longitude

= Merged satellite and gauge, error
estimates

= Satellite components: microwave
and infrared estimates, error
estimates

= Gauge analysis, error estimates

= Intermediate analysis products,
e.g., merged satellite estimates

= Daily 1 x 1 degree, Pentad
27 April 2007 Lecture to AOSC 625

CALIVAL Component
MW Component

IR Component

o) ST Surface Reference Data Centre

Precipitation Data Centre (EVAC - U.OK)
IR T T ercompararison

ions

Merged Global Analysis

Station_Observations
(CLIMAT. SYNOP National Callections)
9

5 (mm day Iy 10
A 25-Year Precipitation Climatology ( 1979-2003)
Based on Observations from Muluple Satcllites
Decem
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feneral thoughts about validation

= What is the “truth” ?
= Storm scale - comparison with satellite FOV

= Climate scale — comparison with large areas/areas without
any surface measurements

= Need to know errors with comparison data
= Gauges: wind, point measurements, site location, etc.
= Radar:Z-R relationships, overshooting beam, beam blockage, etc.
= Is the ground data representative of the area?

= What stats are valuable?
= Correlation, Bias, RMSE, false alarms, ...
= Are they statistically significant?

. Imoeortance varies with agglication . @

27 April 20 Lecture to AOSC

i After nearly 15 years...

= The international rainfall community has “endured”
at least 6 algorithm intercomparisons (e.g., “a bake
off”) intended to decide which algorithms are the
best. Easier said than done!
« What is “better”
= Bias, correlation, false alarms?
= Uncertainties in “truth”

= Then came along the International Precipitation
Working Group (IPGW), established by the
WMO/Coordinating Group for Meteorological
Satellites (CGMS) in 2002.
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International Precipitation Working Group

The Inbemational Precipitation Werking Group (IPWG) was established as a permanent Working Grow of the C Growg for Salehtes (LGMS) on
3022 June 2001 in Ft. Colins, CO. The IPWG 15 co-sponsoned by CGMS and the Word Meteorological Organization (WMD) and focuses the scenbific community on
operational and research satelite based ive precipitation issues and cha.lenges

It pronides a forum for operational and research users of satelite precipitation ion on methods for measuring precipitation and the impact

of space bome precipitation measurements in rumencal weather and hrocxm‘lcurulos:llcnwlutmun illlj chmate studies.

PURPOSE
I the area of quanlitative precipitation estimation, the IPWG intends 10 Bbuild upon the expertise of scentists who are currerly from
satellites with emphasis on denmvation of products. The IPWG 15 establishad to foster the:
= devil of better . and i of their utilization;
. I|r|prwenvem uf stientific umle-smndlng
OBJECTIVES
The obyectives of the IPWG are.
1 mpmmmo standard nponnnml PrOCECUreS and COmMman Software for derving precipiation measurements from satelites,
2 to verification of prec derved from satelite data; inchading
3 refarance standards I‘m |he vabkdation of precipiation for weather, hydrameleorslogical and climate applications,
4 standard analysis that quantity the of ground based oW redevant ime and Space scales necded by satelite products;
5 to devise and implement regular procedures for the exchange of data on infer.c i af ional preci from satellites;
6. 1o stimulatbe increased intemational scientific research and developrment in this feld and 1o establich routine means of exchanging scientific results and verification
resuRs;
T mmnhn &g to I and i agencies regarding the uiilization of current and future satelite i on both polar
E d
2 oo ekt s benimine ek dline aith e onal ol icncednn elabal JSlknoticn of eosnnk

m_ International Prec,-p;!a!{on
'm Working Group ,<7:%%*

Heme Meetings Reports Newsletter Algorithms Products Calibration Validaticf Training)Links CGMS WMO Contact us News

VALIDATION

® IPWG Sponsored Validation Sites (the three sites are also listed below) D ———

® AMSH-E Valdabon Bam Gauge Nelwork o lowa, USA, fecal pomt Wilek Krajewsk
® BoM Weather Forecasting Group, Pages maintained by Beth Fhert

+ Forecast Verification - Issues, Methods and FAQ
+ RAINVAL - QPF Venhcalion
» SatRainVal - Validation of sateliite precipitation estimates aver Australia

% Giohal Precipitanon Chmatalogy Center (GPCC) Data Visualizer, tocal point Tohias 3 Fuchs

® |PWG European Compansan, focal point Chris Kidd

® NOAA'S Nabonal Cenler for Emaronmental Predichons (NCEP) Vabdabon page, focal point John Janowak
® Precipifafion Product Fvaluation aver CEOP Reference Sites focal point Kun-Lin Heu

® Program to Evaluate High Resclution Precipitation Products (PEHRPP), focal point Phil Arkin

® South Amenca's Daily Precipitation Validation Page, tocal point Damiel Viia

® University of Oklahoma, Surface Reference Data Center (SRDC), focal point Mark Mormissey

SOFTWARE

® [ ortran code and sonpls lor US vabdation

® 0L code and seripts for Australian validation *

® Practice data for Australian validation
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Va

dation / intercomparison of daily satellite precipitation estimates -- An IPWG project

DT e e 350801

Quick links:
Regional daily rainfall verifications:
BMRC Presiitation Verification Page - Verification of satelite precipitation &stimates over Anstralia
L Pr Precipiation Verificasion Page - Vesification of satelits precipitation ssimates over the US

Birminghan Precipitation Verification Page - Veriication of satelite precipation estmates over Eimope.
LAMMM Vahidation c(sue&:pemhnonﬁﬁnmmu South America
Disskn Precaitation Verdication Page - Verification of satelite i Japan (Bmsted dates)
Precipitation data archive:
IPWG By son Validation | Intercomparsion Stodv Diata Archive - Description of data archive

CICS Archive Site - FTP access to data archive

Rndla

1. Why validate satellite rainfall estimates?

There has been & eat deal af ressarch in the last two decades on methods for estmating romfill fom mfiared (TR) snd microwave satefite observations, As a resull there are now several satelite lgorithens
rermng operabonally snd semi-operationally ﬁmnubmd cesters mdmu:nim hpﬁnxnﬂummhhncpmuda rangag from half-hourly to monthly. The great advantage of space-based

precipiaion estimates is their global coverage, provide i pous el e & hle to other observing systems susch a3 rain gauges and radar. The
mdwudﬂm“nﬁmmdmmenlummeflMdnndlen(aMen:dmmmmdmﬂtzmm&hmuﬁpmdﬂm

P § TS S icas from the TRMM Precipitasion Radar provids the most accurate high resalution satelite-based rninfall estimates 1o date, but the samplng characteristics of this insmament
e quite Bmed

Rl proochucts from the operstional algonthms me casily obtamable via the web or FTP, and are being used for mmy dverse ) Jopeal grural, and other apphcatons. Tt s
I'h:u{mrmvﬁhiI.uhﬂndueﬂhuummﬂmmdmﬁmm;m“dmhnﬂmhsﬁmmm’w moimd truth” from tain gauge md o radas
abservations. A thorough verfication of satelite. ice products shoukd quantify their nccurncy in a wide range of weather and climate regenes, gve users information on the expected emmors in the
m-wu,)w‘paxmmamdrwqmnmdunmdllurwm@umﬂndumusd‘tbemiemwmunmmmnuwrm-ﬂddmpmm manitor the performance of
wxisting algorithms, and assist with mvaluating algarithm vpgrades. To get good estimates of absolte accuracy satellte products are verified against very high quality radar and gmuge data. However, these sites
are only few in number. To get estimates of repional and spatial accuracy i is necessany to s a much larger quassity of data, for example, from nasiceal rain gange aetworks While these verification data are.
less relishis thae those from high-quality sites, their arrors are wsually nmch smaller than thase atsocisted with the satelits estimates, af least on thort time scalet

Im 2003 the Internasional Precipiation Worling Groop (TPWG) began a project to vabdate and & ional and sem ienal enteliite rafall estimates over Australin and the US in nesr real
eme. A Ewopean verification was added in 2004, and other regions may be inclided in the foture. Thﬁﬂnd fmmhhvw&\ﬂmddﬁmﬁlm for two reasons. First, the large
eapber of rainfall observations from rain ganges af the 24 hwmx*wﬂiwmﬁ}\uﬁmmmlbyu* Second. daily rainfall estimates are required as input to a large munber of
mmm i Pn'x parison, |-day mumerical weather namnely the ECMWE, the US (NCEP), and US Nany ghobial models, and the
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13Z Z24Apr2007 thru 127 2BApr2007
Data on Q.25 deg grid (UNITS are mm/day)

guuge AM%PJ—EI V’ﬂ{;{ﬂ)r

N . Mumber of points: 13337, 13327, 13337,
CFC real—time Gouge Analysis £ points w/rain: 4915 4401, 4640
X Mean rain rate: 549 T.46 764
Gaond. rain rate: 1454 22.66 21.7%
Max. rain rate: 88.81 223.20 506.62
G5 G—R R—5
Gorrelatian: 0710 0.762 0.567
Mean Absolute Error: 4.B6 3.94 5.58
RMSE (mm fday): 12.41 14.04 17.B3
RMSE [normalized): 2,26 2568 2,32
Probability of Detection: 0,748 0777 0.778
False Alorm Ratio: 0,164 0177 0.17%
Blaz Ratio (rainine rain): 0.585 [SR=F 23 0.947
Heidke Skill Scores 0.677 0.688 0,686
Hanssen—Kuipers Seore: 0.BE2 0.880 0.E87
Equitabla Threat Score:  0.512 0.524 0.533
AMSU—B radar
<1 =1 <1 =1
<L TESD. [ F23. < 1 7e01. [ B21.
gauge qauge
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Satellite QPE Validation:
Australia

= Validation over Australia against 0.25-degree
daily raingauge analysis

= Evaluation of 13 different IR, MW, and
PR+MW algorithms plus precipitation
forecasts from 4 numerical weather models

= Numerous statistics for comparison, plus
spatial plots of all algorithms
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Australian Bureau of Meteorology
Validation Page

http://www.bom.gov.au/bmrc/wefor/staff/eee/SatRainVal/dailyval_dev.html

T T e——
Ag-lia. 2 . 3 8o 43 -

!
=

=
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i Assignment

Obtain and review - Ebert, E., J. Janowiak, and C. Kidd, 2007:
Comparison of near-real-time precipitation estimates from satellite
observations and numerical models. Bull. Amer. Meteor. Soc., 88,47-

1.

2. Examine IPWG web site/validation section:
www.isac.cnr/it~ipwg

3. I would like you to generate a 1-2 page report, plus supporting figures
(up to 4, from IPWG web page or literature) that:

. Compares two types of satellite precipitation products using the information on
the web site and explained during this lecture. Equations are NOT NECESSARY.

= Describe its performance over at least two regions (CONUS, W. Europe, etc.)
and two seasons (say a day in winter and a day in summer)

= You should provide enough information that demonstrates your basic
understanding of the retrieval methods, the validation metrics, and some insight
as to why the algorithms are performing good or poorly (i.e., this is a convective
storm, so algorithm A is better than algorithm B because...).

= You may also consult references provided on the IPWG web site for particular
algorithms

. DUE DATE: May 4? — please send to Ralph.R.Ferraro@noaa.gov and cc Prof. Li
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i Precipitation Overview References

= Arkin, P.A. and P.E. Ardanuy, 1989: Estimating climatic-scale precipitation from
space: a review. J. Climate, 2, 1229-1238.

= Ebert, E.E., M.]J. Manton, P.A. Arkin, R.E. Allam, and A. Gruber, 1996, Results
from2%h7e562%%l;algorithm intercomparison programme, Bull. Amer. Meteor. Soc,
77, -2887.

= Ebert, E., J. Janowiak, and C. Kidd, 2007: Comparison of near-real-time
precipitation estimates from satellite observations and numerical models. Bui/l.
Amer, Meteor. Soc., 88,47-64.

= Smith, E.A. et al, 1998: Results of WetNet PIP-2 Project. J. Atmos. Sci.,, 55,
1483 — 1536.

= Kummerow, C. et al, 2000: The status of the Tropical Rainfall Measuring
Mission (TRMM) after two years in orbit. J. Appl. Meteor., 39, 1965 -1982
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AMSU References
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microwave sensors. J. Appl. Meteor., 40, 1801-1820.
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