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GOES W and GOES E IR Imagery



2

27 April 2007 Lecture to AOSC 625 3

27 April 2007 Lecture to AOSC 625 4

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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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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Types of Instruments we’ll discuss

TRMM

TMI PR
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Why Precipitation?

Key component of the water cycle!
Societal importance 

fresh water
agriculture
water management,  

i.e., droughts and floods 
Scientific importance

latent heat release - affects storm 
dynamics, circulation and atmospheric 
structure
affects ocean salinity
Improved hydrological models

Regional process global process 
models
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Role of satellites

Limitation of radar networks and sparse gauge coverage
require satellites for estimating precipitation

Polar orbiting satellites
Good global coverage –poor temporal sampling
Good choice of spectral intervals; IR, Vis, passive and active microwave

Geostationary satellites
IR and Vis , no MW channels 
Excellent temporal sampling , regional spatial coverage
Provides excellent tool for estimates of extreme events, e.g., flash floods

Challenges
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

Mountains/Data Voids

Limited Offshore Coverage
Range Issues

Satellites Offer Perfect Compliment
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Radars can miss rainfall over river basins

Figure 1.  Comparison of precipitation estimates from radar (left) and satellite (right) over the Rio Grande Valley 
of Texas and northern Mexico, illustrating the limitations of radar coverage in this region.
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Reliable, readily available gauge measurements cover 
only a small portion of global land areas
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Remote Sensing of Precipitation
Depends upon spectral response of precipitation to wavelength being 
utilized

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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Electromagnetic Spectrum
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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: 1 

(Visible)
2

(Shortwave)
3 

(Moisture)
4 

(IR 1)
5 

(IR 2)

Wavelength range (um) 0.55 - 0.75 3.80 - 4.00 6.50 - 7.00 10.20 -
11.20

11.50 -
12.50

Instantaneous 
Geographic Field of 
View (IGFOV) at 
nadir

1 km 4 km 8 km 4 km 4 km
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Microwave Spectrum
“Sounder Channels”“Window Channels”

1 cm
1 mm
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And another instrument…AMSU
 Channel Frequency Channel Frequency

 A1 23.8 GHz A8 55.5 GHz
 A2 31.4 A9-A14 57.290**
 A3 50.3 A15 89.0
 A4 52.8 B1 89.0
 A5 53.6 B2 150.0
 A6 54.4 B3-5 183.31**
 A7 54.9
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What about radars?
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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GOES Visible Imagery
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GOES IR Imagery
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Advantages 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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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
Not a bad assumption in convective systems with little horizontal shear (e.g., 
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:
Trends in the IR temperatures: NESDIS Auto-Estimator, Vicente et al, 1998, 
BAMS
Moisture environment (dry or moist): NESDIS AE
Corrections using surface radar/gauges, topography, stability indicies, etc.: 
NESDIS Hydro-Estimator, Scofield and Kuligowski, 2003
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GOES 10.7 µm and rain rate

R = 1.1183*10**(11) * exp [-3.6382 10**(-2) * T**(1.2)] 
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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

27 April 2007 Lecture to AOSC 625 26

Vis and IR Algorithms:  GMSRA

GMSRA=GOES Multi-Spectral Rainfall Algorithm
Uses Data from 4 Different Channels:

Visible (0.69 μm)—discriminate between thin 
(nonraining) cirrus and thicker (raining) clouds
“Short” IR Window (3.9-μm)—use reflectivity to 
identify clouds that are warm but have large particles 
near cloud-top and are thus producing rain
Water Vapor (6.7-μm)—warm signature above 
overshooting cloud tops differentiates from cirrus
IR Window (10.7-μm)—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 µm, 2.1 µm, and 3.7 µm

Various cloud absorption properties at these wavelengths allows for 
DER profiling

3.7 µm cloud top
1.6 µm cloud base

Larger drops at bottom indicate drizzle or light rain
Important in certain climate regimes
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Advantages 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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Emissivity (ε)
At MW frequencies, most surfaces/media 
behave as grey bodies (e.g., ε < 1)
ε 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” ε

ε is a f (v,Θ,p)
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Emissivity ( )
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Ocean Surface Characteristics

180 

200 

220 

240 

260 

280 

300 

TB
(V

) (
K)

15 25 35 45 55 65 75 85 

Frequency (GHz)

Tropics,Clear,Calm Tropics,Clear,Wind Tropics,Cloudy,Calm

Tropics,Cloudy,Wind Poles,Clear,Calm Multi-year Ice

First-year Ice Tropical, Convective Rain Mid-Latitude, Stratiform Rain

TB(V) Properties over Ocean



17

27 April 2007 Lecture to AOSC 625 33

Land Surface Characteristics
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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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Rainfall Signatures from MW

Nimbostratus

Cumulonimbus

0 C

0 C

0 C

0 C

Emission – freq’s <40 GHz
Scattering – freq’s >40 GHz
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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
For 30 GHz 1 cm
For  3 GHz 10 cm

Generally, a medium that scatters exhibits a decrease in TB 
with increasing frequency when observed from a satellite 
(e.g., 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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Example SSMIS Imagery
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Rainfall Signatures (Model Based)
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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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Rainfall Over Ocean (con’t)

Rain rate determination
Empirical tuning to co-incident radar 
Physical tuning from cloud model simulations
RR=a Q b  RR = a SI b

Accuracy and limitations
Instantaneous rain rate +/- 25%?

Questions on low and high end rates
Beam filling errors

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

•De ~ Ω(89)/Ω(150)

•IWP ~ De*(Ω/Ω(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 = A0 + A1*IWP + 
A2*IWP2

Effects of surface misidentification (desert & snow) 
reduced using 89 and 150 GHz

Use of high frequency measurements 
from AMSU
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10 Minute Break
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Some Operational Algorithms

GOES-Hydroestimator
DMSP/SSMI FNMOC
Goddard Profiling Algorithm (GPROF) -
TRMM, AMSR-E, SSMI
NOAA/POES AMSU-B
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Operational 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 appropriate 
channels on sensor (these are always carefully selected 
when sensors are designed – radiative transfer models)!
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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

Satellites: 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)

27 April 2007 Lecture to AOSC 625 50



26

27 April 2007 Lecture to AOSC 625 51

27 April 2007 Lecture to AOSC 625 52



27

27 April 2007 Lecture to AOSC 625 53

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. 
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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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SSM/I Rain Retrieval Algorithm
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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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Aircraft - Radiometer

GPROF Retrieval

Aircraft - Radar
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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
(2005), Qiu et al (2005)
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Ice Water Path & Rain Rate
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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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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 µm) 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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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 µm, 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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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 µm; 
if another channel, channel difference, etc. is 
better it will use that instead

27 April 2007 Lecture to AOSC 625 72

Step 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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GOES T6.9 µm GOES T10.7 µm GOES T13.3 µm

T10.7-T13.3

S = 0.568 (T10.7,min-217 K)

Gt-S = (T10.7,avg-T10.7,min)-S

T10.7-T6.9

SSM/I Rain Rates

AMSU Rain Rates

SCaMPR Predictors SCaMPR Predictands

Aggregate to microwave footprint

Calibrate rain/no rain discrimination
via discriminant analysis

Calibrate rain rate estimation
via multiple regression

Raining pixelsDry pixels

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

Apply to independent predictor
data for rain rate retrievals

Derived
Quantities
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Comparison of 
24-h totals ending 
1200 UTC 24 
March 2006
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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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CMORPH—Example

24-h Totals ending 0000 UTC 8 October 2003
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Some examples of product 
use in weather forecasting 
and analysis
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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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Tropical
Plume

Tropical
Plume

“Typical” Example
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Frontal
Rain

Convective
Clusters

Frontal Rain
Systems
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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 h beginning 2335 UTC 28 August 2005
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TRaP vs. Stage IV for Katrina
(24 h beginning 0000 UTC 29 August 2005)
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Ground Truth



43

27 April 2007 Lecture to AOSC 625 85

Global Climate Applications
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SSMI Climate Time Series

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

Precipitation rate and 
frequency
Snow cover frequency
Sea-ice concentration
Oceanic total precipitable water
Oceanic cloud liquid water and 
frequency
Ocean surface wind speed

Products are archived at 
NCDC
Used by NCEP/CPC, JMA, 
GEWEX/GPCP

Warm Phase

Cold Phase

Neutral
Phase

December 2006
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Global Precipitation Climatology Project

GPCP 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

Global Precipitation Climatology Project 

EUROPE

Data Processing Centres

GMS Meteosat GOES NOAA

JAPAN UNITED STATES

scattering
(ocean)

Precipitation Data Centre
Polar Satellite

emission
(land+ocean)

NASA-GSFC NOAA-NESDIS

GPC Merge Development Centre
Merged  Global  Analysis

Precipitation Data Centre
Geostationary  Satellite

Global  Tropics
NOAA - National  Weather  Service

NASA  - GSF C

MW  Component
CAL/VAL  Component

IR  Component

Station  Observations
(CLIMAT, SYNOP National Collections)
Gauge - Only Analysis
Global Precipitation Climatology Centre

DWD  - GERMANY

Algorithm  Intercompararison 
Program
New  Observations

Surface  Reference  Data Centre

(EVAC  - U.OK)  

EUROPE

GPCPGPCP

December 2006
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General 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?
Importance varies with application
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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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IPWG Sponsored Validation Sites
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CPC Validation Web Page
http://cpc.ncep.noaa.gov/products/janowiak/us_web.html
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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
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Assignment
1. 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-
64.

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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