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EPS –SG is the second generation of the EUMETSAT Polar System (EPS) which will 

provide meteorological data for about 21 years or more (~2021-2042). EUMETSAT 

will operate polar orbiting satellites carrying on board instruments as the Microwave 

Imager (MWI), the Ice Cloud Imager (ICI) and the Microwave Sounder (MWS). The 

MWI instrument has 18 channels whose frequencies range from 18.7 GHz up to 183 

GHz. All MWI channels up to 89 GHz measure radiance both in V and H polarisations. 

The MWI will not only provide continuity of measurements for some heritage 

microwave imager channels (e.g. SSM/I, AMSR-E) but will also include additional 

channels such as the 50-55 / 118 GHz bands. The ICI will provide unprecedented 

measurements over the sub-millimetre spectral range contributing to an innovative 

characterisation of clouds over the whole globe. The ICI has 9 channels measuring 

radiance at 183 GHz, 325 GHz and 448 GHz with single V polarisation and two 

channels at 243 GHz and 664 GHz with both V and H polarisation. The MWS is a 

cross-track sounder which has a direct heritage from the Advanced TIROS Operational 

Vertical Sounder (ATOVS) instruments flying on the National Oceanic and 

Atmospheric Administration (NOAA) KLMN’-series satellites and on the EUMETSAT 

Metop satellites, namely the Advanced Microwave Sounding Unit (AMSU) and the 

Microwave Humidity Sounder (MHS) instruments. MWS has 24 channels ranging from 

23.4 GHz up to the novel 229 GHz, which can be used both for atmospheric sounding 

but also for cloud retrieval. The expected benefits that the new observations bring to the 

measurement of clouds and precipitation from space will be described. 
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Drop Size Distribution (DSD) plays a key role in developing rainfall retrieval algorithms. It 

is defined as the number of drops per unit volume of air and per unit of drop diameter 

interval. The instruments called disdrometers measures the size of drops falling through a 

small measurement area or impacting on sensing surface in a given time interval from 

which DSD is estimated using drop fall velocity that can be both assumed or measured by 

some disdrometers. DSD can be expressed as the product of the concentration of the 

raindrops in a volume of air by a probability distribution (pdf) of the drop size in the unit 

volume of air. The pdfs defined by two parameters proposed so far are the gamma (by far 

the most popular), the lognormal and Weibull. The 2D video disdrometers (2DVD) 

deployed by the GPM Ground Validation Programme have made available large 

drop-by-drop datasets collected at different locations. We performed a statistical analysis of 

such datasets to evaluate the absolute performance of the three distributions mentioned 

above considering also the role of the relation between drop terminal velocity and diameter. 

Using both complete and truncated maximum likelihood methods we fitted more than 

42.000 1-minute drop spectra from HyMeX SOP1 in Italy, MC3E (Oklahoma), IFloodS 

(Iowa), and the IPHEx (Appalachian Mountains, US). The Kolmogorov–Smirnov test was 

used to verify the adequacy of the fittings and a specific model selection technique to 

evaluate the relative quality of each model. In general, the three distributions were 

appropriate, but all of them are adequately supported by statistical goodness-of-fit tests 

only for limited samples sizes. The gamma is ranked as first, pointing out the 

adequateness of light-tailed pdfs. However, the heavy-tailed lognormal pdf is the best in 

a significant number of cases, typically characterized by high values of maximum 

diameter, rainfall rate, and mass spectrum mean diameter. The opposite is valid for the 

Weibull distribution. However, in ∼ 60% of the samples the use of the distributions 

considered in this work is not statistically supported by the KS goodness-of-fit test.  
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Accuracy of climate-scale precipitation means and variations is important to set the 
foundation of our knowledge of the hydrological cycle and how it is changing under 
global warming and other inter-annual to inter-decadal forcings. 

A main basis for this climate-scale work over the past 20+ years is the Global 
Precipitation Climatology Project (GPCP) monthly product, a globally complete 
precipitation analysis based on satellite and gauge information for the period 1979 
to the present.  As a NOAA Reference Environmental Data Record (REDR) product a 
new version (Version 2.3) has been developed for production at UMD and archive 
there (gpcp.umd.edu) and soon at NOAA NCEI.  In addition, an Interim monthly 
product (available within 10 days of the end of the month) has been developed and 
implemented for availability to the research and operational communities.  The 
slight, but significant differences with the new GPCP version are described, 
including the slightly higher means over ocean for the last decade or so due to past 
problems switching from SSMI to SSMIS and other factors.  A new gauge analysis 
from GPCC is also included.  The planetary mean GPCP number is now 2.69 mm/d 
(+/- ~7%), a slight 1% higher than the earlier version.  A time history of global 
precipitation (both totals and patterns) is shown emphasizing the trends and the 
combined and separate effects of inter-decadal changes and global warming.  The 
strength of the just-ended El Nino in terms of precipitation anomalies is also 
discussed.  

In the tropics, TRMM mean rainfall (from the TRMM Composite Climatology [TCC]) 
in general confirms the GPCP ocean mean value, with other studies including 
CloudSat data showing a slightly higher value.  Including higher latitude ocean areas 
the CloudSat study (Behrangi et al., 2014) gives a near global ocean values ~3% 
higher than GPCP—over a limited time period. 

GPM retrievals are still maturing, but early results had passive microwave and radar 
results higher than GPCP (and TRMM) over the tropical oceans and lower than GPCP 
in higher latitude oceans.  GPM results from the latest version of the retrievals will 
be compared to GPCP over ocean and land in this talk. 



In addition, ENSO variations and related relations between surface temperature and 
precipitation anomalies are examined.  With TRMM data the surface temperature -
rainfall relations based on the radar data were very different from that based on 
TRMM passive microwave data or GPCP results.  Early analysis indicates that the 
results from the GPM radar are more similar to the passive microwave results in this 
context, based on results for the 2015-2016 El Nino. 
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ABSTRACT 

 

The Time-Resolved Observations of Precipitation structure and storm Intensity with a 
Constellation of Smallsats (TROPICS) mission was recently selected by NASA as part of the 

Earth Venture–Instrument (EVI-3) program. The overarching goal for TROPICS is to provide 
nearly all-weather observations of 3-D temperature and humidity, as well as cloud ice and 

precipitation horizontal structure, at high temporal resolution to conduct high-value science 
investigations of tropical cyclones, including: (1) relationships of rapidly evolving precipitation 
and upper cloud structures to upper-level warm-core intensity and associated storm intensity 

changes; (2) the evolution of precipitation structure and storm intensification in relationship to 
environmental humidity fields; and (3) the impact of rapid-update observations on numerical and 

statistical intensity forecasts of tropical cyclones.  TROPICS will provide rapid-refresh 
microwave measurements (median refresh rate of 21 minutes for the baseline mission) over the 
tropics that can be used to observe the thermodynamics of the troposphere and precipitation 

structure for storm systems at the mesoscale and synoptic scale over the entire storm lifecycle. 
TROPICS comprises 12 CubeSats in three low-Earth orbital planes. Each CubeSat will host a 

high performance radiometer to provide temperature profiles using seven channels near the 
118.75 GHz oxygen absorption line, water vapor profiles using 3 channels near the 183 GHz 
water vapor absorption line, imagery in a single channel near 90 GHz for precipitation 

measurements (when combined with higher resolution water vapor channels), and a single 
channel at 206 GHz that is more sensitive to precipitation-sized ice particles. This observing 

system offers an unprecedented combination of horizontal and temporal resolution to measure 
environmental and inner-core conditions for tropical cyclones on a nearly global scale and is a 
major leap forward in the temporal resolution of several key parameters needed for assimilation 

into advanced data assimilation systems capable of utilizing rapid-update radiance or retrieval 
data.  
 

                                                                 
1 This work was sponsored by the National Aeronautics and Space Administration under Air Force contract FA8721-
05-C-0002.  Opinions, interpretations, conclusions, and recommendations are those of the authors and not 

necessarily endorsed by the United States Government. 
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ABSTRACT 

The research sought to investigate the significance of trends in annual rainfall in the 45 

weather stations across the country using rainfall data obtained from the Nigerian 

Meteorological Agency (NiMet) spanning a time interval of 35years (1981-2015). The 

data points were statistically aggregated into their relevant agro-ecological zones in the 

country. Parametric (Z test) and non-parametric (i.e. Mankandall Test) procedures were 

then employed to test for the significance of the trends. Additionally, the study also 

sought to compute the change points in the rainfall values as well as the magnitude of 

the changes through the use of a unique software simply called CHANGE POINT 

DETECTOR. The reliability and validity of the results obtained are backed by their 

associated confidence levels. High rainfall variability where observed in stations around 

the Swamp forest and the Sahel savannah agro ecological zones. Similarly, moderate to 

high variability were observed in the Tropical rainforest, the Guinea and Sudan 

Savannah zones.  Significant upward trends in annual rainfall over the Swamp, Guinea, 

and Sudan and Sahel agro-ecological zones in the country were observed. Additionally, 

over these zones annual rainfall during the period under review (1983-2015), increased 

from 2140 to 2866mm (with a 100% confidence level), 1341 to 1436mm (with a 96% 

confidence level), 861 to 1097mm (with a 100% confidence level), 480 to 665mm (with 

a 100% confidence level), respectively. However, the tropical region showed no 

significant trend in annual rainfall at the 1% level of significance which invariably 

resulted in the finding that there is no significant change in annual rainfall in this region. 

Accordingly over this region annual rainfall, during the period under review, remained 

at 1,608mm. It is based on these findings that the subsequent assessment and 

discussions vis-à-vis implications of the results for agriculture and water resources 
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In this study a variety of level 2 products are estimated in West Africa 

thanks to polarimetric radar data. This include : i) two passive microwave 
instantaneous precipitation retrieval algorithms (CDRD and PNPR) developed 

within the EUMETSAT H-SAF to deliver operational precipitation products; ii) the 
BRAIN level 2 developed in the framework of Megha-Tropiques  and iii) NASA 
gprof. These products are compared with in-situ precipitation measurement in 

three different zones of West Africa. The precipitation in this region is mostly due 
to organized meso-scale convective systems. These systems are characterized 

by a deep convective front associated with intense rainfall followed by a 
stratiform region with lower rain rates: the complex structure of these systems is 
a challenge for estimation algorithm.   Moreover, the presence of arid 

background surface (desert) in some regions makes the precipitation retrieval 
more challenging due to the emission signal of the background surface. 

PNPR algorithm is based on a Neural Network approach for cross -track 

scanning radiometers such as AMSU-A, MHS flying in NOAA18, NOAA19 and 
MetOp platforms. The second algorithm, CDRD, is based on a Bayesian 

approach developed for conically scanning radiometers onboard DMSP satellites 
(SSMI/S). BRAIN and GPROF are also known algorithms based on a Bayesian 
approach. The first validation dataset is composed by a X-band polarimetric 

radar (Xport) located in Ouagadougou, Burkina-Faso during 2012-2013 rainy 
seasons. The polarimetric information is important for overcoming strong 

attenuation by rain at X-band and derive precise estimation of the rain rates. The 
second validation dataset  (2012-2014) is composed of two study zones in Benin 
and Niger equipped with a high density of rain gauge network well suited for 

validation of instant rainfall field. 
The ground radar data is upscaled to the resolution of the satellite 

estimation to account for the differences in spatio-temporal resolution between 
the two data sets. The validation results for each platform, algorithm and climatic 
zone will be presented. The correlation between the time series is good, showing 

the good ability of the satellite estimation to detect rainfall and its variability. 
However the results are more mitigated in terms of quantification of rainfall and 

reproduction of rain rates probability distribution. Results and comparisons will be 
discussed in details. 
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The investigation and evaluation about quality, limitations and uncertainties of satellite rainfall estimates 

are primary to provide information to algorithms developers about the aspects to be improved in their 

products, besides to ensure the proper use of these products in diverse applications such as natural hazard 

monitoring and hydrological modeling. In this context, an evaluation of the rainfall retrievals from the 

Bayesian algorithms for conically-scanning radiometers Cloud Dynamics and Radiation Database 

(CDRD) (recently extend to the MSG full disk area, including Brazil), and GPROF (Level 2 products, 

V04), has been carried out based on ground-based measurements collected during GoAmazon/CHUVA 

Intensive Operation Periods (IOPs – March and September 2014) in the state of Amazonas, Brazil.  In 

the validation the X-Band CHUVA radar and S-Band SIPAM radar measurements and rainfall estimates 

are used as reference. 

An evaluation of algorithms in terms of detection and retrieval of rainfall has been carried out on specific 

case studies, considering mesoscale convective system, stratiform precipitation, and convection/stratiform 

precipitation developed over Amazon/Negro rivers. In a preliminary analysis, a good detection capability 

by both CDRD and GPROF is observed. However, significant overestimation of light precipitation is 

present in both products, but it is more significant for CDRD. . Regarding to the heavy precipitation 

CDRD overestimates the rainfall associated to the convective cores and produces larger extension of 

these areas in comparison with the S-band radar. The GPROF, on the other hand, tends to underestimate 

the most intense precipitation. It will be shown that the overestimation found for CDRD derives mainly 

from the scarce representativeness of the cloud-radiation database used as a priori information in the 

algorithm for the Amazon region, both in terms of precipitation microphysics, and in terms of brightness 

temperatures (TBs).  Moreover, the impact of the background surface characterization in the CDRD and 

GPROF algorithms on the rainfall estimates has been analyzed in detail. Discrepancies have been found 



between the surface type classification in two algorithms and the TB signature at low frequency from 

GMI and AMSR-2 (10 and 19 GHz V and H polarization), and SSMIS (19 GHz V and H polarizations) 

observations, varying significantly depending on the basin size and from west to east. Preliminary results 

based on a new approach for surface characterization based on high spatial resolution measurements at 

low frequencies from AMSR-2 and GMI will be presented.  
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In the last decades the increasing occurrence of extreme weather events in urban areas 

has highlighted some weakness and gaps of the observing network systems used by civil 

protection organizations. More specifically, the precipitation parameter is characterised 

by very high spatial and temporal variability so that the measurement networks fail to 

monitor it with the necessary precision and rarely are able to distinguish the type of 

precipitation to provide meaningful information at urban scale.  

Polarimetric weather radars are instruments that can extract information about the type 

of precipitation, but they are expensive and often characterized by difficulties during 

installation procedures (obtaining authorizations, risk for population exposure to 

electromagnetic fields, etc.). Disdrometers are able to characterise the precipitation type 

also on the different height levels of the vertical atmospheric profile above their 

installation sites. 

In this work, an innovative, very low cost instrument for characterizing precipitation in 

terms of both rain rate and raindrop size is presented. The instrument is an acoustic 

disdrometer working with the same principle as an ordinary microphone that converts 

sound waves in electric signals. A piezo detector, fixed to the bottom layer of the acoustic 

disdrometer, converts the vibrations caused by the drops impacting the instrument to an 

electric signal, which is the input for data logger and processing. 

After some preliminary laboratory tests the instrument was placed on the roof of the 

LaMMA Consortium, where an operational tipping bucket raingauge is also available. 

The signal provided from the piezo-element is then registered from the acquisition card 

and converted in wave format files. 

The signal processing is composed of two analysis algorithms; the first one is in the time 

domain, where the signal amplitude can be easily managed and the waveforms caused 



by the raindrop are characterised by an initial peak followed by damping oscillations due 

to the relaxation of the piezo-element to the equilibrium state. The hydrometeors 

impacting the sensor are distinguishable by displaying their amplitude versus time, as 

the amplitude of the initial peak is much greater than the background noise. The peak 

amplitude is correlated to the size of the impacting drop, as well as the transient time. 

The number of raindrops falling in a certain time interval is correlated to the rain rate 

in the same time interval. The chosen time interval is 1 minute. Some analysis 

limitations are due to the background noise amplitude introduced by the cable and the 

sensor and the external acoustic noise (i.e introduced by air conditioning machines in 

proximity of the sensors, traffic noises, airplanes, etc…) 

The second processing algorithm is in the frequency domain: Short Time Fourier 

Transform (STFT) was performed. The preliminary STFT analysis in the frequency 

domain shows very clearly the impact of the hydrometeors, as the signal consists of a 

wide spectral dynamic. The selected case study, relative to a short time period in which 

eight hydrometeors impact the sensor, shows that the eight drops can be clearly 

recognized in the frequency domain but not easily in the time domain. This behaviour 

persists even in the quantitative analysis of the signal, as the frequency domain is more 

sensitive and can more directly extract information. For this case, a short time interval 

(1 s) has been chosen to avoid too many impacts of hydrometeors, a circumstance that 

would make unclear the example. 

The calibration of the disdrometer capabilities has been carried out by measuring the 

response to known size and speed hydrometeors similar to that of a typical rainfall event. 
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The present study developed an Ensemble-based Variational Assimilation (EnVA) 

scheme for a Cloud-Resolving Model (CRM) with a sampling error damping method 

that consisted of a dual scale separation of forecast error and a Neighboring Ensemble 

method (DuNE). In the EnVA, we obtained the optimal analysis increment for the 

ensemble mean by minimizing a three-dimensional cost function (the control variables 

included precipitation and the ratio of total water content to the saturation mixing ratio 

(RHW2) etc.). We calculated the mixing ratios of water subsistence from precipitation 

and RHW2 using the minimum square method. We employed Bishop’s transform 

matrix to calculate the analysis increments for ensemble members. 

We performed experiments using the above EnVA scheme to assimilate Advanced 

Scanning Microwave Radiometer 2 (AMSR2) brightness temperatures (TBs) at 10, 18, 

23, 36, and 89 GHz with vertical polarization for a Typhoon Etau (T1518) case (17 UTC 

8st Sep. 2015). The assimilation made large-scale analysis increments for relative 

humidity, surface pressure, and horizontal wind speeds, and moistened a spiral band 

area to the south-east of typhoon. The assimilation also changed meso-scale 

precipitation rate and vertical updraft patterns around the typhoon. The assimilation 

significantly improved a CRM precipitation forecast up to 30 hours, in particular, by 

strengthening and stagnating a rain band over the Kanto Plain. 
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The GSMaP Microwave Imager (MWI) precipitation retrieval algorithm employs the 

first guess of physical variables given by TRMM-based precipitating cloud models etc. 

in its forward calculation. In the present study, we performed statistical error analyses of 

the forward-calculated brightness temperatures (TBs) of the conventional algorithm 

using the TRMM observation data and improved the first guess based on the analyses.  

First, we compared the forward calculation of TB19v and TB37v with TMI observations 

over sea. The results show: 1) The forward calculation using the conventional first guess 

of Cloud Liquid Water Content (CLWC) overestimated TBs for most points with very 

weak precipitation (0 – 0.2 mm/hr); 2) The forward calculation from the PR surface 

precipitation tended to underestimate TBs for points with small precipitation 

inhomogeneity or large Precipitable Water Content (PWC). 

Based on the results, we set the CLWC first guess as a function of precipitation 

inhomogeneity and PWC. This improved the precipitation retrieval by enlarging weak 

precipitation areas and reducing positive biases for homogeneous precipitation. 

We also compared the forward calculation of PCT37 and PCT85 with TMI observations 

over land. The results show that the forward calculation from the PR surface 

precipitation tended to overestimate TB depressions for points with low surface 

temperature. Based on this, we corrected the first guess of surface temperature using the 

PCT37 observations. This correction reduced negative biases of retrieved precipitation 

for low surface temperature areas. 
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Current global precipitation (P) datasets do not take full advantage of the complementary 

nature of satellite and reanalysis data. Here, we present Multi-Source Weighted-Ensemble 

Precipitation (MSWEP), a global P dataset for the period 1979–2015 with a 3-hourly temporal 

and 0.25° spatial resolution, specifically designed for hydrological modeling. The design 

philosophy of MSWEP was to optimally merge the highest quality P data sources available 

as a function of time scale and location. The long-term mean of MSWEP was based on the 

CHPclim dataset but replaced with more accurate regional datasets where available. A 

correction for gauge under-catch and orographic effects was introduced by inferring 

catchment-average P from streamflow (Q) observations at 13,762 stations across the globe. 

The temporal variability of MSWEP was determined by weighted averaging of P anomalies 

from seven datasets; two based solely on interpolation of gauge observations (CPC Unified 

and GPCC), three on satellite remote sensing (CMORPH, GSMaP-MVK, and TMPA 

3B42RT), and two on atmospheric model reanalysis (ERA-Interim and JRA-55). For each 

grid cell, the weight assigned to the gauge-based estimates was calculated from the gauge 

network density, while the weights assigned to the satellite- and reanalysis-based estimates 

were calculated from their comparative performance at the surrounding gauges. The quality 

of MSWEP was compared against four state-of-the-art gauge-adjusted P datasets (WFDEI-

CRU, GPCP-1DD, TMPA 3B42, and CPC Unified) using independent P data from 125 

FLUXNET tower stations around the globe. MSWEP obtained the highest daily correlation 

coefficient (R) among the five P datasets for 60.0 % of the stations and a median R of 0.67 

versus 0.44–0.59 for the other datasets. We further evaluated the performance of MSWEP 

using hydrological modeling for 9011 catchments (<50,000 km2) across the globe. 



Specifically, we calibrated the simple conceptual hydrological model HBV against daily Q 

observations with P from each of the different datasets. For the 1058 sparsely-gauged 

catchments, representative of 83.9 % of the global land surface (excluding Antarctica), 

MSWEP obtained a median calibration NSE of 0.52 versus 0.29–0.39 for the other P datasets. 

MSWEP is available via http://www.gloh2o.org. 
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High-latitude and cold mountainous regions respond more strongly to anthropogenic climate 

change than other regions. Uncertainties in quantification of precipitation over these regions need 

to be reduced to contextualize, understand physical processes, and plan for consequences of the 

changing climate. Given the importance and challenges of quantifying cold region precipitation and 

the new capability that the global precipitation measurement (GPM) missions has brought, the 

present study investigates the performance of commonly used precipitation products in quantifying 

precipitation (snow and rainfall) over high latitudes (i.e., near poles) and cold mountainous regions 

(i.e., Tibetan Plateau; mountainous western US) using various reference datasets including 

satellites, ground stations, radars, and reanalyses.  Furthermore, new capabilities for quantification 

of cold-region precipitation will also be explored using two recent instruments: the CloudSat Cloud 

Profiling Radar (CPR) and the Gravity Recovery and Climate Experiment (GRACE), providing 

independent insights on amount, phase, and distribution of precipitation. This presentation 

provides case studies over various regions including Antarctica, Greenland, Tibetan Plateau, 

mountainous Western US, and polar land and oceans. Through inter-comparison of various 

products over different regions we highlight the most major issues for future improvements.   
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Constraining and quantifying the role of ice- and mixed-phase precipitation processes 

remains a challenge both in terms of process understanding and model 

parameterizations. My hypothesis is that the microphysical variability we are seeing is 

explained largely by integral properties of the atmosphere, which in turn are 

determined more by the large-scale flow than by microphysical details. If appropriate 

integral constraints can be identified, such constraints can be utilized to validate and 

narrow down uncertainties in cloud microphysical parameterizations. The work 

presented here expands on earlier studies where we have developed a similar process 

understanding for warm rain processes and applied similar concepts. 

I will address in particular the relative importance of riming, aggregation, and ice 

particle diffusional growth in high-latitude precipitation generation. The relative 

importance of these processes appears to vary strongly between different precipitation 

events. This study draws heavily on datasets obtained by our NSF-funded Integrated 

Characterization of Energy, Clouds,  Atmospheric state, and Precipitation at Summit, 

Greenland (ICECAPS) experiment, which, because of its high and cold location, 

provides a unique opportunities to study ice microphysical processes.  

I will discuss the importance of our findings for understanding the impact of ice particle 

scattering on passive microwave and sub-millimeter observations and their relevance 

for active and passive microwave retrievals of cloud parameters, light rain, and falling 

snow. 
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Antarctica is an inhospitable empty continent. The only possible in-situ measurement networks are
those for which robust methods and sensors exist that can withstand harsh conditions and run in fully
automatic mode unattended over long periods of time. This is not the case for the measurement of
precipitation.  The  measurement  of  snowfall  is  notoriously  difficult  in  general,  and  difficulties  are
exacerbated in Antarctica. On the high Antarctic plateau, where less than 10 cm of equivalent water
accumulate  each  year,  frost  deposition  and  extreme  cold  temperature  adversely  affect  traditional
precipitation gauges. At the peripheries,  katabatic winds induce frequent blowing snow which blur
snowfall observation. Databases of precipitation gauge reports such as that of the Global Precipitation
Climatology Center (GPCC) are virtually void over Antarctica. A lack of validation data may be a
reason why climate  models  used  to  predict  climate  change,  such as  those  in  the  CMIP5 archive,
considerably  diverge  as  to  their  reconstruction  of  even  the  current  continental-mean  antarctic
precipitation.
The models all predict that antarctic precipitation will increase in a warming climate, contributing a
moderation  of  sea-level  rise  due  to  other  causes.  Unsurprisingly,  the  models  diverge  as  to  the
magnitude of the increase. The drier models for present climate tend to predict a larger precipitation
increase. There is thus a strong need for a model-free (i.e. not based on meteorological analyses or re-

analyses)  climatology  of  antarctic  precipitation  to  evaluate  and  validate  the  models.  The  1st such
product was recently assembled using CloudSat Cloud Profiling Radar (CPR) data. While other radars
onboard satellites have been specifically designed to measure precipitation, none currently flies over
the polar regions, except CloudSat.
Consequently,  The  APRES3  (Antarctic  Precipitation:  REmote  Sensing  from  Surface  and  Space)
program was recently launched and will :
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- acquire and process a set of observations in Antarctica to characterize antarctic snowfall;
- use the data to calibrate and validate CloudSat snow fall retrieval over Antarctica;
- spatially and temporally expand the CloudSat climatology;
- finally, based on the above, evaluate and improve meteorological and climate models with respect to
depicting and predicting antarctic precipitation.
The present contribution will describe these objectives.
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Precipitation is a crucial component of the surface mass balance of the Antarctic ice sheet, but remains
poorly understood because of a lack of observations due to the extreme conditions (cold, wind) in
Antarctica. A field campaign was conducted between Nov. 2015 and Feb. 2016 at the Dumont d'Urville
station on the coast of Adélie Land in Antarctica.  It  involved various instruments dedicated to the
observation of precipitation, among which a scanning polarimetric X-band radar and a vertical Doppler
profiler (MRR). The scanning radar collected near 3D information about summer precipitation, making
possible the investigation of the dominant microphysical processes controlling precipitation formation
and evolution. Still operating at DDU, the MRR has been collecting data since Nov. 2015 and will
document  the  vertical  profile  of  precipitation  along  an  entire  year.  The combination  of  these  two
sources of information enable us to investigate the variability and microphysics of precipitation in a
coastal region of Antarctica, as well as to build a reference data set for the evaluation of satellite-based
precipitation estimation (mainly CloudSat). Of particular interest is the frequent dry layer in the first
km above ground due to katabatic winds and its possible influence on precipitation. The data sets and
the main features of precipitation at Dumont d'Urville as seen by the radars will be described in this
contribution.
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Precipitation in mountainous regions is of primary importance in terms of water resources and natural 
hazards. The complex interactions between rugged topography and atmospheric dynamics remain to be 
fully understood, and reliable quantitative estimates of precipitation in complex terrain are difficult to 
obtain. The dual-frequency precipitation radar (DPR) on-board the GPM core satellite is a potential 
source of information about precipitation in (poorly instrumented) mountainous regions, and its 
increased latitudinal coverage with respect to TRMM allows the monitoring of the Alps. MeteoSwiss is
managing operational networks of rain gauges and of polarimetric radars, covering the Swiss Alps. The
quality of the rainfall rate (liquid equivalent in case of snowfall) derived from the GPM DPR 
measurements (5x5 km²) is evaluated by comparison with the MeteoSwiss radar product (1 km² every 5
min) taken as reference. It is shown that the quality of the GPM estimates degrades in complex terrain 
and in winter, with an overall significant underestimation in both the occurrence and the quantity of 
precipitation, but with a very low false detection rate. The contamination of the measurements close to 
ground level by terrain echoes is a likely explanation.
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Precipitation	  characterization	  from	  GPM	  field	  campaigns	  to	  better	  constrain	  

spaceborne	  precipitation	  retrievals	  of	  snowfall	  

Paloma	  Borque1,	  Stephen	  W.	  Nesbitt1,	  and	  Greg	  McFarquhar1	  

1	  University	  of	  Illinois,	  Urbana,	  IL	  

Observations	   from	   several	   Global	   Precipitation	   Measurement	   (GPM)	   field	   campaigns	  

present	  the	  opportunity	  to	  generate	  a	  vast	  catalogue	  of	  observations	  over	  a	  wide	  variety	  

of	  precipitation	  types	  and	  environments	  (MC3E	  in	  Oklahoma,	  GCPEX	  in	  Ontario,	  IPHEX	  

in	  North	  Carolina	  and	  OLYMPEX	  in	  the	  Pacific	  Northwest).	  GPM-‐‑Ground	  Validation	  (GV)	  

has	  collected	  a	  broad	  range	  of	  microphysical	  observations	  from	  remote	  sensing	  and	  in-‐‑

situ	   microphysics	   aircrafts,	   and	   several	   ground-‐‑based	   instrumentation.	   This	  

documentation	   of	   a	   broad	   range	   of	  microphysical	   observations	   should	   allow	   to	   better	  

constrain	   the	   next	   generation	   of	   retrieval	   algorithms	   to	   better	   perform	   across	   a	  wide	  

variety	   of	   precipitation	   types	   and	   environments,	   including	   snowfall.	   Parameters	  

investigated	   here	   include	   effective	   mass-‐‑diameter	   relationships,	   and	   parameterized	  

hydrometeor	   size	   distribution	   characteristics,	   as	   well	   as	   their	   dependence	   on	  

environmental	   characteristics	   such	   as	   cloud	   liquid	   water	   and	   temperature.	   Joint	  

probability	   distributions	   of	   these	   parameters	   are	   examined	   across	   campaigns	   as	   a	  

function	   of	   height	   to	   understand	   the	   variability	   in	   these	   parameters	   for	   constraining	  

algorithm	  assumptions.	  Results	  will	  consider	  to	  what	  degree	  these	  parameters	  should	  be	  

allowed	  to	  vary	  in	  global	  retrieval	  algorithms.	  	  For	  example,	  should	  a	  priori	  assumptions	  

in	  mid-‐‑latitude	  snow	  be	  parameterized	  in	  the	  same	  fashion	  as	  mid-‐‑latitude	  or	  convective	  

precipitating	  ice	  clouds?	  
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The Soil Moisture and Ocean Salinity (SMOS) satellite mission monitors sea surface 

salinity (SSS) over the global ocean for more than 6 years. It provides SSS at 50km 

resolution with a global coverage approximately every 5 days. In tropical regions, SMOS 

SSS contains a large imprint of atmospheric rainfall, but it is also likely affected by 

oceanographic processes (advection and diffusion). At local and short time scales, the 

spatio-temporal variability of SSS is dominated by rainfall. A close to linear relationship 

between SMOS SSS freshening under rain cells (defined as the difference between 

observed SSS and a ‘non rainy reference SSS’) and satellite rain rate is observed in 2012 

when using either UMORA or GPROF radiometer rain rates (slope of about 

-0.2pss/mm/hr at moderate wind speed (3-12m/s)). This order of magnitude is 

compatible with in situ drifters’ observations although the latter are local and taken at 

45cm depth while satellite L-band SSS roughly correspond to the top 1cm depth and are 

spatially integrated over 43-150km. We then study the contrast in SSS and RR between 

2012 and 2015. The 2015 year was much rainier than 2012; this leads to a much fresher 

SSS over the whole ITCZ region (-0.6 pss in 2015 than in 2012 on average over the 

region). On monthly maps, the freshening extends over a much wider region than the 

rainy band, especially at the end of the year, likely because of ocean advection. 

Nevertheless, we find that the SSS local freshening versus RR relationship remains the 

same in 2012 and in 2015, suggesting that local SSS freshening informs on local RR.  

Boutin et al. (2014), Sea surface salinity under rain cells: SMOS satellite and in situ 

drifters observations, JGR: Oceans, doi:10.1002/2014JC010070. 
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High-quality precipitation observations from remote sensing have a significant beneficial 

impact in many applications such as natural hazards prediction (floods, landslides, drought) 

and climate modelling. Recent studies proved the value of satellite soil moisture products 

for precipitation estimation over land. The enhanced value of the soil moisture-based 

precipitation estimates lies in their potential combination with the state-of-the-art 

precipitation products, in order to produce a single, superior precipitation dataset. This 

potential largely depends on the degree to which the soil moisture-based estimates provide 

unique and complementary information about the temporal and spatial distributions of 

precipitation in nature. Relative to state-of-the-art precipitation retrievals, the soil 

moisture-based estimates provide a time-integrated look at what happened between the soil 

moisture retrievals. Therefore, precipitation amounts falling between the “snapshots” of 

retrievals from state-of-the-art products can be captured with the soil moisture-based 

estimation approach. 

In this study, we perform the integration of precipitation products obtained from Global 

Precipitation Measurement (GPM) mission data (IMERG products, early and late run) and 

from the latest soil moisture products currently available, i.e., SMAP (Soil Moisture Active 

and Passive), SMOS (Soil Moisture Ocean Salinity), and ASCAT (Advanced 

SCATterometer). The analysis is carried out for the whole Italian territory in which a 

high-density raingauge network, owned by the National Department of Civil Protection, is 

providing hourly rainfall observations in the last 15 years. Satellite-based precipitation 

estimates are compared with gauge observations by using continuous and categorical 

performance scores in order to assess their spatial and temporal accuracy. Specifically, 

different strategies and different products will be integrated/combined for determining the 
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added-value of each of them. Preliminary but promising results demonstrated the benefit 

coming from the integration of GPM and ASCAT-derived precipitation products, with an 

increase in the median daily correlation throughout Italy from 0.65 to 0.75. The full analysis 

with the different products will be presented at the conference. 
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The Dual-frequency Precipitation Radar (DPR) launched in 2014 on board the NASA/JAXA Global 

Precipitation Measurement Core Observatory (GPM-CO) provides three Level-2 precipitation products at 

Instantaneous Field of View (IFOV) scale. Two of them, 2A-Ka and 2A-Ku, are single-instrument products, 

based on the reflectivity at Ka and Ku frequency, respectively, while the 2A-DPR takes advantage from the 

combined use of the two radars. These products are a key factor for the construction of radar-radiometer 

(2B-CMB) and integrated multi-satellite (IMERG) products, so that an estimate of the error structure of the 
radar only products over different regions is mandatory for the success of the whole GPM mission.  

The assessment of the accuracy of any remote precipitation estimate poses a number of problems in 

comparing data from different sources, and many efforts have been devoted to refine the matching 

strategy between satellite rainrate maps and ground based reference fields. In this work, we considered 

the dense raingauge network over Italy collected by the Department of Civil Protection in Italy, and made 

available to this study in the framework of a joint activity between NASA and the EUMETSAT’s Satellite 

Application Facility to support operational Hydrology (H-SAF). Around 2500 tipping-bucket raingauges are 

unevenly distributed over Italy and one year of 30-min data, after quality control and geostatistical 

interpolation, are processed in combination with DPR products to compute a number of statistical 

indicators with the aim to define their overall accuracy, and its dependence on terrain physiography, 

diurnal cycle, season and precipitation type. In total, more than 500 GPM-CO orbits overpassed the Italian 

Peninsula from 01.03.2014 to 28.02.2015, resulting in around 2500 DPR IFOVs  processed to derive the 
statistical indicators. 
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One of the main goals of the Global Precipitation Measurement (GPM) mission is to improve 

snowfall retrieval accuracy, as snowfall is, the predominant component of the global 

precipitation amount at mid and high latitudes. The GPM Core Observatory (GPM-CO) is 

equipped with two instruments: the GMI, the most advanced conical precipitation radiometer 

with respect to both channel assortment and spatial resolution; and the Dual-frequency 

Precipitation Radar (DPR) [composed of two radars, a Ku-band Precipitation Radar (KuPR) 

(13.6-GHz) and a Ka-band (35.5-GHz) Precipitation Radar (KaPR)].  Advancements in 

snowfall detection and accuracy in quantitative estimates of snowfall rates at mid-high 

latitudes is expected from both the GMI and DPR. Moreover, thanks to the exploitation of the 

high-frequency channels (> 100 GHz) available on most of radiometers in the GPM 

constellation, providing very good coverage at mid-high latitudes (hourly or less), snowfall 

monitoring is now possible. Among these radiometers, the Advanced Technology Microwave 

Sounder (ATMS) onboard Suomi-NPP is the most advanced cross track radiometer with 22 

channels, 5 of which in the 183 GHz oxygen absorption band.  On the other hand, CloudSat 

carries the W-band (94GHz) Cloud Profiling Radar (CPR) that has collected data since its 

2006 launch. While CPR was designed as primarily a cloud remote sensing mission, its 

high-latitude coverage (up to ;82° latitude) and hi gh radar sensitivity (~-28dBZ) make it very 

suitable for snowfall-related research.   

We will show the results of a study where CPR is used to: 1) assess snowfall detection and 

estimate capabilities of DPR; 2) analyze snowfall signatures in the high frequency channels 

of the passive microwave radiometers in relation to fundamental environmental conditions. A 

number of global datasets made of coincident observations of snowfall producing clouds 

from the spaceborne radars  DPR and CPR and from the most advanced radiometers 



available (GMI and ATMS) are analyzed. 

We have assessed the snowfall detection and estimation capabilities of DPR, comparing its 

observations and precipitation products with those available from CPR.  We have estimated 

that DPR radars miss a very large fraction of snowfall precipitation (more than 90% of the 

events and around 70% of the precipitating snowfall mass).  This is due mostly to the 

sensitivity limits of the DPR radar and secondly to the effect of the DPR radar side lobe clutter. 

An algorithm that combines the measured reflectivities from the two Ku-band and Ka-band 

radars exploiting the weak signals related to snowfall has been developed. Results from this 

study will be presented, showing improved DPR detection capabilities up to more than 50% 

of the snowfall mass obtained with the newly developed algorithm. 

Moreover the coincident observations of ATMS - CPR and of the GMI - DPR have been 

analyzed in order to study the multichannel brightness temperature signal related to snowfall. 

The main results of this study show that the high frequency channels (and the 183 GHz band 

channels in particular) can be successfully used in order to identify and quantify snowfall. 

The degree of success strongly depends on the type of surface background which requires 

proper detection and identification. Moreover, some ancillary data must be used (i.e. the 

columnar water vapor content is of paramount importance) for the correct use of the 

measurements towards snowfall detection. In this context an algorithm for surface 

classification of snow over land and ice over ocean using primarily the PMW low frequency 

channels is proposed and will be presented. 
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A dramatic increase in the frequency and intensity of floods due to the Niger River in the city of Niamey (Niger) has been 

observed in the last decade. Previous studies highlighted the role of the land use changes on the flood increase since 1970s. 

In the last decade, observations have raised the issue of a possible increase in extreme rainfall in the Sahel, which may have 

caused the recent and extreme floods in Niamey in 2010, 2012 and 2013. This study focuses on the 125000km2 basin 

between Ansongo and Niamey. This is the drainage area of the monsoon rainfall that leads to the rapid flow rise occurring 

between June and October. To understand the possible role of rainfall in flood intensification, satellite rainfall estimate is 

attractive in a region where the operational gauge network is sparse. This paper analyses the evolution of the Niger 

hydrograph in Niamey based on discharge observations, hydrological modelling and the satellite product PERSIANN-CDR, 

over the 1983-2013 period. PERSIANN-CDR is first compared with s ix other rainfall products. The salient features of the 

observed changes, i.e. a marked change in the mean decadal hydrograph, is well mimicked by the simulations, implying that 

rainfall is the first driver to the observed changes. The increase of flooded years over the period is a lso well reproduced but 

with some uncertainties in the exact number of flood days per year.  
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Estimating space-time variability of precipitation is an important task in East Africa, 

considering the observed increased frequency of extreme events, drought episodes in 

particular. These events deeply affect the population with implications on agriculture 

and consequently food security. 

Daily accumulated precipitation time series from satellite retrieval algorithms, ARC, 

CHIRPS, TAMSAT, TMPA-3B42, and CMORPH are exploited to study the spatial and 

temporal variability of East Africa (EA – 5°S-20°N, 28°E-52°E) precipitation during 

last decades (1983-2013 for ARC, CHIRPS, and TAMSAT; 1998-2014 for 

TMPA-3B42 and CMORPH). 

The analysis is carried out by directly investigating the precipitation time series and 

computing the time series of the joint CCI/CLIVAR/JCOMM Expert Team on Climate 

Change Detection and Indices (ETCCDI, http://etccdi.pacificclimate.org/index. shtml), 

i.e. RX1day, RX5day, CDD, CWD, SDII, PRCPTOT, R10, and R20, at the yearly and 

seasonal scales. The purpose is to identify the occurrence of extreme events (droughts 

and floods), and extract precipitation spatial patterns of variation by trend analysis 

(Mann-Kendall technique). Prior to the analysis satellite time series are checked for the 

possible presence of inhomogeneities due to variations in rain gauge density and/or in 

the satellite retrieval algorithms. 

Preliminary results relative to the trend analysis of the yearly precipitation indices 

reveal a consensus of the different satellite products on a positive trend of the annual 

total precipitation (PRCPTOT) over Somalia and East Ethiopia. More problematic is the 

situation over West Ethiopia, Sudan, and Uganda, where is not possible to converge to a 

common type of trend (e.g., negative trend for CMORPH, ARC, and TMPA-3B42 and 



positive trend for TAMSAT and CHIRPS over west Ethiopia). Similar behaviors are 

found for other indices (e.g., SDII - average precipitation on wet days over a year, and 

R1 - annual number of precipitating days). As for CDD (maximum number of 

consecutive dry days) ARC, CMORPH, and TAMSAT agree on a negative trend over 

Somalia, East Ethiopia, and most of Kenya. CHIRPS exhibits a predominance of weak 

positive trends almost over all EA, whereas the contrary is true for TAMSAT. For this 

parameter only very limited areas are characterized by high significance levels of the 

trends. 
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Inter-annual and seasonal precipitation variabilities influence the physical and biological 

environment and provoke changes that threaten socio-economic systems and livelihoods. Food 

Security and Health are prime examples where drought, or flooding, can have profound 

implications for vulnerable populations in the developing world. Information on these changes 

is useful for the operational agencies that try to mitigate the adverse impacts of such events. 

The aim of this presentation is to show how precipitation data sets are used at the International 

Research Institute for Climate and Society (IRI) and integrated into Early Warning Systems for 

Human Health (vector-borne diseases) and Disaster Management (Floods and Desert Locusts). 

The operational use of these products by UN agencies, Ministries of Health and Agriculture in 

Africa, Asia and Latin America will be demonstrated. 
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Data assimilation experiments of the radiances from the microwave sounder SAPHIR 

on-board the Megha-Tropiques satellite are conducted within the ECMWF “all-sky” 

framework. This system offers the unique capability of directly assimilating observations 

affected by clouds and precipitation within a 4D-Var system. In order to successfully 

assimilate these observations, a ‘symmetric error model’ is used, which prescribes 

observation errors as function of identified cloudy and precipitating regions. The adaptation 

of this error model to SAPHIR 183.31GHz channels will be presented. Then, the results of 

data assimilation experiments conducted over a six-month period from January to June 

2015 will be shown. In particular, the impact of SAPHIR data assimilation will be 

illustrated through data denial experiments of other available microwave sounders in the 

Tropics. 
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As an integral part of the NASA Global Precipitation Measurement (GPM) mission, ground 

validation of the Dual-frequency Precipitation Radar (DPR) and GPM Microwave Imager 

(GMI) products has been conducted from regional, national to global scales. However, due 

to the spatial and temporal mismatching between observations from ground instrument and 

equipment onboard GPM Core Observatory satellite, the capability of exiting sensors for 

GPM validation is severely limited. For example, the National Weather Service (NWS) 

Weather Surveillance Radar – 1988 Doppler (WSR-88DP) conducts predefined volume 

scan every five-six minutes, during which the precipitation microphysics, type or rate may 

change dramatically at a given location.  

The center for Collaborative Adaptive Sensing of the Atmosphere (CASA) operates a 

high-resolution radar network in Dallas –Fort Worth (DFW) Metroplex. This urban radar 

network, including S-band NWS WSR-88DP radar, and eight high-resolution 

dual-polarization X-band radars, has demonstrated that accurate estimation of rainfall rate 

and/or amounts can be achieved due to its dual-polarization capability (Chen and 

Chandrasekar 2015). This paper presents the utility and use of DFW radar network for GPM 

requirements level one validation. Precipitation observations over storm events in the DFW 

area are investigated to demonstrate the performance of the ground radar based rainfall 

system. Particularly, GPM rainfall rate products and ground radar observations collected 

during the GPM satellite overpasses over DFW region are cross validated 

mailto:chandra@engr.colostate.edu


SNOWFALL ON THE GROUND IDENTIFIER  AND VALIDATION FOR 

GPM DPR 
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1. INTRODUCTION

Dual-frequency precipitation radar (DPR) on board the GPM (Global Precipitation Measurement) core satellite 

has reflectivity measurements at two independent frequencies, Ku- and Ka- band. Dual-frequency ratio from the 

measurements (difference between Ku and Ka reflectivity) has been used to perform rain type classification, 

melting layer detection and microphysics retrieval in the current DPR level 2 algorithm [1]. Beyond 

applications that have been implemented, in this paper, we focus on the enhancement of dual frequency 

classification module. We introduce and evaluate the algorithms to perform snow/rain separation at ground 

level. A “snow fall on the ground”, identifier is introduced that performs effective separation between snow and 

rain using dual-frequency observations. A snow mask algorithm is then developed with SI. The snow mask 

algorithm is evaluated and cross-validated with snow events observed from ground radar.  This paper will 

present the methodology, performance and validation of the GPM snowfall on the ground identifier. 

[1] Iguchi, T., Shinta Seto, Robert Meneghini, Naofumi Yoshida, Jun Awaka, Minda Le, V. Chandrasekar, 

Takuji Kubota, 2015: GPM/DPR Level-2 Algorithm Theoretical Basis Document. 
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Hurricane and Typhoon are the major contributors to the annual damage and economic lost 
due to natural disaster around the world. How the characteristics of these high-impact 
weather extremes changes in a warming climate have attracted considerable interests from 
research community. One key uncertainty regarding to the previous studies is the tropical 
cyclone intensity and associated extreme rainfall are often underestimated with the 
resolution of typical CMIP5 models. Further more the tropical cyclones are stay over ocean 
for most of their lifetime with no concurrent ground rainfall observation. This certainly 
raises issue in the reliability in model projected future changes in tropical cyclone rainfall. 

With high-resolution global climate model reached 20-30 km resolution now, we found that 
these high-resolution models can start to reasonably capture the tropical cyclone intensity 
and the typical wind-pressure relationship found in the observation. Nevertheless, the 
composite of rainfall associated with tropical cyclone in the model are typically several 
times higher than the corresponding typhoon rainfall estimate from satellite observation (e.g. 
TRMM). To explain such discrepancy, the possible underestimate from satellite rainfall 
retrieval for extremes associated tropical cyclone was supported from surface observation 
during typhoon landing period. The motivation of study is to work on a more throughout 
examination of the satellite rainfall estimates along all the tropical cyclone tracks. For high 
temporal and spatial resolution near global rainfall analysis, different satellite observations 
had been used to retrieve and construct the precipitation distribution from the combination 
of active and passive sensors. Normally surface rainfall observation was used to calibrate 



the rainfall retrieval scheme. However, they are typically optimized for all rainfall 
conditions from light shower to heavy downpour. Such strategy in developing retrieval 
algorithm might loose the dynamical range of observational signal in the heavy rainfall tail 
end associated with tropical cyclone. Our study co-located the available satellite and surface 
rainfall observation along the tropical cyclone best tracks data archive and systematically 
evaluate the characteristics of satellite rainfall estimate during different stages of tropical 
cyclone life cycle. We will also study the rainfall produced from long-term reanalysis data 
under the weather extreme conditions like tropical cyclone. 
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Heavy precipitation accompanied by typhoon causes significant damage in the socio-economic 

point of view. The need for a quantitative typhoon rainfall measurement technology from 

satellite emerges as the most efficient way to observe cloud and precipitation system 

continuously from the distant sea. Especially, the microwave signatures are highly sensitive to 

microphysical properties of hydrometeor in the precipitation system. With this characteristics, 

physically based rainfall retrieval algorithms using microwave observations are based on the 

information from cloud resolving models. However, there are some degree of uncertainty in the 

clouds and precipitation processes in the numerical weather forecasting models with various 

microphysics parameterization schemes. The main purpose of this study is to develop a 

technique for typhoon rainfall measurements using a-priori database constructed from the best 

performing microphysics scheme. In this study, several Weather Research Forecasting (WRF) 

model microphysics schemes will be assessed from the perspective of the GMI radiative 

signatures by analyzing the characteristics of emission and scattering signals of GMI for several 

typhoon cases. satellite typhoon rainfall intensity will be then retrieved with the best performed 

microphysics schemes.  
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The terrestrial snow remote sensing community has long grappled with how to prioritize 

observational requirements and technological solutions due to differing needs related to 

snow extent (SE) versus snow water equivalent (SWE), and the tradeoffs between spatial 

resolution and revisit time which differ for alpine hydrological applications versus 

hemispheric climate and operational land surface modeling needs. A single observing 

strategy simply cannot meet all these requirements. Environment and Climate Change 

Canada (ECCC) recently identified moderate resolution (~ 1 km), daily hemispheric SWE 

as a priority observational gap which limits operational environmental monitoring, services, 

and prediction. This presentation will provide an overview of current science activities at 

ECCC in support of the development of radar mission concepts in partnership with the 

Canadian Space Agency (CSA) to address this observational gap. Activities include an 

Observing System Simulation Experiment (OSSE) to identify the sensitivity of land surface 

data assimilation systems to the configuration (i.e. swath width, resolution, revisit time, 

snow mass retrieval uncertainty) of potential satellite measurements, and the analysis of 

experimental airborne datasets in support of the forward modeling of radar signatures and 

the potential retrieval of SWE. Emerging international partnership opportunities will also be 

presented, including how a spaceborne radar mission designed to address terrestrial snow 

could potentially contribute to the observational needs of the snowfall remote sensing 

community. 
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The project framework MiKlip (”Mittelfristige Klimaprognosen“) focuses on the 

development of an operational forecast system for decadal climate predictions. The 

objective of the ”Daily Precipitation Analysis for the validation of Global medium–range 

Climate predictions Operationalized“ (DAPAGLOCO) project, is the development and 

operationalization of a global precipitation dataset for forecast validation of the decadal 

prediction system (MPI–ESM) used in MiKlip. The dataset is a combination of rain gauge 

measurement data over land and satellite–based precipitation retrievals over ocean. Over 

land, gauge data from the Global Precipitation Climatology Centre (GPCC) at Deutscher 

Wetterdienst (DWD) are used. Over ocean, retrievals from the Hamburg Ocean Atmosphere 

Parameters and Fluxes from Satellite Data (HOAPS) set are used as data source. The 

currently available dataset consists of 21 years of data (1988–2008) and has a spatial 

resolution of 1°. An update will be available in 2017. 

Among others, the MiKlip forecast validation is based upon the Expert Team on Climate 

Change and Detection Indices (ETCCDI). These indices focus on precipitation extrema in 

terms of spell durations, percentiles, averaged precipitation amounts and others. The 

application of these indices on the DAPAGLOCO dataset provides insights into the global 

distribution of precipitation characteristics and extreme events. The resulting global patterns 

of these characteristics and extrema are the main objective of the presentation. First results 

from the evaluation of the decadal prediction system are shown as well. 
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There are so many satellite rainfall products from many centers. The quality and 

temporal/spatial resolution of these products has been improving over time. One of the factors 
that contributed to the improvement of satellite rainfall products has been the use of passive 

microwave data.  However, this use of passive microwave data may have also introduced 
inhomogeneities in the rainfall time series due to changes in the numbers sensors over the 
years. In parallel to these products, there is also a need for historical rainfall time series 

derived from a single sensor (i.e., infrared sensors). Such products do exist (e.g. ARC and 
TAMSAT), but are limited in terms geographical coverage. There is now a new product from 

the Climate Hazard Group at University of California, Santa Barbara. The CHIRP (Climate 
Hazard Group Infrared Precipitation) product goes back to 1981 and is available at pentad and 
dekadal time scales and spatial resolution of 0.5deg.  CHIRP has been validated over eastern 

Africa,. The results of this validation work will be presented. 

mailto:tufa@iri.columbia.edu
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ABSTRACT 

Information on climate impacts applied in development policy, planning and practice 
opens opportunities to build resilience to the negative impacts of climate variability and 
change, and maximize gains from favorable conditions. Thus, availability of and access to 
climate information is critical to achieving climate resilient development. Unfortunately, 
climate information is not widely used in Africa to make development decisions.  This is 
mainly because useful information is often not available or, if it does exist, is inaccessible 
to those that need it most. Climate observation networks in many parts of Africa face 
many challenges that limit the ability to provide even the most basic of climate 
information for informing development. The International Research Institute for Climate 
and Society, in collaboration with the national meteorological agencies and regional 
climate centers, has been leading an effort to simultaneously improve the availability, 
access and use of climate information at national level. This effort, named Enhancing 
National Climate Services (ENACTS), focuses on the creation of reliable climate 
information that is suitable for national and local decision-making. Satellite rainfall 
estimates are critical inputs for reconstructing historical rainfall time series going back 
over 30 years. The main advantage of the satellite products is the excellent spatial 
coverage at increasingly improved spatial and temporal resolutions. The ENACTS 
approach has so far been implemented in 10 countries and two regional climate centers 
in Arica.  

mailto:tufa@iri.columbia.edu
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Single band snowfall retrieval algorithms require a priori estimates of size distribution 

parameters to provide solutions to unconstrained systems of equations. The a priori 

estimates are often parameterized based on environmental temperature. We show evidence 

from some recent in-situ measurements of snow events that indicate that these temperature 

dependent assumptions may not be applicable in the most common snowstorm 

environments. The Global Precipitation Measurement mission (GPM) core satellite carries a 

dual-frequency radar at Ku- and Ka-Band, providing the basis for a novel retrieval 

technique that provides a constrained solution for snowfall particle size distributions, 

including a linear relationship between Dual Wavelength Ratio (DWR) radar measurements 

and the Gamma slope parameter . This DWR technique was theorized almost two decades 

ago, but it has only been evaluated for ground radar measurements in snow and for nadir 

measurements in convective clouds. In this study, a DFR retrieval of snowfall size 

distribution parameters N0 and  is evaluated against in situ measurements. No temperature 

dependency is required, and assumptions are only necessary for a cross section scattering 

model and the assumed shape parameter µ of the assumed gamma distribution. The largest 

source of uncertainty comes from the lack of know ledge concerning the mass-dimension 

relationships required for the scattering model. For the cases analyzed, the algorithm tends 

to retrieve N0 and  within 33 and 20%, respectively. 
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The idea of a radiometer observing the Earth in the microwave spectrum from a 

geostationary orbit has been put forth since a long time. Such a mission would add a high 

observation rate in the microwave spectrum, offered by a geostationary orbit, to the 
sounding capabilities of the current observing system. Observing System Simulation 

Experiments are conducted to examine if these very frequent microwave observations 

would be beneficial to mesoscale NWP and complement the current or soon-available 
satellite observations.  

The OSSE framework is built  up on (i) simulated observations from a known "truth" which 

is a long and uninterrupted forecast from the ARPEGE global model, (ii) the AROME 
meso-scale model in which the simulated observations are assimilated using a rapid-update 

3D-Var data assimilation system (1hour cycles).  
Benefits that may be expected from such a microwave sounder mission are evaluated in the 

context of a dense observing system including the future hyperspectral Infra-Red Sounder 

on board Meteosat Third Generation. In particular, the trade-off between observations 
accuracy and time frequency of observations is discussed. 



A Database of Single Scattering Properties of Ice Particles at MW and sub-mm 
frequencies

Presenter: Robin Ekelund
Address: Earth and Space Sciences, Chalmers University of Technology 
Country: Sweden
Email: robin.ekelund@chalmers.se
Authors: Robin Ekelund (1), Patrick Eriksson (1), Jana Mendrok (1) 
Affiliations: (1) Chalmers University

This work is  a part  of an ongoing study issued by EUMETSAT, calling for a  database
consisting of single-scattering properties (SSP) of frozen hydrometers at microwave and
sub-millimetre frequencies. A main application is in ice-mass retrievals, aimed mainly at
frequencies  utilized  by  the  upcoming  instruments  ICI  (Ice  Cloud  Imager),  MWI
(MicroWave Imager) and MWS (MicroWave Sounder), which are to be mounted on the
second generation of Metop satellites. Other instruments such as CloudSat are considered as
well.  Core features include a range of frequencies covering 18 GHz to 884 GHz, three
temperatures, sizes up to 5 mm in volume equivalent diameter and habit types of varying
complexity.  Examples  of  habits  considered  are  single  crystal  types  such  as  columns,
graupel, pristine snowflakes and aggregates. A selection of habits from existing databases
(Liu and Hong) are included as well. While random orientation is the main consideration,
azimuthally random orientation is treated for those cases where it is relevant (e.g. falling
snowflakes). Another ongoing activity is investigating the impact on SSP by different types
of aggregates, for example by considering different aggregate building blocks. The goal is
ultimately a broad representation of aggregates. Also, depending on the amount of time and
resources available, mixed phase particles (i.e. ice particles with a melted layer) will be
considered  to  some  extent.  For  the  SSP generation,  the  discrete  dipole  approximation
(DDA) method is used exclusively. The main advantage of DDA is the lack of restrictions
on particle shape, however, the computational costs are relatively high. The database will be
made freely available upon completion.
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The Ice Cloud Imager (ICI) will be one the instruments onboard the second generation (SG)
of Metop satellites. ICI will be the first operational instrument making use of sub-millimeter
wavelengths, and its primary aim is to characterize the bulk mass of ice hydrometeors. The
basic retrieval products are ice water path, mean mass size and mean mass altitude. This
presentation gives an overview of ongoing activities to support the development of such
retrievals. A core activity is to produce a general database of single scattering properties, not
only for the ICI range (183-664 GHz) but for the full microwave region. The first step is to
match the present databases (Liu and Hong) using consistent up-to-date input over the full
frequency range. The full database will include a better representation of aggregate particles
and will also hold data for horizontal orientation. Retrievals by both neural nets (NN) and
Monte Carlo integration (MCI) are investigated. The retrieval algorithm to be applied at
EUMETSAT has been defined as part of our efforts, and it will be based on MCI. Both NN
and  MCI  make  use  of  a  “retrieval  database”,  and  different  approaches  to  create  such
databases are developed. In short, either CloudSat or an atmospheric model is used as main
information source. The accuracy of the future ICI retrievals depends strongly on the quality
of the retrieval database, i.e. how well it represents reality. The present testing of retrieval
algorithms and databases is largely based on the airborne observations obtained by ISMAR
(International SubMillimetre Airborne Radiometer). ISMAR is operated by UK Met Office
and is developed especially to support ICI.  Another manner to test if the habits and particle
size distributions applied in the database generation are realistic is to compare simulations
with  existing  satellite  data,  where  both  operational  sensors  (up  to  190  GHz)  and  limb
sounders (230, 500 and 640 GHz) are of concern.



A Fundamental Climate Data Record of SSM/I, SSMIS, and SMMR 

brightness temperatures 

Presenter: Marc Schröder 

Address: DWD, Offenbach 

Country: Germany 

Email: marc.schroeder@dwd.de 

Authors: Karsten Fennig (1), Marc Schröder (1) 

Affiliations: (1) Deutscher Wetterdienst 

The satellite based HOAPS (Hamburg Ocean Atmosphere Parameters and Fluxes from 

Satellite Data; http://www.hoaps.org/ and http://www.cmsaf.eu) climatology provides 

climate data records of precipitation, evaporation and the resulting freshwater flux over the 

global ice-free ocean between 1987 and 2008. The latest versions (version 3.1 onwards) of 

HOAPS have been released by CM SAF and are available from the CM SAFs web user 

interface (http://wui.cmsaf.eu/). 

The HOAPS climate data records are primarily based on passive microwave measurements 

from the SSM/I (Special Sensor Microwave/Imager) sensor family. In order to derive 

reliable long term trend estimates of the global water and energy cycle parameters it is 

strictly necessary to carefully correct for all known problems and deficiencies of the SSM/I 

radiometers as well as to inter-calibrate and homogenise the different instruments. 

Moreover, all applied corrections need to be clearly documented to provide a complete 

calibration traceability for a Fundamental Climate Data Record (FCDR). Following these 

recommendations, CM SAF released in 2013 a FCDR of SSM/I brightness temperatures 

(DOI:10.5676/EUM_SAF_CM/FCDR_SSMI/V001), freely available from the web user 

interface (http://wui.cmsaf.eu/). This FCDR has already been used in the ESA CCI Sea Ice 

project and will also be used in the upcoming reanalysis ERA5. 

In order to further extend the HOAPS dataset in time, the SSM/I successor instrument 

SSMIS (Special Sensor Microwave Imager Sounder) has to be used from 2009 onwards. 

CM SAF   also reprocessed the SSMIS sensors onboard F16, F17, and F18 to the same 

standards as the SSM/I data record for the time period 2006 - 2013 and the combined FCDR 

was released in 2015 (DOI:10.5676/EUM_SAF_CM/FCDR_MWI/V002). Amongst others, 

known instrument issues like sunlight intrusions, moonlight intrusions, and reflector 

emissivity have been accounted for and the brightness temperatures have been 



inter-calibrated to the SSM/I instrument series to allow a seamless continuation of existing 

TCDRs. 

In order to extend the available FCDR to the time period before the SSM/I epoch, CM SAF 

has now reprocessed available brightness temperatures from the SMMR (Scanning 

Multichannel Microwave Radiometer) on board Nimbus-7 with the main focus on the 

inter-calibration of the brightness temperatures to the SSM/I series, using ERA-20C as a 

transfer target. The re-processed data record will be available in the same user friendly data 

format as the existing FCDR. The new FCDR release will also extend the SSMIS data 

record with two additional years. Altogether, the FCDR will now span the time period from 

1978 to 2015 combining observations from SMMR, SSM/I and SSMIS. 

This presentation will focus on the inter-calibration of the SMMR and the evaluation of the 

combined FCDR over the complete time period. A validation of the brightness temperatures 

is a challenging task as there are no ground-truth reference measurements available for the 

microwave band. Hence, the homogeneity of the FCDR is evaluated by an analysis of the 

relative biases between the different instruments before and after the inter-calibration 

offsets are applied. 
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NOAA/NESDIS and its research partners at the University of Maryland’s Cooperative 

Institute for Climate and Satellites (CICS) are actively involved in the development, 

operational transition, validation and application of satellite derived precipitation 

products, primarily from low-earth (LEO) and geostationary orbiting satellites (GEO). 

The LEO satellites include the DMSP, POES/MetOp, S-NPP, GCOM-W, GPM and 

Megha-Tropiques; future missions include the JPSS satellite. (A companion paper by 

Robert Kuligowski addresses the GEO algorithms/products). 

The precipitation data sets are used for a wide range of applications at NOAA’s 

National Weather Service, including short term forecasts and warnings (i.e., tropical 

rainfall potential, flash floods, etc.) and long-term climate studies (i.e., seasonal to 

interannual variability).  It is the purpose of this overview paper to describe the current 

and near-future satellite precipitation activities at NOAA/NESDIS, focusing on the LEO 

satellites. Application examples and product performance will be shown. 

Additionally, a brief look into the future vision for precipitation products will be 

presented, which will focus on the full integration of measurements from all satellite 

sources into a NOAA/NESDIS Enterprise Precipitation System. 



Analysis and validation of cloud and precipitation microphysical properties of deep moist convection over 
South Eastern South America (SESA), using observation and modeling tools 

The continental region east of the Andes and covering the north and centre of Argentina, south of Brazil,                                   
Paraguay and Uruguay, usually referred to as southeastern South America (SESA), is known for its large                               
and intense mesoscale convective systems (MCs) within which severe events develop. SESA MCSs stand                           
out as among the strongest on earth in satellite observations. In this data sparse region, little is known of the                                       
aspects of these systems including what governs their structure, life cycle, similarities and differences with                             
severe weatherproducing systems observed elsewhere, and their predictability on weather to climate                       
timescales. The present study aims to advance into the knowledge of such physical processes involved in                               
the developing phase of MCSs where the convective region is particularly active and on the triggering                               
mechanisms associated to their initiation. The focus of present study is especially on the analysis of cloud                                 
microphysical parameterizations of the Weather Research and Forecasting (WRF) model. Cloud resolving                       
models like WRF can be operated with different cloud microphysics schemes. Those microphysics schemes                           
include different microphysics species and processes between those species. Extensive validations for                       
existing schemes are needed in order to constrain and reduce uncertainties. The microphysical properties                           
(e.g., dielectric properties, density, particle size distribution, shape, orientation) of the frozen particles                         
specifically, have a very complex temporal and spatial variability, and lack robust parameterizations. There                           
is a pressing need to constrain such microphysical properties in order to reduce the large uncertainties                               
associated with frozen quantities in Numerical Weather Prediction (NWP) and cloud resolving models.                         
Microwave radiometry has shown a promising ability in the characterization of iced particles, as it is able to                                   
penetrate and provide insight into the vertical profiles of most clouds, in contrast to infrared and visible                                 
observations, which essentially sense cloud tops. One way to verify the good behavior of a microphysical                               
scheme, and consequently the representativity of the cloud simulations, is to perform radiative transfer                           
simulations with inputs, (1) the atmospheric profiles provided by the cloud model (i.e. in this work WRF                                 
simulations of deep moist convection events in particular situations of central/northern Argentina and                         
southern Brazil using the WSM6, WDM6 and the Thompson schemes) and (2) a rather accurate description                               
of the radiative properties of each microphysical species. The radiative transfer simulations are to be                             
carefully compared to the coincident satellite observations, at the same frequencies, geometry, and mode                           
(active and passive). This exercise requires not only the cloud simulations to be as close as possible to the                                     
reality, i.e. good location in time and space of the studied clouds relative to the observations, but also                                   
realistic radiative properties of the clouds to reproduce the magnitude of the satellite observations. 

Keywords: deep convection, radiative transfer, microwave radiometry 
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In the past 20 years, the number of radars in the Météo-France metropolitan radar network 

has increased from 13 in 1995 to 30 today and will reach 33 in the very near future. 

Metropolitan France is now completely covered with C-band radars to the West, the Centre 

and the North and with S and X band radars in the South-Est, X band radars being used as 

gap fillers in the Alps valleys.  Most of the radars are either new or have recently been 

upgraded to the latest technology and are both Doppler and polarimetric.  

Recent R&D work has been focused on taking advantage of the greater coverage and the 

added information brought by the polarimetric capability to improve the QPE radar 

products. A new version of the radar processing chain, applicable to the three wavelengths 

(S, C and X) has become operational in 2015 to deliver hydrometeors’ type classification 

and improvements to the QPE, particularly at high rain-rates. This year a new spatialized 

gauge adjustment scheme procedure that improves QPE at intermediate (80-150km) and 

long ranges (>150km) will be operationally implemented. Finally a 20-years reanalysis of 

the derived radar/rain-gauge hourly accumulation product is in preparation and is designed 

to serve as a reference to the hydrological community.  

The combined improvements to the radar network and the radar processing chain have lead 

to a generation of radar QPE and merge radar /rain gauge operational products of 

unprecedented accuracy and that are internationally recognized for their quality and 

therefore considered has excellent candidates for validating satellite precipitation products 

such as those produced by the GPM mission. Beyond the products validation exercise, the 

combined use of volumetric radar data with the dual wavelength GPM radar and microwave 

imagers data could be also of great interest for deriving improved QPE products in those 

many areas covered by radar networks worldwide. 
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Abstract	
						Along	with	 the	successful	 launch	of	 the	Global	Precipitation	Measurement	 (GPM)	core	
satellite,	we	are,	for	the	first	time,	exposed	to	the	opportunity	of	studying	the	high-frequency	
microwave	polarimetric	signals	that	contain	ample	information	of	ice	particle	microphysics.	
In	this	study,	scattering	differences	induced	by	frozen	particle	microphysical	properties	are	
investigated	using	vertically	(V)	and	horizontally	(H)	polarized	radiances	 from	the	GPM’s	
Microwave	Imager	(GMI)	89	and	166	GHz	channels.		
						By	identifying	ice	cloud	scenes	using	the	183.3±3	GHz	channel,	we	compare	the	89	and	
166	GHz	cloudy-sky	radiances	for	their	V-H	polarimetric	differences	(PD),	as	well	as	PD	at	
640	GHz	measured	by	Compact	Scanning	Submillimeter-wave	Imaging	Radiometer	(CoSSIR)	
during	 the	TC4	campaign.	Frozen	particles	are	 found	highly	polarized	with	PD	>	0	 in	 the	
tropical	deep	convective	and	winter	hemisphere	mid-latitude	jet	regions.	Large	polarization	
dominantly	 occurs	 at	 convective	 outflows	 (i.e.,	 anvils	 or	 stratiform	precipitation	 region),	
while	polarization	signal	is	minimal	inside	the	deep	convective	core	as	well	as	in	the	remote	
cirrus.		Neglecting	the	polarimetric	signal	would	result	in	as	large	as	30%	error	in	ice	water	
path	retrievals.	Such	a	distinct	spatial	characteristic	of	PD	leads	to	a	universal	“bell-shape”	
of	the	PD	-	TB	relationship,	where	the	PD	amplitude	peaks	at	~	10	K	for	all	three	channels	in	
the	tropics,	and	the	peak	amplitude	increases	slightly	with	latitude.	Moreover,	166	GHz	PD	
tends	 to	 increase	when	encountering	 the	melting	 layer	while	89	GHz	PD	tends	 to	remain	
small,	creating	a	unique	PD	feature	that	may	facilitate	identification	of	the	melting	layer	and	
stratiform	rain	from	passive	sensors.	Negative	PDs	are	found	to	be	very	useful	in	estimating	
the	channel	noise.		
						Horizontally	oriented	non-spherical	frozen	particles,	and	vertical	motion	induced	mixing	
inside	cloud	are	two	possible	mechanisms	to	explain	the	observed	PD	-	TB	relationship.	We	
are	 able	 to	 quantify	 the	 first	 possibility	 using	 polarized	 radiative	 transfer	models	 and	 a	
simplified	axial	ratio	parameter.		
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In many part of the Tropics the ground based gauge networks are sparse, often degrading and accessing this data for 

validating satellite products or for merging or calibration purposes is often difficult.  Validation studies have demonstra ted 

the effective improvement in Rainfall estimates over the last 20 years. This has been achieved  thanks to a relatively dense 

micro-wave  constellation (with imagers on TRMM ; Megha-Tropiques ;  GPM constellation ;  and developing  use of 

sounders )  and an improved understanding on rainfall structure, physics  and vertical profiles thanks to airborne rain radars 

(TRMM PR ; GPM DPR). Despite these progress there is still some need to improve precipitation measurement in the 

Tropics in some specific areas: mountainous regions are still a problem while there are a big issue for hydrology ; getting 

rainfall estimates with sufficient  resolution and accuracy and in real time is still a problem  for some applications such as 

urban hydrology and fast floods.   In industrialized countries, combining gauge, radar and satellite information has helped 

improving these estimates. In developing countries additional information is also still needed to complement satellite 

information as well as for validating/monitoring satellite rainfall products performances.  

Using commercial microwave links from cellular telephone networks to detect and quantify rainfall has been already 

presented as an alternative method for  ground monitoring of rainfall. The method has been tested in the Netherland, in 

Israel and more recently in Burkina Faso where very good quantitative performances were obtained. 

Building on these successes a collaboration has started with the mobile operator Orange which is present in many African 

countries. In 2016, for the first time ever, rainfall is being monitored  in Sahel based   on a dense network of commercial 

microwave links with more than 60 links over the sole city of Niamey in Niger.   This presentation will discuss the outcome 

of this first time monsoon season monitoring based on the cell phone network.  Some preliminary tests of using this data 

together  with satellite products   will be presented. 



EUMETSAT precipitation products are mainly developed in the Satellite Application 

Facilities (SAF) concentrating on Hydrology, Nowcasting and Climate (H-SAF, 

NWC-SAF and CM SAF). With the range of new instruments becoming operational in 

the next 5-10 years, and some with very limited heritage in space such as the Lightning 

Imager on MTG, it is a challenge for the precipitation user community to make best use 

of these missions early on. Therefore, EUMETSAT has started to formulate a road-map 

for an effective use of data and product development for precipitation.  
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MiRS (Microwave Integrated Retrieval System) is a One-Dimensional Variational inversion 

algorithm (1DVAR) (Boukabara et al. 2011, 2013) that employs the Community Radiative 

Transfer Model (CRTM) as the forward and adjoint operators. It simultaneously solves for 

surface (Tskin, emissivity), and atmospheric parameters (temperature, water vapor, 

non-precipitating cloud and hydrometeor profiles). MiRS is currently being run 

operationally at NOAA for Suomi-NPP/ATMS, POES N18, N19, Metop-A, 

Metop-B/AMSUA-MHS, DMSP-F17, F18/SSMIS, and Megha-Tropiques/SAPHIR. It has 

also recently been extended to data from Global Precipitation Mission (GPM)/GMI, and 

will be further extended to JPSS-1(N20)/ATMS in anticipation of launch in Spring 2017. 

The 1DVAR algorithm uses an iterative approach in which a solution is sought that best fits 

the observed satellite radiances, subject to other a priori constraints. A post-processing step 

is then performed to determine a number of additional derived parameters, including surface 

precipitation rate. The precipitation rate determination is sensor-independent in that the 

same relationships (determined off-line using numerical weather prediction model 

simulations) between the surface precipitation rate and the vertical hydrometeor profiles are 

used throughout. 

In this paper we will report on assessment and validation of the MiRS precipitation rate 

product, including comparisons with ground-based measurements such as the Stage IV 

radar-gauge product, with a particular emphasis on results from Suomi-NPP/ATMS, and 

GPM/GMI. Evaluations will be based on performance seen over both short-term 

(intraseasonal) and longer-term (interseasonal) time periods. Examination of individual case 

studies will also highlight the unique capabilities of the MiRS algorithm to characterize the 

3-dimensional structure of larger storm systems. Additional discussion will focus on 



potential avenues for improvement based on results from validation and sensitivity testing. 
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The global water cycle is a key component of the global climate system as it describes and 

links many important processes such as evaporation, convection, cloud formation and 

precipitation. Through latent heat release, it is also closely connected to the global energy 

cycle and its changes. The difference between precipitation and evaporation yields the 

freshwater flux, which indicates if a particular region of the earth receives more water 

through precipitation than it loses through evaporation or vice versa. On global scale and 

long time periods, however, the amounts of evaporation and precipitation are balanced. A 

profound understanding of the water cycle is therefore a key prerequisite for successful 

climate modelling. 

The Hamburg Ocean Atmosphere Parameters and Fluxes from Satellite Data (HOAPS) set 

is a fully satellite based climatology of precipitation, evaporation and freshwater budget as 

well as related turbulent heat fluxes and atmospheric state variables over the global ice free 

oceans. All geophysical parameters are derived from passive microwave radiometers, 

except for the SST, which is taken from AVHRR measurements based on thermal emission 

of the Earth. 

Starting with the release 3.1, the HOAPS climate data record is hosted by the EUMETSAT 

Satellite Application Facility on Climate Monitoring (CM SAF) and the further 

development is shared with the University of Hamburg and the MPI-M. While the HOAPS 

release 3.2 in 2012 covered the entire record of the passive microwave radiometer SSM/I, 

the upcoming extended version of the HOAPS data set includes also the SSMIS record up 

to December 2014. These HOAPS data products will be available as monthly averages and 

6-hourly composites on a regular latitude/longitude grid with a spatial resolution of 0.5° x 



0.5° from July 1987 to December 2014 (December 2008 for HOAPS3.2). Covering nearly 

28 years the new HOAPS data set is highly valuable for climate applications. The data can 

be retrieved from the CM SAF web user interface http://wui.cmsaf.eu and from 

http://www.hoaps.org. 

The presentation will cover details of the HOAPS-3.2 release, recent enhancements as well 

as future plans for the further development of the HOAPS data set. E.g., for the 

precipitation, the liquid water path and the integrated water vapour product, a new 1D-Var 

based retrieval is being developed.  

Preliminary results present the differences between the statistical retrievals used in 

HOAPS-3.2 compared to the new 1D-Var based retrieval. Main advantage of the 

implementation of a 1D-Var retrieval over regression type algorithms is in particular, that 

retrieval uncertainties of the retrieved geophysical parameters are provided. 

http://wui.cmsaf.eu/
http://www.hoaps.org/
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The quantification of uncertainty associated with multi-sensor satellite precipitation estimates is a key 

for allowing their usability for a variety of applications. There is substantial evidence suggesting that 

the uncertainty increases at finer scales. Guilloteau et al. (2016), using West Africa as a case study, 

and based on wavelet-derived metrics provided an assessment of the effective resolution of various 

satellite rainfall estimation products in terms of rain detection.  It was concluded that, for mean square 

error minimisation, assuming a null variability for scales finer than 40 km and 2 h or 20 km and 4 h is 

preferable to considering the products at their full nominal resolution. This calls for the development 

of a probabilistic approach for rain detection at high resolution. 

A stochastic, ensemble generation is used here to derive probabilistic estimates. Ensembles of 

precipitation masks are generated at 6 km and 30 min resolution by the following procedure: 

1) A wavelet-based filtering is applied on a high- resolution precipitation mask which has been
previously produced by the Tropical Amount of Precipitation with Estimate of ERors (TAPEER) 

algorithm. Large scale variability is preserved and fine scale variability is smoothed. This optimal (in 

terms of mean square error) filtering is a spatio-temporal extension of the spatial filtering method 

described in Turner et al. (2004). 

2) To compensate for the loss of variability induced by the filtering, fine scale random

variations are generated stochastically in the wavelet domain, and combined with the filtered field. 

Given that the filtering retains some of the satellite-observed variability at each scale, the variation at 

each scale are partially deterministic and partially stochastic. The finer the scale, the more prominent 

the influence of the stochastic part. The spatiotemporal autocorrelation of generated fields is 

constrained by their wavelet energy spectrum.  

The proposed method enables to generated high resolution synthetic precipitation fields while partially 

constraining their variability at various spatio-temporal scales. The generated fields are considered 

here from an ensemblist probabilistic perspective to quantify the precipitation retrieval uncertainty 

associated with fine scale variations. 

Ref: 

Turner, B. J., I. Zawadzki, and U. Germann, 2004: Predictability of Precipitation from ContinentalRadar Images. 
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Proposed convoys of mm-wave radiometers on cubesats or precipitation-profiling radars on 

small satellites hold the promise of unprecedented fine temporal sampling (between 30 

seconds and 3 minutes) of quickly evolving severe weather systems. To quantify the high 

added value of using frequent tri-dimensional radar or radiometer observations of the 

atmosphere to capture the dynamics of rapidly evolving weather systems, we analyze the 

joint use of radar reflectivities Z and their time derivatives dtZ to extract unique information 

about the dynamics of the atmosphere. Starting with ground-radar proxies, three distinct 

case analyses of Z and dtZ quantify the 4-dimensional distribution of moisture sources and 

sinks, revealing patterns never observed to date. The robust relation between dtZ and the 

rate of change of the condensed-water mass M is also confirmed using cloud-resolving 

numerical simulations , where we also demonstrate that dynamic variables such as the 

vertical air mass flux and thermodynamical quantities such as latent heat can be retrieved 

sufficiently accurately to distinguish between various proposed convective parametrizations. 

The main examples are analyses of time series of ground radar volume scans during 

different meso-scale regimes, and very high resolution simulations of the tropical 

depression that became Hurricane Isabel in September 2003 with the synthetic observations 

that would have been made over this system by convoys of the Jet Propulsion Laboratory's 

"RainCube" radar and JPL's Microwave Atmospheric Sounder on CubeSat ("MASC") , with 

different microphysical schemes. 
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Abstract: Global monitoring of precipitation is important because of its significant 
human consequences. However, the multiplicity of hydrometeor types and their small- 
and large-scale spatial inhomogeneities make accurate measurements difficult. For 
example, rain gauge measurements are significantly impaired by wind, poor global 
coverage, and the non-uniformity of rain. Both ground-based radars and passive 
microwave sensors sense precipitation aloft and are generally unable to discern how 
much of that precipitation evaporates before impact. Both are also insensitive to known 
local hydrometeor size, form, and vertical velocity distributions, as are simple single 
frequency radars on satellites. The resulting lack of adequate ground truth seriously 
complicates development and validation of global precipitation sensing methods.  
MWHTS (microwave humidity and temperature sounder) onboard FY-3C satellite is a 
fifteen-channel total power microwave radiometer in the range of 89GHz to 191GHz 
and has been launched in the September, 2013. Combining 13 horizontal polarized 
channels near 118.75GHz (which is the first operated to detect atmosphere on current 
operational polar orbiting satellite) and 183GHz, also window channels at 89GHz and 
150GHz, precipitation content and path can be predicted.  
However, the current polar-orbiting meteorological satellite observation system ensures 
that only six hours of observation period, unable to typhoons and other fast-changing 
weather systems for real-time observation. Only instruments on geostationary or 
comparable platforms can view regional disaster at the 15-min interval that is necessary 
to monitor rapidly evolving typhoon or cyclone events. Equipped with a sub-millimeter 
atmospheric remote sensing instruments on the geostationary orbit meteorological 
satellite platform will increase the frequency of observations at the same time, improve 
the cloud detection capability. 
This paper discusses the abilities of passive microwave/sub-millimeter sensor GIMS, 
which is being developed by NSSC (National Space Center, Chinese academy of 
sciences) to retrieve atmospheric temperature and humidity profiles. Furthermore, we 
also carry out the work of retrieving surface precipitation rates and hydrometeor water 
paths. 
Key  words:  FY3C, MWHTS, geostationary, GIMS, precipitation 
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Precipitation Retrievals in typhoon regions combining FY3C MWHTS Observations and GIMS simulations
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A validation of four satellite daily precipitation estimates is performed with a spatial 

resolution of 0.25 degrees over the central Andes, an area of highly complex 

topography: The Tropical Rainfall Measuring Mission (TRMM) Multisatellite 

Precipitation Analysis (TMPA, 3B42 V7 and RT), the Climate Prediction Center 

Morphing technique (CMORPH) and Hydro-Estimator (HYDRO). Such remote 

mountainous regions represent a major challenge for these satellite products and for 

studies examining their quality with surface data. 

For the assessment of the satellite products, a period of seven years from January 1st 

2004 and December 31st 2010 on the mountainous region of the Central Andes was 

considered. Different statistics were analyzed considering the variability of the study 

area and identifying the main differences between the warm and cold seasons. The 

results indicate a decrease in winter errors which coincides with the wet season over the 

windward area of the Andes. Also, a significant underestimation of the precip itation is 

observed for all estimates throughout the period analyzed.  

The analysis with respect to terrain height shows a greater dependence of errors with 

topography for all the algorithms that combine infrared and passive microwave data, 

HYDRO providing the most stable result. The main limitations of the estimates 

associated with the type of precipitating event and their location relative to the 

orography are assessed. 

Finally, the analysis between 3B42 RT and V7 and the Integrated Multi-Satellite 



Retrievals for Global Precipitation Measurement (IMERG ER and FR) is presented in 

the last matching period available. This allows the assessment of the latest advances in 

satellite derived estimates and the comparison of operational and research products.  

Key words: Precipitation, satellite products, topography. 
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Long term precipitation climate dataset (PCD) at high spatial and temporal resolution is 

needed for hydro-climatic studies. In the last few years, Precipitation Estimation from 

Remotely Sensed Information using Artificial Neural Networks–Climate Data Record 

(PERSIANN-CDR) was developed for providing near global coverage daily rainfall 

estimates at 0.25o lat.-long scale for the period of 1983 to the near current time.  This 

dataset has been used in many hydro-climatic analysis.  This presentation addresses our 

recent development of PCD at UC Irvine.  PERSIANN-Cloud Classification System 

(PERSIANN-CCS) is used to retrieval precipitation estimation at fine spatial (0.04ox0.04o 

lat.-lon.) and temporal (hourly) resolution.  Bias adjustment of PERSIANN-CCS 

estimation for PCD is implemented in two steps, including (1) a temporal adjustment of 

precipitation distribution using passive microwave (PMW) precipitation estimation and (2) 

a climatic scale adjustment of estimation using GPCP monthly estimation.  This two-step 

adjustment is shown to be effective for not only improving estimation of extreme 

precipitation, but also maintaining climatological consistency for the data record period. 

The developed PCD is evaluated using radar and gauge observations over CONUS.  The 

results show our newly developed merging approach can provide improved estimation than 

the original PERSIANN-CCS.  The improved estimation, in terms of distribution and 

intensity, gives its potential for providing better estimation of extreme precipitation events  

being relevant to the floods and droughts. Further test of PCD estimation for other regions 

is ongoing. Details of the algorithm development and test results will be presented and 

discussed. 
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The U.S. GPM science team’s merged precipitation product, the Integrated 

Multi-satellitE Retrievals for GPM (IMERG) was scheduled for being upgraded to 

Version 4 in late Summer 2016, which is the first version to be based on data and 

intercalibrations provided by the GPM Core Observatory.  It retains the structure of 

three “Runs”, providing Early, Late, and Final datasets at latencies of 4 hours, 15 hours, 

and 2.5 months, respectively, that address the needs of different groups of users.  All 

three Runs provide publicly-available half-hourly 0.1° x 0.1° gridded data on the 

latitude belt 60°N-S, with multiple fields of intermediate data in addition to the 

complete precipitation field.  Changes in performance from Version 3 to 4 will be 

examined, including a discussion of calibrations among sensor retrievals.  The 

performance by IMERG is frequently directly controlled by the performance of the 

individual sensors, such as known algorithm problems in coastal regions and around 

complex terrain.  An outlook will be shown for the expected future processing for 

IMERG, which includes the next upgrade (to Version 5) later in 2017 and subsequent 

long retrospective processing back to 1998. 



The Use of Satellite Rainfall Estimates for Assessing Impacts of ENSO over Tanzania 
Presenter: Edwin Marco Igenge 
Address: Morogoro Road, Ubungo Plaza Third Floor, P.O Box 3056, Dar es Salaam 
Country: Tanzania 
E-mail: eigenge@gmail.com or edwin.igenge@meteo.go.tz 
Author: Edwin Marco Igenge 
Affiliations: Tanzania Meteorological Agency  

ABSTRACT 
Studies on investigating the relationship of drought in Tanzania to the cycle of El Nino Southern 
Oscillation (ENSO) has found that cool phase of ENSO (or La Nina) shows negative effect on of rainfall, 
whereas the warm phase (or El Nino) has positive relationship to the increase of rainfall Tanzania. Studies 
also show that the spatial extent and frequency of drought events over Tanzania have both increased and 
caused significant adverse impacts on socio-economic activities. Meanwhile drought assessment and 
monitoring using conventional methods that has challenges owing to sparse distribution of weather 
stations. The use of satellite derived rainfall estimates can alleviate this challenge and help to identify 
areas at risk of meteorological and agricultural drought, as well as environmental and socioeconomic 
impacts that may occur due to drought conditions. This presentation aims at demonstrating how rainfall 
estimates help in assessing the association of ENSO with drought variability over Tanzania. Satellite 
derived rainfall has been combined with available station data to construct rainfall time series from 1983 
to 2014. These data are then used to assess the impact of different ENSO phases as well as the Indian 
Dipole over different parts of Tanzania. These products are made available to the public through Tanzania 
Meteorological Agency’s webpage. 
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The Dual-frequency Precipitation Radar (DPR) on board the Global Precipitation 

Measurement (GPM) core satellite consists of two radars: Ku-band precipitation radar 

(KuPR) and Ka-band precipitation radar (KaPR). The DPR instrument was developed by 

the Japan Aerospace Exploration Agency (JAXA) in cooperation with the National Institute 

of Information and Communications Technology (NICT). This space-borne precipitation 

radar can observe three dimensional distribution of reflectivity all over the earth. In 

numerical weather prediction (NWP) system, a skillful assimilation of such observation 

data provides improvement of precipitation forecast. Therefore, the Japan Meteorological 

Agency (JMA) has been developing the space-born radar assimilation, introducing 

GPM/DPR in the operational regional NWP system in March 2016 as its first operational 

assimilation of space-borne radar data.  

In the GPM/DPR assimilation, vertical humidity profiles are retrieved from the DPR 

reflectivity profiles using Bayesian theory. Then, the 1-dimensional (1D) relative humidity 

profiles thus obtained are assimilated in 4-dimensional variational (4DVAR) data 

assimilation system. This method, known as 1D+4DVAR, is also used for assimilation of 

ground-based weather radar at JMA. In the performance evaluation tests of the GPM/DPR 

assimilation, improvement of typhoon and precipitation forecast was demonstrated. These 

results of performance evaluation test and future plans of development for GPM/DPR 

assimilation will be presented in the workshop. 
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The atmospheric science community has entered a period in which electromagnetic 

scattering properties at microwave frequencies of realistically constructed ice particles are 

necessary for making progress on a number of fronts, including retrieval of ice-particle 

properties and signatures from ground-, airborne- and satellite-based radar and radiometer 

observations; evaluation of model microphysics by application of forward operators to their 

outputs and comparison to observations during case study periods; and data assimilation, 

where again forward operators are applied to databases of ice-particle scattering properties 

and the results compared to observations, with their differences leading to corrections of the 

model state.  

Over the past decade investigators have developed databases of ice-particle 

scattering properties at microwave frequencies and made them openly available. Motivated 

by and complementing these earlier efforts, a database is presented that contains complete 

(polarimetric) scattering property information for each ice particle – 44 plates, 30 columns, 

405 branched planar crystals, 660 aggregates, and 640 conical graupel – with multiple 

directions of incident radiation at four frequencies (X-, Ku-, Ka- and W-bands), but without 

temperature dependencies or scattering properties averaged over randomly oriented ice 

particles. These results are useful for understanding the dependence of ice-particle 

scattering properties on ice-particle orientation with respect to the incident radiation.  

Rules for constructing the morphologies of ice particles from one database to the 

mailto:zxj113@psu.edu


next often differ; consequently, analyses that incorporate all of the different databases will 

contain the most variability, while illuminating important differences between them. 

Publication of this database is in support of future analyses of this nature and comes with 

the hope that doing so helps contribute to the development of a database standard for 

ice-particle scattering properties, like the NetCDF CF (Climate and Forecast) or NetCDF 

CF Radial metadata conventions. 
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Modern data assimilation frameworks require sophisticated physical and radiative 

models to guide assimilation and interpretation of satellite-based observations. To date, 

satellite-based infrared and passive microwave radiances, in various scenarios, are being 

assimilated operationally at multiple centers around the world (e.g., ECMWF, NOAA), 

however precipitating/cloudy radiances assimilation is still under development for most 

observation streams.  

With the advent of space-based precipitation radars (e.g., TRMM, GPM, CloudSat), 

active microwave scatterometers (e.g., RapidScat), and radar altimeters (e.g., JASON), 

interest in directly assimilating satellite-based active microwave observations is 

increasing.   Current operational algorithms at NOAA do not assimilate satellite radar 

observations, partly due to a lack of an active sensor forward operator in the 

Community Radiative Transfer Model, which is the radiative transfer model used for 

most numerical weather prediction activities in the United States.   

This presentation describes the development and application of the Community Active 

Sensor Module (CASM), designed to simulate active microwave sensor observations, 

consistent with current and future sensors. The presented material will cover the 

forward-modeling component of CASM, providing a model description, key physical 

elements, and sensitivity to the various inputs and implicit / explicit assumptions.  As a 

preliminary evaluation, CASM is also evaluated against observations from the Global 

Precipitation Measurement Mission Dual-Frequency Precipitation Radar (GPM DPR) 

observations in both a targeted case study and a global, year-long analysis. 
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Latitudinally, Seasonally, and Surface Type Dependent Zenith-Angle Corrections for 
AVHRR GAC 4km Brightness Temperatures 

Robert Joyce and Pingping Xie 
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A test system is being developed at NOAA Climate Prediction Center (CPC) to produce a 
CMORPH, IR-based, and model integrated high-resolution precipitation estimation on a 

0.05olat/lon grid covering the entire globe from pole to pole.  The pole-to-pole global 
CMORPH system is built upon the Kalman Filter based CMORPH algorithm of Joyce 
and Xie (2011). First, retrievals of instantaneous precipitation rates from passive 

microwave (PMW) observations aboard low earth orbit (LEO) satellites are decoded and 
mapped onto a 0.05olat/lon grid over the globe. The mapped PMW retrievals are then 

calibrated utilizing a PDF matching technique against a reference field, the TRMM/GPM 
TMI/GMI-based PMW retrievals over tropics and mid-latitudes.  PMW retrievals over 
high latitudes and winter seasons consisting of cold surfaces however present a host of 

problems.  Land and sea-ice retrieval methods rely on a weak signal of rainfall scattering 
on high-frequency channels that make use of empirical thresholding and regression-based 

techniques. Because of the increased surface signal interference, retrievals over complex 
surfaces including sea ice and snow covered land often result in either erroneously zero 
precipitation values or often extremely high precipitation anomalies. Thus for these 

regions and seasons, the Advanced Very High Resolution Radiometer (AVHRR) Global 
Area Coverage (GAC) 4km InFrared (IR) brightness temperatures (Tb) and associated 

cloud flag parameters present observations that can be used to indirectly estimate 
precipitation from cloud top information.    

AVHRR IR retrievals at increasing limb angles however suffer from the same limb 
darkening effects found in window channel (~11 micron) IR retrieved from geostationary 

(GEO) satellites. Two mechanisms combine to reduce the observed Tb for targets with 
large zenith angles. First, in non-uniform cloudiness, radiation originating from the 
earth’s surface is more likely to be obstructed by the sides of the clouds toward a satellite 

at large zenith angles as opposed to a satellite at small zenith angles.  Secondly, larger 
zenith angles cause longer optical paths, which decrease the contribution by surface 

radiation and increase that by attenuation and emission by cloud matter and water vapor. 
We refer to this as a ‘‘radiometric effect”.  Joyce et al. (2001) determined that IR 
retrievals became systematically colder at increasing zenith angles and toward brightness 

temperatures close to 235 K, a temperature threshold often used as a precipitation 
indication criteria such as the GOES Precipitation Index.  Corrections were determined 

by matching limb IR retrievals from a distant GEO satellite with nadir retrievals from a 
reference satellite.  The approach used here is considerably different in that the 100 nadir 
beam position AVHRR retrievals (out of GAC 409 positions) are used as reference for 

the remaining limb positions.  Corrections are determined by Probability Density 
Function (PDF) matching limb retrievals to those from the nadir based reference 

retrievals starting with the coldest Tbs.  Corrections are stratified by climatological 



monthly, surface type, and latitude dependencies.  Detailed results will be reported at the 
IPWG Meeting.  
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Space-based microwave radiance observations are a crucial data source in data 

assimilation for numerical weather prediction (NWP). Oceanic microwave radiance data 

contain various kinds of geophysical parameter information: water vapor, cloud, 

precipitation, and ocean surface conditions. Assimilation of the microwave radiance data 

must improve accuracy of initial field of NWP and they bring better weather forecasting. 

In the JMA’s global NWP system, however, microwave radiance data remains largely 

unused in the areas of cloud and precipitation because of the difficulty of accurate 

microwave radiative transfer simulation under such conditions, and inclusion of the 

non-linearity of moist physics processes in the data assimilation system. 

In order to evaluate impact of microwave radiance data assimilation under cloud and 

precipitation conditions, a fast radiative transfer model RTTOV-SCATT which can simulate 

cloud and precipitation affected microwave radiance was implemented in the JMA’s global 

NWP system. In the radiative transfer calculation, atmospheric profiles of hydrometeors (i.e. 

cloud liquid, cloud ice, rain, snow, and cloud fraction) from the JMA’s global forecast 

model were used. 

Generally, assimilation experiments demonstrated increase of analysis increment on 

humidity and temperature in the lower troposphere over ocean. Better fits of analysis and 

first guess fields to existing observations, and increase of assimilated observation data in the 

experiments were confirmed. However, detail comparisons between observed and simulated 

microwave radiance revealed remaining radiance biases in a certain meteorological 

condition. 

The detail of the comparison and the experiment results will be presented in the 

conference. 
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The quantification of uncertainties associated with Integrated Multi-satellitE Retrievals 

for Global Precipitation Mission (IMERG) satellite product is important for its use in 

numerous fields, such as hydrological modeling, land data assimilation systems, and 

water management policies. It fuses information from several satellite microwave and 

infrared precipitation estimates, merged with ground gauge information. Contiguous 

United States (CONUS) is used as a study area for studying the uncertainties associated 

with IMERG. This research identifies the viability of Multi Radar Multi Sensor system 

(MRMS) and Dual frequency Precipitation Radar (DPR) to be used as reference for 

IMERG error estimation. Moreover, the dependence of uncertainties associated with 

IMERG final product on seasonality and climatology is evaluated against MRMS over 

CONUS. Statistical parameters such as hit bias, correlation, and root mean square error 

are computed. Different detection measures such as false alarm rate and probability of 

detection are also investigated and presented in terms of Performance and Taylor 

diagrams. It is observed that the selection of the best reference is critical for correctly 

understanding and interpreting errors in satellite precipitation products. The Koppen 

climatic regions and four different seasons (JJA, SON, DJF, and MAM) are used to 

investigate the dependence of all the error components on climatology and seasonality. 
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The validation of satellite-based precipitation products is of utmost importance for both the algorithm developers and 

for the user community; the inter-comparison of a range of precipitation products is valuable to assess the usefulness of 

the different products under different meteorological and regional situations. 

IPWG has been carrying out a program of inter-comparisons since 2002 over a number of regional sites across the globe. 

These currently include the United States, South America, Europe, South Africa, Japan and Australia. The current IPWG 

inter-comparison strategy relies upon the developers of the precipitation products to make their products available to 

regional centres; this ensures that any validation data (that may be sensitive) remains within the local centre. Satellite 

products, generated at a common resolution of daily, 0.25x0.25 degrees are compared with surface data sets derived 

from rain gauges and/or surface weather radar networks. These comparisons are usually available within 24 hours of the 

availability of the product. Each region generates graphical outputs in the form of maps of precipitation (product and 

surface), scatterplots and statistical metrics; similar formats allow the performance of the products to be easily 

compared across different regions. Some regional centres also provide summary of comparisons at the monthly and 

annual scale. 

The future directions of the IPWG inter-comparisons are currently being investigated. At present the comparisons are 

generated on a best-effort basis, and generally go unfunded, thus limiting the work-effort involved. There is growing 

pressure to provide instantaneous inter-comparisons to fully appraise the performance of individual full-resolution 

precipitation retrieval schemes under specific meteorological situations. Such inter-comparisons attract additional 

processing requirements, such as the number of individual overpasses (as opposed a single daily product), full -resolution 

data (as opposed to 0.25x0.25 degree) and more product ‘refinements’ (such as quality flags, probability of 

precipitation, etc).  
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The ability to provide 3-dimensional precipitation retrievals from satellite observations is not new. However, whi le  the 

basis of such retrievals is well established, the 3-dimensional capability has not been fully exploited. Furthermore, 

schemes to provide such retrievals, such as the Goddard PROFiling (GPROF) scheme, are somewhat complex and often 

beyond the computational capability of many users. Satellite-based precipitation radars on both the Tropical Rainfall 

Measuring Mission (TRMM) and the Global Precipitation Measurement (GPM) mission provide 3-dimensional 

information on precipitation, albeit over a relatively narrow swath compared with the swaths provided by passive 

microwave radiometers (both conical and cross-track); the current constellation of passive microwave instrumentation 

provides a far greater number of observations than is possible from the precipitation radars. 

The basis of this 3D precipitation retrieval scheme is aimed at simplifying the process. Initial studies investigated the 

usefulness of using coincident precipitation radar and radiometer observations to generate a radar-radiometer 

database. This database can be subsequently used to provide precipitation retrievals from the radiometers. Provided 

sufficient, representative coincident observations are available, a relatively simple scheme may be used to interrogate 

the database and extract a vertical profile of precipitation for any particular passive microwave observation. A number 

of different database access schemes have been tested, such as maximum likelihood and various distance-weighted 

schemes. The findings show that only 6-8 profiles are needed to provide a reasonable precipitation retrieval; this small  

number of profiles ensures a better radiometer/retrieval match and reduces the unnecessary enlargement of  the rain 

area. 

This study demonstrates the technique and provides some examples of these 3D retrievals aimed at advancing our 

understanding of precipitation systems. 
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NASA is planning a multi-year airborne snow (snow on the ground) campaign called 
“SnowEx,” beginning the northern hemisphere winter of 2016-2017 and continuing for a 
total of 5 years.  A major goal of SnowEx is to provide the data needed to define a 
future snow satellite concept, particularly evaluating multiple sensing techniques 
including lidar, hyperspectral, BRDF, radar, and passive microwave sensors—in concert 
with models—under a range of snow conditions and confounding factors.  Year 1 will 
use forests to challenge the sensing techniques.  Detailed snow & vegetation ground 
truth will be collected using a mix of traditional and new methods.  Ground-based 
radars, lidars, VIS/IR spectrometers, and passive microwave sensors are planned as 
well.   

The objective of this presentation is to update the falling-snow community on SnowEx 
plans (sites, dates, instruments, etc), and to discuss potential synergies of falling snow 
and snow-on-the-ground observations for the benefit of both communities. 
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Accurate characterization of uncertainties in precipitation estimates derived from space-
borne measurements is critical for many applications including water budget studies or 
prediction of natural hazards caused by extreme rainfall events. The GPM precipitation 
Level II (active and passive) and Level III (IMERG) estimates are compared to the high 
quality and high resolution NEXRAD-based precipitation estimates derived from the 
NOAA/NSSL’s Multi-Radar, Multi-Sensor (MRMS) platform. The NEXRAD network 
has undergone an upgrade in technology with dual-polarization capabilities and the 
MRMS products, after having been adjusted by rain gauges and passing several quality 
controls and filtering procedures, are 1) accurate with known uncertainty bounds and 2) 
measured at a resolution below the pixel sizes any GPM estimates, providing great 
flexibility in matching MRMS samples to grid scales or “footprints”. Collectively, these 
MRMS products provide an independent and consistent reference research framework for 
directly evaluating post-launch GPM precipitation products across a large number of 
meteorological regimes as a function of resolution, accuracy and sample size.  
A comparison framework was developed to examine the consistency of the ground and 
space-based sensors in term of precipitation detection, typology (e.g. convective, 
stratiform) and quantification. Several aspects of satellite precipitation retrieval are 
evaluated such as precipitation detectability and distributions, separation of systematic 
biases and random errors, influence of precipitation sub-pixel variability and comparison 
between satellite products. At the Level II precipitation features are introduced to analyze 
satellite estimates under various precipitation processes. Specific factors for passive (e.g. 
surface conditions for GMI) and active (e.g. attenuation of the radar signal, non uniform 
beam filling for DPR) sensors are investigated. Prognostic analysis directly provides 
feedback to algorithm developers on how to improve the satellite estimates. Comparison 
with TRMM products serves as a benchmark to evaluate GPM precipitation estimates. A 
the Level III the contribution of Level II is explicitly characterized and a rigorous 
characterization is performed to migrate across scales fully understanding the propagation 
of errors. This cross products characterization acts as a bridge to intercalibrate microwave 
measurements from the GPM constellation satellites and propagate to the combined and 
global precipitation estimates. Future perspectives are presented. 
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OceanRAIN systematically measures along-track oceanic rain, snow and mixed-phase 

precipitation using ODM470 optical disdrometers onboard a total of 12 research vessels. 

The aim is to establish a comprehensive statistical basis of precipitation for all climate 

regions and seasons over the global oceans for validation of hydrological processes in 

satellite, re-analysis and model data. To achieve this goal, OceanRAIN combines all 

shipboard meteorological and disdrometer data into a data set that provides the 

along-track freshwater flux (evaporation minus precipitation). 

The ODM470 is especially designed for all-weather shipboard operation under high and 

frequently varying wind speeds and rough sea states. The ODM470 samples 

minute-resolution particle size distributions. Additionally, an algorithm estimates the 

precipitation phase probability using air temperature, relative humidity and particle size.  

From this, precipitation occurrence, intensity, accumulation, reflectivity and number 

concentration are calculated using a rain and snowfall algorithm. 

This presentation provides an overview on the current status of the OceanRAIN project, 

including instrumentation, data ingest, post-processing and the available level 3 

products. Furthermore, a statistical analysis of oceanic precipitation and ancillary 

meteorological measurements is presented for oceanic basins in all climatic regions and 

seasons. 

Applications of the data set and international collaborations comprise snowfall 

validation during the WMO SPICE campaign (Solid Precipitation Intercomparison 

Experiment); co- location, validation and error characterization of HOAPS (Hamburg 

Ocean Atmosphere Parameters and fluxes from Satellite data), GPM / CloudSat 

co-locations onboard the Australian R/V Investigator within the CAPRICORN project; 



analysis of the point-to-area problem; as well as statistical and process studies analyzing 

the microphysical properties of rain and snow. 

Information on OceanRAIN is available via http://www.oceanrain.org. 

http://www.oceanrain.org/
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Although snowfall is undoubtedly of major importance for the water cycle at high 

latitudes and for our understanding of cold rain formation, snowfall microphysics is still 

a big challenge for atmospheric modelers and observationalists. One reason is the 

enormous variability of snowfall properties including for example various habits ranging 

from single ice crystals and snow aggregates to rimed particles. 

In recent years, the increasing number of available snow and ice particle scattering models 

suggested that a combination of three radar frequencies which cover the Rayleigh 

scattering regime up to the Mie scattering regime could help to untangle at least certain 

classes of snowfall like aggregates or graupel-like particles. Recent observations from 

airborne and ground-based campaigns confirmed the general existence of different 

regimes in the triple-frequency space similar to those predicted by the scattering models.  

In this contribution we will show first results from a campaign in Finland where ground -

based triple-frequency (X-, Ka-, and W-band) radar observations were for the first time 

analyzed in combination with a comprehensive set of collocated in-situ observations. The 

three analyzed case studies cover a wide range of snowflake habits and densities (degrees 

of riming). The observed triple-frequency signatures are in general agreement with former 

studies but also reveal unexpected new features: In addition to open, low-density 

aggregates, rimed particles populate in distinctly different regions and show high 

sensitivity on the change in bulk snowfall density. Therefore, we can conclude that triple-

frequency radar observations bear the potential to constrain some key parameters of 

snowfall microphysics like median mass diameter or bulk snowfall density. We will 

further present first results of a recent triple-frequency campaign in Germany which was 



aimed to exploit the additional information that can be gained by combining triple-

frequency observations with scanning X-Band radar polarimetry.  
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During the last years, an increasing number of microwave (MW) scattering databases and 

novel approximations for single particles, complex aggregates and even rimed and 

melting aggregates became available. While these developments are in general a great 

step forward, their evaluation with observations is a very necessary but also challenging 

task. Recently available multi-frequency radar observations which cover the Rayleigh up 

to the Mie scattering regime revealed characteristic signatures of rimed and unrimed 

aggregated particles. However, the observed signatures are still affected by both, the 

particle size distribution (PSD) and the single scattering properties of the particles which 

makes a clear evaluation of one or the other challenging. 

In this contribution we present a new approach which uses the radar Doppler spectra at 

three frequencies (X, Ka, and W-band) collected during a recent winter field campaign in 

Finland. We analyzed a snowfall event which includes rimed and unrimed snow 

aggregates. A large selection of spectra obtained from low-turbulence regions within the 

cloud reveals distinctly different signatures of the derived Doppler spectral ratios. Due to 

the third frequency, a characteristic curve can be derived which is almost independent of 

the underlying particle size distribution and velocity-size relation. The characteristics of 

the curves obtained for rimed and unrimed are distinctly different. The observed 

signatures were compared with scattering calculations obtained with discrete dipole 

approximation (DDA), self-similar Rayleigh-Gans approximation (SSRG), and with the 

classical soft spheroid (T-Matrix) method. While the DDA calculations of unrimed and 

rimed aggregates fit the observed signatures well, the T-Matrix results lie far outside the 

observed range. The SSRG approximations was found to be principally able to recover 



the main features but a better matching would need an adjustment of the published 

coefficients.  
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The Dual Frequency radar (DPR) equipped on the Global Precipitation Mission (GPM) core 

satellite is a unique and excellent tool for measurements of rain and snow. The radar algorithm 

for snow fall rate estimate is different from that for rain. Thus, hydrometeor classification is 

needed for precipitation measurements as a first step. Backscattering properties are sensitive to 

particle size. Because snow particles are larger than raindrops in size, different backscattering 

properties of rain and snow are expected depending on radar frequencies. The different 

properties have been used to classify hydrometeor type for the DPR measurements: the dual 

frequency ratio (DFR) which is a ratio of radar reflectivity at Ku-band to that at Ka-band,has 

been applied for hydrometeor classification. The DFR is also sensitive to attenuation properties. 

For dry snow, radar attenuation is almost negligible. In contrast, significant attenuation appears 

for rain in particular for Ka-band radar. This different attenuation property can be used for 

hydrometeor classification. In the present study, we focused on the attenuation effects on the 

DFR and made simulations for radar-received signals in rain and dry snow conditions for the 

GPM-DPR configurations. Based on the results of simulation, we have developed a method to 

identify regions of dry snow and rain from vertically sequential data of the DFR and Ze(Ku). 

Because the attenuation effects appear only in rain region, the scattering medium can be 

identified as liquid precipitation if we detect the attenuation effect in the measured DFR. To 

detect attenuation, we apply the vertical variation of ratio of the DFR to Ze(Ku) as a measure of 

the attenuation effects in rain region. The algorithm was examined by using the GPM-DPR 

observed data for the validation, showing clear increasing tendency with decreasing altitude of 

the ratio in relatively intense rain regions. 
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The Global Precipitation Measurement (GPM) mission is an international collaboration 

to achieve highly accurate and highly frequent global precipitation observations. The 

GPM mission consists of the GPM Core Observatory jointly developed by U.S. and 

Japan and Constellation Satellites that carry microwave radiometers and provided by the 

GPM partner agencies. The GPM Core Observatory, launched on February 2014, 

carries the Dual-frequency Precipitation Radar (DPR) by the Japan Aerospace 

Exploration Agency (JAXA) and the National Institute of Information and 

Communications Technology (NICT). JAXA develops the DPR Level 1 algorithm, and 

the NASA-JAXA Joint Algorithm Team develops the DPR Level 2 and DPR-GMI 

combined Level2 algorithms.  

JAXA also develops the Global Satellite Mapping of Precipitation (GSMaP), as national 

product to distribute hourly and 0.1-degree horizontal resolution rainfall map. The 

GSMaP near-real-time version (GSMaP_NRT) product is available 4-hour after 

observation through the “JAXA Global Rainfall Watch” web site 

(http://sharaku.eorc.jaxa.jp/GSMaP) since 2008. The GSMaP_NRT product gives 

higher priority to data latency than accuracy, and has been used by various users for 

various purposes, such as rainfall monitoring, flood alert and warning, drought 

monitoring, crop yield forecast, and agricultural insurance.  

There is, however, a requirement for shortening of data latency time from GSMaP users. 

To reduce data latency, JAXA has developed the GSMaP realtime version 

(GSMaP_NOW) product for observation area of the geostationary satellite Himawari-8 

operated by the Japan Meteorological Agency (JMA). GSMaP_NOW product was 

released to public in November 2, 2015 through the “JAXA Realtime Rainfall Watch” 

web site (http://sharaku.eorc.jaxa.jp/GSMaP_NOW/). 
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Accurate and reliable real-time monitoring and dissemination of observations of 

precipitation and surface weather conditions in general is critical for a variety of research 

studies and applications.  Surface precipitation observations provide important reference 

information for evaluating satellite precipitation estimates.  High quality surface 

observations of precipitation, temperature, moisture, and winds are important for 

applications such as agriculture, water resource monitoring, health, and hazardous weather 

early warning systems.  In many regions of the World, surface weather station and 

precipitation gauge networks are sparsely located and/or of poor quality.  Existing stations 

have often been sited incorrectly, not well-maintained, and have limited communications 

established at the site for real-time monitoring.  The University Corporation for 

Atmospheric Research (UCAR)/National Center for Atmospheric Research (NCAR), with 

support from USAID, has started an initiative to develop and deploy low-cost weather 

instrumentation including tipping bucket and weighing-type precipitation gauges in sparsely 

observed regions of the world. The goal is to improve the number of observations 

(temporally and spatially) for the evaluation of satellite precipitation estimates in 

data-sparse regions and to improve the quality of applications for environmental monitor ing 

and early warning alert systems on a regional to global scale.  One important aspect of this 

initiative is to make the data open to the community.  The weather station instrumentation 

have been developed using innovative new technologies such as 3D printers, Raspberry Pi 

computing systems, and wireless communications.  An initial pilot project have been 

implemented in the country of Zambia.  This effort could be expanded to other data sparse 

regions around the globe.  The presentation will provide an overview and demonstration of 

3D printed weather station development and initial experiences deploying the first network 

in Zambia. 
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The imminent launch of Geostationary Operational Environmental Satellite-series R 

(GOES-R) will significantly upgrade geostationary remote sensing capabilities over the 

Western Hemisphere.  The new Rainfall Rate algorithm on GOES-R will improve 

upon the current-generation operational GOES algorithm (the Hydro-Estimator) in a 

number of ways, taking advantage of the numerous additional spectral bands provided 

by the ABI compared to the current-generation GOES Imager.  This talk will describe 

the algorithm, evaluate performance using Himawari-8 Advanced Himawari Imager 

(AHI) as a proxy and describe planned post-launch validation activities leading up to 

operational deployment of the new rain rate products. 
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The imminent launch of Geostationary Operational Environmental Satellite-series R 

(GOES-R) will significantly upgrade geostationary remote sensing capabilities over the 

Western Hemisphere: nearly 3 times as many spectral bands, twice the spatial resolution, 

and 5 times faster scanning will lead to many new and improved operational products.  

This talk will briefly review GOES-R capabilities, describe some of the new and 

enhanced operational products, and outline the planned process from launch to final 

operational deployment of these new data and products.  It will also describe work to 

improve the algorithms beyond initial deployment through Risk Reduction-supported 

science. 
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Considering the inherent errors in global satellite precipitation estimates (SPE), in this study 

we have carried out a detailed error characterization of TMPART-V7 estimate over the central 

part of Krishna river basin covering an area of about 20,000 Km2. For this study, we have used 

the Indian summer monsoon (ISM) daily rainfall data from 2002 to 2013. The reference data 

used is the gauge based gridded daily rainfall data obtained from Pai et al. 2014. Researchers 

(Tan et al., 2015; Frédéric et al., 2009) found that the errors present in SPEs are influenced by 

the rainfall Intensity. Keeping this in mind, the present work mainly focuses on assessment of 

different errors namely miss precipitation, false precipitation and hit error with respect to 

rainfall intensities. It is noteworthy to mention that this is the first of its kind study in India 

because such type of study (error characterization wrt. rainfall intensity) is not available for 

any of the Indian river basins. Obtained results indicate that the probability of detection 

(POD) is considerably less in low to moderate (0-10mm/day) rainfall range as compared to 

moderate to high (>10 mm/day) rainfall range. On the other hand, FAR is also high in low to 

moderate rainfall range. Detailed analysis revealed that the hit error in TMPA shows a 

different trend in different precipitation ranges i.e. TMPA is overestimating the observed 

rainfall intensity up to 30 mm/d and beyond this, it is underestimating. Particularly, for the 

extreme rainfalls (>90mm/d) the underestimation is severe. On the basis of our finding, it is 

recommended that the future effort on error correction should be made considering the 

rainfall intensity as well.  

Keywords: TMPA-RT, Error characterization, Hit error, Miss precipitation, False 

Precipitation, Rainfall intensity 
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The GPM Radiometer algorithm implemented in April of 2016 for the imaging 

radiometers and subsequently for the sounding radiometers uses both the Combined 

Algorithm’s inner swath and the Dual Precipitation Radar’s Ku algorithm to construct 

a-priori databases.  The Combined algorithm’s inner swath, consisting of both Ku and 

Ka radar plus GMI information is used over ocean.  During the early validation phase 

of the GPM core satellite products, it appeared that the Combined product 

overestimated the land-based precipitation associated with deep convection in a 

significant manner.  The decision was therefore made to keep the Comb ined Algorithm 

hydrometeor profiles (which lead to Tb that were consistent with the GMI observations), 

but to replace the surface rainfall of that algorithm with the DPR Ku product.  The 

DPR Ku product was chosen because it has the smallest biases and highest correlations 

with surface based radar products.  The DPR product is currently used over all surface 

types except ocean.   The talk will begin by providing an assessment performed by the 

GPM Validation Team as well as the CSU team.  Results generally show a solid 

improvement over the at-launch product when compared to independent in-situ 

observations.   Remaining problems, however, stand out.  Specifically, it appears as if 

V4 produces too little precipitation at very high latitudes, particularly over oceans, and 

appears to produce too much precipitation in cases of very deep convection as observed 

over the Central US, the La Plata river basin and the sub-Saharan Africa.  In addition, 

the product also has an artificial bimodality that slightly prefers rain rates around 1.0 

and 10 mm/hr.   The talk focus on each of the shortcomings and detail the solutions 

being implemented for V5 of the GPM products intended for release in early 2017. 
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To improve usability, a web browser user interface (UI) has been constructed for the 
OpenSSP database, which contains nearly 10,000 total realistic synthetic solid 
hydrometeors and their corresponding single-scattering properties (SSPs) at 15 
microwave frequencies. The browser UI provides convenient means for users to select, 
request, and obtain hydrometeor and single-scattering properties from the database, 
relieving the users from having to download and work with the voluminous database 
file(s). Continuous effort has also been carried out in various aspects for the next 
planned release of OpenSSP with expansion and augmentation of the database, 
including more hydrometeor varieties and greater hydrometeor size spans. Our aim is to 
make OpenSSP a premier source of hydrometeors and SSPs in support of precipitation 
retrievals. We will report the status and progress of these efforts. 
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The mid-latitudes stratiform precipitation, especially the long-lasting ones may cause floods 

that affects reasonably large areas. Therefore its monitoring is a significant element of 

warning and forecasting systems. Besides rain gauges and radar data, satellite data might be 

a crucial source of information about stratiform precipitation temporal and spatial 

distribution. The analysis performed by may authors showed how difficult is the estimation 

of stratiform precipitation from satellite data, especially for mid-latitudes regions. However, 

it is assumed that the application of DPR/GPM measurements in precipitation retrievals 

algorithm will lead to improvements of stratiform precipitation estimates. 

In the presentation, the results of the comparative analysis of stratiform precipitation events 

in Poland will be presented. In the study, the set of GPROF satellite precipitation products 

will be compared with rain gauge and radar data as well as with the recently developed 

gauges-radar-satellite combined rain rate product.   
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Continuous monitoring and accurate measurements of precipitation are critical for 

diagnosing and forecasting severe weather and extreme rainfall events. Precipitation 

measurements can be obtained from a variety of sensors including ground-based radar 

as well as space-borne sensors. However, precipitation estimation from ground-based 

radars is limited over land and near coastal regions. This study develops a method 

merging precipitation estimates over East Asia region from various sensors and models 

with optimally determined weights. The method first produces the precipitation 

estimates from the Communication, Ocean, and Meteorological Satellite (COMS); the 

first geostationary satellite of Korea. The satellite precipitation estimation greatly relies 

on the diverse relationships between rain rates and brightness temperatures included in 

a-priori databases. The databases were built with the temporally and spatially collocated 

brightness temperatures at three channels (6.7, 10.8, and 12 μm) of the COMS and 

ground-based radar rain rate estimates. Each collocated precipitation scene functions as 

an individual static a-priori database. Moreover, the collocated datasets in a timespan of 

approximately one hour prior to the designated retrieval are added to the a-priori 

databases. The additional database being considered as a dynamic component in the 

databases tries to include the most similar precipitation characteristics to the target 

scene so that the representativeness of the a-priori databases can be improved. An 

important process in the satellite precipitation retrieval includes selecting the a-priori 

database based on matching the distributions of brightness temperatures of the databases 

and observations. In the retrieval over East Asia region, an individual static database 

showing the most similar probability density function (PDF) of brightness temperature 

to that of the observed brightness temperature is first selected. This database selection 

process appears to enhance matching the physical properties of precipitation types 

between observations and the prior information in the databases.  

This study then demonstrates a technique to merge radar, satellite and model 



precipitation data. The merging method determines the optimal weights in terms of the 

relative magnitudes of the root-mean-square errors (RMSE) between the reference 

sensor observation and the individual precipitation dataset. The merged precipitation 

fields have been created outside of the ground-based radar observing areas with the 

interpolated precipitation with the adjacent radar observations, COMS-based 

precipitation estimates and the short-term forecast model data including MAPLE 

(McGill Algorithm for Precipitation nowcasting and Lagrangian Extrapolation) and 

KLAPS (Korea Local Analysis and Prediction System) data. The merging examples are 

also compared with other precipitation products. 
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As homogeneous snowflake models have recently proven unable to explain the 

microwave scattering properties of falling snowflakes, it has become clear that these 

properties are intricately connected to the snowflake microstructure. The effects of 

various snow formation processes on the radar signatures of snowflakes have previously 

been incompletely explored. Over the last few years, we have created three-dimensional 

simulations of ice crystal formation, aggregation, riming and, most recently, snowflake 

melting. These simulations create volumetric snowflake models that can be readily used 

in discrete dipole approximation (DDA) calculations, which determine the  

single-scattering properties of the snowflakes. We have used these simulations to show 

that the snow crystal type has little effect on the triple-frequency radar signatures of 

aggregate snowflakes. The new snowflake models have also allowed us to demonstrate 

that riming has a distinct signature in the triple- frequency space, and to examine the 

effects of the riming on the applicability of the Rayleigh-Gans Approximation, a 

relatively simple and cost-efficient method for computing radar cross sections of 

snowflakes. We have also sought to validate these findings using experimental data, 

particularly those from the ARM Mobile Facility deployment in Hyytiälä, Finland.  

During the workshop, an overview of performed studies and current challenges will be 

given. 
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Accurate quantitative precipitation estimation is of great importance for water resources 

management, agricultural planning, and forecasting and monitoring of natural hazards such 

as flash floods and landslides. In situ observations are limited around the Earth, especially 

in remote areas (e.g., complex terrain, dense vegetation), but currently available satellite 

precipitation products are able to provide global precipitation estimates with an accuracy 

that depends upon many factors (e.g., type of storms, temporal sampling, season among 

others). Recently, Brocca et al. (2014) have proposed an alternative approach (i.e., 

SM2RAIN) to estimate rainfall from space by using satellite soil moisture observations. In 

contrast with classical satellite precipitation estimation methods, which sense cloud 

properties to retrieve instantaneous precipitation, this new bottom-up approach makes use 

of two consecutive soil moisture measurements for obtaining an estimate of the fallen 

precipitation within the interval between two satellite overpasses. As a result, the nature of 

the measurement is different and complementary to the one of classical precipitation 

products and could provide a different valid perspective to substitute or improve current 

rainfall estimates. However, uncertainties in the SM2RAIN product are still not well known 

and could represent a limitation in utilizing this dataset for hydrological applications. 

Therefore, quantifying the uncertainty associated with SM2RAIN is necessary for enabling 

its use. The study is conducted over the Italian territory for a 5-yr period (2010-2014). A 

number of satellite precipitation error properties, typically used in error modeling, are 

investigated and include probability of detection, false alarm rates, missed events, spatial 

correlation of the error, and hit biases. After this preliminary uncertainty analysis, the 

potential of applying the stochastic rainfall error model SREM2D to correct SM2RAIN and 

to improve its performance in hydrologic applications is investigated. The use of SREM2D 

for characterizing the error in precipitation by SM2RAIN would be highly useful for the 



merging and the integration steps in its algorithm, i.e., the merging of multiple soil moisture 

derived products (e.g., SMAP, SMOS, ASCAT) and the integration of soil moisture derived 

and state of the art satellite precipitation products (e.g., GPM IMERG). 



Abstract – IPWG 2016 

Developments within the TAMSAT Group for long-term rainfall monitoring and 
assessment across Africa 

Lead author: Ross Maidment (TAMSAT Group, University of Reading) 

The African rainfall climate is highly variable, both spatially and temporally. Given that most 
African societies are poorly equipped to manage unexpected changes in rainfall amount, it is 
important for the relevant authorities to have access to both reliable historic and near-real 
time rainfall data to assist in (1) drought and flood monitoring across the continent and (2) 
analysis of long-term changes in rainfall. Since gauge records alone are too sparse and 
inconsistent over time across many parts of Africa, satellite-based records are the only 
viable alternative, especially in regions with little or no gauges. The longevity of the Meteosat 
programme, commencing in the late 1970s and running to the present day, thus provides 
over 30 years of continually updated satellite records for monitoring the current climate and 
assessing long-term changes in rainfall.  

The TAMSAT Group, who have provided Africa-wide rainfall estimates since the 1980s 
based on Meteosat thermal infra-red imagery, are continually striving to improve the skill and 
usability of the rainfall products they create. The current dekadal (10-day total) rainfall 
estimates are disseminated through several streams, including GEONETCast. In this talk, 
we will present the latest developments to existing TAMSAT products, as well as new 
research-level products. In particular, we will showcase the latest Africa-wide recalibration 
efforts to TAMSAT’s primary rainfall dataset that greatly minimise deficiencies associated 
with this dataset. Given the advantage of utilising as many observations as possible and the 
need for estimates of uncertainty, we will also present a novel method that merges 
contemporaneous gauge records with satellite data while creating an estimate of the 
uncertainty in rainfall amount. These developments in TAMSAT are essential for improving 
climate services across Africa, thereby increasing resilience to hydrological related disasters. 
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In mountainous region , like Japan or the Himalayas, landslides are an important source of damage and fatalities. 

Worldwide, non-seismic landslides, that are usually induced by heavy rain, represent at least several thousands of death per 

years The frequency of landsliding correlates with the occurrence of extreme rainfall events In the context of climate 

changes and increased frequency of extreme events, hazard related to rain triggered landslides are likely to rise. Still, how 

precipitation drives landsliding is poorly understood. 

The physics  principles behind rain induced landslides  are well understood : water infiltration leads to an increase 

in soil or regolith pore pressure that effectively decrease the normal load and the frictional resisting forces. On this basis 

physical models coupling hydrologic description of the ground to a slope stability criteria have tried to address how rainfall 

intensity, I, duration, D, and total amount, R, will translate into landslide events. However, this kind of mechanistic models 

requires detailed information on  terrain and soil properties which are often not available and  in practice simulation results 

can be disappointing when compared to landslide maps. Currently, mechanistic models are valuable but still impractical to 

constrain the quantitative links between rainfall and landslides , especially in poorly observed areas . 

Data driven studies have mostly focused on using precise information on individual landslide location and timing to 

delineate rainfall thresholds, at which landslide would initiate. Such approach may be useful for hazard zonation, or for 

early warning system but is limited on several aspects, and  very few studies have tried to understand how landslide 

characteristics were affected by the rainfall characteristics. Some key questions remain unanswered : What is the scaling 

relations between total landslide volume and total rainfall? Does it vary regionally and how ? Do rainfall characteristics 

influence the frequency-size distribution of triggered landslides? If yes, which type of rainfall events produce the largest 

landslide event, and how frequent are they ? 

In order to address these questions and investigate how satellite information (GPM constellation based rainfall and 

Sentinel 2 high resolution images fro land slides)  can provide a better understanding on rain induced landslides worldwide, 

CNES id funding a new project called   STREAM-LINE GLIDERS  ( SaTellite-based Rainfall Measurement and LandslIde 

detectioN for  Global LandslIDE-Rainfall Scaling).  We will present the objectives of this project and discuss the  

challenges it opens for highly spatially resolved and accurate rainfall measurements. 
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Precip itation estimation and evaluation o f its distribution are key elements in hydrological applications, water 

management and for improving flood or droughts monitoring. Satellite -based techniques have allowed precipitation 

estimation on a global scale (including remote areas and oceans) with good temporal coverage. Thanks to the improving 

quality of passive microwave (PMW) measurements, the refinement of precipitation retrieval techniques, and the 

increasing number of microwave radiometers on board LEO s atellites orbiting around the Earth, ensuring 3-hourly 

coverage over 80% of the g lobe the advent of the Global Precip itation Measurement (GPM) mission, it is now possible 

to achieve good accuracy of global precipitation.  

In this study we analyze the potentials and limitations of daily precipitation products obtained by combining PMW 

observations available from cross -track and conical scanning radiometers in the GPM constellation. Two PMW 

precipitation retrieval algorithms are used in this study: the Cloud Dynamics and Radiat ion Database algorithm  

(CDRD), a physically based Bayesian algorithm developed for the conically scanning radiometers DMSP SSMIS and 

GCOM-W 1 AMSR-2, and the Passive  microwave  Neural  network  Precip itation  Retrieval  (PNPR)  algorithm 

developed for the cross-track  scanning  radiometers  NOAA  and  MetOpA/B  AMSU-A/MHS, and NPP Suomi ATMS. 

The algorithms, optimized for the European and the African region, are used operationally with in the EUMETSAT H-

SAF program for applications over the MSG full disk area.  

Microwave-only gridded data are produced by means of bilinear interpolation of the orbital instantaneous precipitation 

retrievals from each algorithm. We will show the analysis of surface precip itation at 0.25° x 0.25° resolution for the 

period 2011-2014 at daily temporal scale obtained by merging retrievals from different rad iometers. Quantitative 

comparisons with global gridded dataset of daily  precip itation (single and multip le satellites products, and raingauge 

datasets) will be shown. Over Africa and Europe the analysis is carried out using GPCC (Full Data Daily  Version 1) 

global dataset as reference. Results show correlat ion coefficients comparable with those obtained from the TRMM 

3B42RT product (higher over Europe). CDRD-PNPR combined product tends to have a positive bias, mostly in the 

tropical reg ion, while 3B42RT shows a negative bias.  A detailed study over Italy has been also carried out to analyze 

the potential of combining the CDRD and PNPR products with SM2RAIN daily precipitation estimate derived from 

MW-based soil moisture products. The study has been carried out using the national rain  gauge network as reference 

over the three year period 2012-2014. Results show that both SM2RAIN and CDRD-PNPR rainfall products are as 

accurate as state-of-the-art products. The CDRD-PNPR merged product shows sensitivity to the number and temporal 

distribution of SSMIS and AMSU/MHS overpasses throughout the day, and evidences worse results along the coast, 

while SM2RAIN shows criticalities mostly related to soil moisture retrieval feasibility. The limitations of the two 

approaches are compensated in the integrated product with improved quantification of the ground accumulated rainfall 

(thanks to SM2RAIN) and of high intensity rainfall during wet conditions (thanks to CDRD-PNPR merged product).  

The merged SM2RAIN-CDRD-PNPR product shows the best results in terms  of correlation (R=0.71), accuracy 

(RMSE=6.62 mm/day), and rainfall detection capability (POD=0.75, FAR=0.34, TS=0.54 for 1 mm rainfall threshold).  
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In the last decades, thanks to the combined use of microwave and infrared sensors, the quality 

of satellite precipitation estimates has significantly increased. This multi-sensor approach has 

a produced a number of different satellite precipitation products which act on the same type 

of sensors and either use techniques that generate calibration curves to map infrared (IR) 

radiances to passive microwave (PMW) retrievals (generally termed “blended” 

algorithms) or morph the more direct PMW rainfall using IR measurements (generally 

termed “morphing” algorithms). Despite these advancements in the retrieval skills the 

reliability of satellite precipitation estimates in many regions of the world is still not clear 

because existing validations studies have been carried out only in regions characterized by 

high density and quality of ground based rainfall observations (e.g. rain gage and radars). 

Indeed, many studies (Ebert et al. 2007; Sapiano and Arkin, 2009; Tian et al. 2009; 

Stampoulis and Anagnostou, 2012) have tried to investigate the error associated with 

remotely-sensed precipitation products by comparing their estimates with those collected by 

the ground-based observations assuming they represent the zero-error precipitation. However, 

the physical characteristics of precipitation, particularly at finer spatial and temporal 

resolutions, necessitate frequent, systematic and sufficiently dense measurements – 

requirements that are often not met in developing regions. The current networks of surface 

observations are therefore often not sufficient or even inadequate for the quantitat ive 

assessment of the error associated with satellite precipitation estimates. Moreover, despite 

the relatively higher accuracy of precipitation estimates that can be obtained by rain gage, 

they are prone to error (Peterson et al., 1998). It turns out that evaluating the performance 

of different satellite precipitation products with ground based observations is challenging 

because of the scarcity of such observations and of the inherent error contained in their 



estimates.   

Alemohammad (2015) recently applied the Triple Collocation (TC) method (Stoffelen et al. 

1998) to 14 days cumulated precipitation estimates derived from satellite and gauge and radar 

and models in order to retrieve the error and the correlation of each dataset in United States. 

Under the assumptions of uncorrelated error between each product, classical TC takes 

advantage of three collocated data of the same variable and estimates the mean squared error 

of each (recently McColl et al. 2014 have extended the estimation to the correlation) without 

requiring knowledge of the truth. As a result, TC offers a new perspective for the evaluation 

of the performance of satellite precipitation products without performing a classical 

comparison with ground based observations. However, given the lack of independent satellite 

precipitation products, the use of one ground based dataset in addition to a model based one 

in the TC is still required which can be problematic in developing countries. 

Recently, Brocca et al. (2014) developed a method for estimating rainfall from satellite soil 

moisture observations based on the principle that the soil can be treated as a “natural 

raingauge”. In contrast with classical satellite precipitation products, this new bottom-up 

approach attempts to measure rainfall by calculating the difference between two successive 

soil moisture measurements derived from a satellite sensor. In this contest, SM2RAIN offers 

a unique opportunity for applying the TC analysis without using any ground based dataset 

and opens the possibilities for the TC to be applied worldwide without any restriction.  

In this study, TC analysis has been applied to the rainfall estimates from ERA-Interim, 

SM2RAIN applied to ASCAT data, CMORPH and TMPA 3B42RT over the CONtiguous 

United States (CONUS) in the period 2007-2012. By cross-comparing the results 

obtained with a classical assessment with the CPC product (assumed as a proxy of the 

truth at least in United States where it is very accurate) we show that relative ranks in 

terms of correlation obtained by TC (using ERA, SM2RAIN and one satellite 

precipitation product at time) are very close to the ones obtained through CPC. The same 

is not obtained when the two satellite products are used in the same triplet. This confirm 

the added value of soil moisture based rainfall estimates as an independent dataset for 

evaluating the performance of precipitation products worldwide without ground based 

observations. 
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Abstract. A 14-year climatology of Tropical Rainfall Measuring Mission (TRMM) 

collocated multi-sensor signal statistics reveal a distinct land-ocean contrast as 
well as geographical variability of precipitation type (shallow to deep convection), 
intensity, and microphysics.  Microphysics information inferred from the TRMM 

Precipitation Radar (PR), Microwave Imager (TMI), and Visible and Infrared 
Scanner (VIRS) show a distinct land-ocean contrast for shallow and deep 

convective clouds, suggesting continental convective vigor.  Over land, TRMM 
shows higher echo-top heights and larger maximum echoes in deep convection, 
suggesting taller storms and more intense precipitation, as well as larger 

microwave scattering, suggesting the presence of more/larger frozen convective 
hydrometeors. Continental shallow systems consistently shows smaller PR echo 

profiles than those over ocean due to lack of water vapor. This strong land -ocean 
contrast in deep convection is invariant over seasonal and multi-year time-scales 
within tropical microphysics quasi-equilibrium state. 

Consequently, relatively short-term simulations from two global storm-resolving 

(or convection-permitting) atmospheric models can be evaluated in terms of their 
land-ocean statistics using the those composites of TRMM satellite signals via a 
satellite simulator. The models evaluated are the NASA Multi-scale Modeling 

Framework (MMF) and the Non-hydrostatic Icosahedral Cloud Atmospheric 
Model (NICAM). Both simulations can represent convective land-ocean contrasts 

in warm precipitation to some extent. While the MMF and NICAM produced 
similar frequencies of large CAPE between land and ocean, lower-atmospheric 
conditions appear too wet in NICAM and too dry in the MMF, which appears to 

be the key driver in the divergent warm precipitation results between the two 
models.  The dry MMF boundary layer enhanced microwave scattering signals 

over land, suggesting the key role of cloud-base heights on the development of 
continental precipitation microphysics. Only NICAM had an enhanced deep 
convection frequency over land suggesting the importance of mesoscale 

dynamics induced by land-surface heterogeneity. 
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Accurate scattering models for ice particles at millimetre and sub-millimetre wavelengths are 

important for remote sensing of cloud properties such as ice water content. Here the scattering 

properties of spherical and non-spherical cloud ice particles are calculated using two different 

approximations: the Rayleigh-Gans approximation (RGA) and the discrete dipole 

approximation (DDA). Employing Mie theory it is shown that RGA is accurate for spherical 

particles of low density. However for particles with a large volume fraction of ice, RGA can 

underestimate the backscatter by almost 100% for size distributions of particles greater than 

1mm in radius. DDA is used to obtain more accurate scattering results for dense particles. This 

approximation is examined in order to determine the most important physics that is missing 

from RGA, and potential methods of implementing this into the RGA at low computational cost 

are explored. 
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New opportunities in development of cloud and precipitation parameterizations or satellite

retrievals to improve understanding of small scale cloud and precipitation macrophysics can

only be fully exploited if corresponding detailed observations become available. HALO as a

flying  supersite  combines  active  and  passive  sensors  over  a  wide  spectral  range  not

available  on  any  current  satellite  and  without  their  inherent  resolution  and  sampling

problems. 

Within this contribution, we will present the ideas, concept, and first observations of the

campaigns  NARVAL  II  (Next  Airborne  Remote  sensing  VALidation  study)  over  the

subtropical  Atlantic  East  of  Barbados  and  NAWDEX  (North  Atlantic  Waveguide  and

Downstream  impact  EXperiment)  both  held  in  summer/autumn  2016  with  the  HALO

aircraft. Thereby, special focus will be put on flights where underpasses of the GPM core,

CloudSat, and Megatrophic satellite have been performed. 



Rainfall monitoring using a regional X -band radar network

Presenter: Samantha MELANI 

Address: IT-50019, Sesto Fiorentino (FI) 

Country: Italia 

Email: melani@lamma.rete.toscana.it 

Authors: Samantha Melani (1,2), Andrea Antonini (2), Alessandro Mazza (1,2), Stefano 

Romanelli (2), Manuela Corongiu (2), Alberto Ortolani (1,2) 

Affiliations: (1) CNR-IBIMET (2) LaMMA Consortium 

Weather radar systems allow the observation of precipitation system patterns highlight ing 

their structure and space-time development. X-band radar systems offer implementat ion 

solutions with reduced costs for both installation and maintenance issues compared to the 

more common C- and S-band radar systems. Their usefulness in monitoring and assessing 

the dynamics of precipitating systems have been widely proved, as their reliable use in 

operational weather nowcasting systems.  

Conventional (S- and C-band) weather radars still offer better performances and higher 

measurements accuracies as compared to X-band systems. Conversely, these latter can 

provide much higher resolutions although with reduced spatial domains; they also allow using 

very reliable technologies, compact size with virtually no impact on landscape and simplic ity 

of installation. LaMMA Consortium, as the regional meteorological service of Tuscany, has 

recently implemented an X-band weather radar network that partially overlaps and completes 

the Italian national one over the high Tyrrhenian area. Three radar systems have been installed, 

specifically in the Elba Island, Livorno harbour and Castiglione della Pescaia (near Grosseto), 

covering most of the Tuscany coasts. 

The results of the observing system implementation will be presented. As the radar systems 

are not coherent, a special effort was made to remove the clutter signal due to not weather 

fixed echoes in the radar scans. Moreover, the radar proximity to the sea introduces additiona l 

clutter disturbances. To these issues, different algorithms were implemented for sea and land 

clutter removal, respectively. A non-conventional 3D geolocation and a mosaic algorithm 

were also implemented as a significant part of the process for the assessment of radar quality 

and performances. 

Finally, a preliminary evaluation of the monitoring products was made analyzing different 

case studies in order to investigate radar behavior under different precipitation regimes and 

seasonality. 
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The great importance of Mesoscale Convective Systems (MCSs) is due to their direct 

impact on human life and property. They produce severe weather conditions such as heavy 

rain, hail, strong winds, tornadoes, lightning, and flooding that can significantly impact 

human activities. 

In the context of HSAF project, PR-OBS6 is a multisensory a lgorithm based on the 

rapid-update technique dedicated to convective precipitation. The individuation of 

convective areas and their analysis is demanded to NEFODINA a software of Italian 

Meteorological Service.  

The paper shows the results of a Visiting Sc ientist activity performed at COMet by Tor 

Vergata University of Rome with the aim to improve NEFODINA. 

In particular this activity has explored the use of several SEVIRI channels for the 

development of a detector which could be used easily on different regions. The use of a 

numerical model has been introduced as ancillary data to reduce the number of false alarms. 

An object oriented approach has been followed in order to have a very general algorithm 

ready for the porting on the full disk (PR-OBS-6B product). 

The state of the art of the modern technologies has been applied to the software in order to 

reduce the computational time; for example, all the information extracted from the satellite 

data has been stored in a MYSQL database to be used by the algorithm for tracking the 

convection systems. 
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Multispectral millimeter- and submillimeter-wave observations bear the potential to 

measure properties of non-thin ice clouds like mass content and mean particle size. The next 

generation of European meteorological satellites, the MetOp-SG series, will carry the first 
satellite-borne submillimeter sounder, the Ice Cloud Imager (ICI). An airborne 

demonstrator, the International SubMillimetre Airborne Radiometer (ISMAR), is operated 

together with other remote sensing instruments and in-situ probes on the FAAM aircraft. 
Scientific measurements from three campaings in the North Atlantic region are available so 

far. 

Both instruments, ICI and ISMAR, are/will be equipped with dual polarization sensors for 

the window channels at 243 and 664 GHz making them sensitive to shape and orientation of 
ice particles. Fisrt, we study expected polarization effects using state-of-the-art radiative 

transfer modeling applied on typical atmospheric scenarios predicted by NWP models. 

Based on the findings, we analyze polarization signals observed during the ISMAR 
campaigns. 
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A passive microwave-based snowfall rate (SFR) product has been produced operationally at the US 
National Oceanic and Atmospheric Administration since 2012. The product utilizes measurements 
from Advance Technology Microwave Sounder (ATMS) aboard S-NPP and from Advanced 
Microwave Sounding Unit (AMSU) and Microwave Humidity Sounder (MHS) pair aboard four 
NOAA and EUMETSAT polar-orbiting satellites. The algorithm includes two main components: 
snowfall detection and snowfall rate estimation. Both components rely on the high frequencies at and 
above 88/89 GHz due to their sensitivity to solid precipitation. The former takes a statistical 
approach and employs principal component analysis and logistic regression model (Kongoli et al., 
2015). In addition, a set of NWP model based filters is also applied to improve the accuracy of 
snowfall detection. The snowfall rate component is a physical algorithm that retrieves cloud 
properties following a variational method (Yan et al., 2008). Snowfall rate is further derived based 
on these properties (Meng et al, 2016). The SFR algorithm has benefited greatly from continuous 
development and improvement since it was transitioned to operation. The product has been validated 
extensively against gauge observations and radar snowfall rate estimates with satisfactory results (e.g. 
comparable correlation as passive microwave rain rate products). As mandated by NOAA, the SFR 
product has operational users in a number of fields including weather forecasting and hydrology. 
Product assessment at the US National Weather Service has demonstrated the value of this satellite 
product in filling radar gaps in observation-deprived regions. The SFR product also enables global 
blended precipitation analyses (such as NOAA CMORPH) to include satellite-based winter 
precipitation estimates. Traditionally, such data sets either lack snowfall estimates or rely on other 
data sources (gauge, model, etc.). 

This presentation will include a description of the SFR algorithm and some recent development, 
product validation against ground observations and radar product, and its applications in weather 
forecasting and hydrology. 
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Satellite precipitation products are becoming increasingly useful to complement the sparsely rain 

gauge network in the Amazon basin (AB). Because ground truth is needed for validating precipitation 

estimates obtained from indirect measurements, the rain gauge network (206 rain gauges) used in this 

study has been constructed using daily data from the meteorological institutions of the Amazonian 

countries.  

In this work, the evaluated satellite precipitation product is the Tropical Rainfall Measuring Mission 

(TRMM) 3B42 V7, also at daily scale, between 1998 and 2013. A point to pixel approach is 

performed.  

While the repeatability of precipitation patterns in the Amazon basin have already been assessed, this 

study focuses especially on the capacity of this estimation product to reproduce the seasonal cycles of 

precipitation. The AB presents a variety of regime precipitation and a great contrast between the 

highland of Andean Mountain and the lowland of the rest of the basin. It is already known that the 

quality of the estimations of precipitation is lower in mountainous regions. Then, in order to assess 

how the estimation product reproduces the seasonal cycle depending on the diversity of regime 

precipitation and the diversity of geographical characteristics (elevation and exposition of the slope), 

the comparison between rain gauges and TRMM data, using a statistical description, is computed at 

regionally scale. Afterwards, for each region the results of statistic tools are correlated with these 

geographical characteristics.  

TRMM 3b42 v7 quantitative and categorical statistics give globally a reasonable outcome except in 

some location in the north the Andes of  the Bolivian Andes. A particular attention is being paid to 

these locations with the worst results to develop some understanding of why the errors are bigger than 

in other locations. 
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Recent work using CloudSat spaceborne radar observations and data products has 

produced the first observationally-based near global census of snowfall produced by 

shallow cumuliform cloud structures.  Examples of shallow cumuliform snowfall 

include lake- induced convective snow produced by air/water interactions associated 

with seasonal cold air outbreaks.  Snowfall occurrence and snowfall rate estimates 

from Cloudsat 2C-SNOW-PROFILE products, combined with cloud feature 

classifications from CloudSat 2B-CLDCLASS products, are utilized to partition the 

CloudSat snowfall database into distinctive snowfall modes and illustrate regions 

around the globe that receive a significant fraction of annual snowfall (from both a 

frequency of occurrence and estimated accumulation perspective) fro m shallow 

cumuliform snowfall. As expected, numerous distinct regions prone to frequent cold air 

outbreaks interacting with unfrozen ocean surfaces commonly experience shallow 

cumuliform snowfall (e.g., North Atlantic and Pacific Oceans and mid- latitude Southern 

Ocean and other large contiguous bodies of oceanic water such as the Kara Sea and Sea 

of Japan).  Preliminary results from a follow-on study using the multi-year CloudSat 

snowfall dataset will be presented to highlight seasonal and interannual trends 

associated with shallow cumuliform snow.  Strong oceanic shallow cumuliform 

snowfall seasonal variability exists in the Northern Hemisphere, albeit associated with 

significant regional interannual variability.  The CloudSat snowfall database also 

reveals prevalent seasonal shallow cumuliform snowfall trends over climate sensitive 

regions like the Greenland Ice Sheet.  Southern Hemispheric shallow convective 

snowfall trends indicate far less seasonal and regional variability, although interesting 

patterns are observed near the Antarctic Peninsula and other areas near Antarctica. 

Linkages between the CloudSat shallow cumuliform snowfall analysis to model 

evaluation activities will also be presented.   



How well we can measure falling snow; utilizing ground-based measurements to validate, verify and 

improve satellite retrievals 

Presenter: Dmitri Moisseev 

Address: Department of Physics, University of Helsinki, Helsinki, Finland 

Email: dmitri.moisseev@helsinki.fi 

Authors: Dmitri Moisseev (1,2), Annakaisa von Lerber (2), Davide Ori (1,3), Jussi Tiira (1) and Walt Petersen 

(4) 

Affiliations: (1) University of Helsinki (2) Finnish Meteorological Institute (3) University of Bologna (4) 

NASA-MSFC Earth Science Office, Huntsville, AL 

Radar-based retrievals of snow microphysics rely on a number of assumptions about microphysical properties 

of snow, i.e. shape and mass of snowflakes, and about their connection to scattering properties of ice particles. 

Validation of these assumptions is a challenging task and often is limited by the lack of coinciding remote 

sensing and snow microphysics measurements and associated retrievals. To address this gap, a snow 

measurement site at the University of Helsinki measurement station in Hyytiälä Finland was established in 

collaboration with FMI and NASA GPM GV program. At the site a comprehensive suite of precipitation ground 

instruments is collocated with remote sensors, such as multi -frequency radars and lidars. The nearest FMI 

weather radar located 64 km west of the site performs RHI scans over site every 15 min and volume scans 

every 5 min. 

To link multi-frequency radar observations to snow microphysics retrievals of physical properties of 

snowflakes, namely mass-dimensional relations, terminal velocity- diameter and shapes and fall velocity are 

carried out. To insure that the retrievals are meaningful different methods utilizing d ifferent sets of 

instruments are applied for the retrievals. The retrieved m(D) and Z(S) relations are used to perform the 

following studies: 

 Direct validation of the GPM snowfall QPE. This is carried out by applying retrieved Z(S)

relations to the FMI radar observations and comparing those to the GPM retrievals.

 Investigating the connection between multi -frequency radar observations and

microphysical properties of falling snow. Given retrieved m(D) relations, sensitivity of the

radar retrievals to assumed particle scattering properties is established by comparing

computed and measured reflectivity values at X/Ka/W-bands.

 As a part of the study it was found that quantitative snowfall estimation can be greatly

improved by utilizing dual-frequency radar observations, i.e. at X and Ka-bands.

 It was also found that knowledge of degree of riming is of secondary importance for radar-

based microphysical retrievals. This was quantified by deriving rime mass fraction from

surface precipitation observations.
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The focus of our study is on documenting winter precipitation microphysical processes and investigating a 

connection between microphysical properties of snow and multi-parameter radar observations. The power-law 

Z = aSb is widely used to convert radar observations to snowfall rate (e.g. Marshall and Gunn 1952, Sekhon and 

Srivastava 1970, Rasmussen et al. 2003, Huang et al. 2015), albeit coefficients of this relation vary. As it was 

stated by Rasmussen et al. 2003: “it is not possible to specify one Z-S relationship that will work for every winter 

storm”. So an algorithm for an adaptive selection of the Z-S coefficients is needed. The pre-factor a and the 
exponent b depend on physical properties of the hydrometeors and the particle size distributions. 

In this study we investigate what microphysical properties of snow affect the Z-S - relation. As snow 

characteristics within storm vary on temporal scale of minutes, our interest has been on gathering data set of 

particle fall velocities, shape and size parameters and particle size distributions (PSDs) in sufficient short time 

intervals to capture the changes. Our main instrument has been the video imaging disdrometer, Particle Imaging 

Package (PIP), which we have utilized for studying the snowfall events during BAECC SNEX 2014 campaign and 

following winter 2014-2015. To retrieve mass – dimensional relations for observed ice particles the general 

hydrodynamic theory was applied (Böhm, 1989, Szyrmer and Zawadzki 2010, Huang et al. 2015). To ensure 

minute-scale changes in retrieved m-D properties are meaningful, we have verified our results by comparing the 

calculated liquid equivalent accumulation with weighing gauge observations and estimated snow volume with 

laser measured snow depth, and found good agreement. Using the observed and retrieved snow microphysical 

properties Z-S relations were calculated and their dependence on PSD and m-D parameters was investigated.  

The exponent of Z-S relation mainly depends on the exponent of the m-D relation, while pre-factor depends both 

on the intercept parameter of PSD and pre-factor of the m-D relation. It is found that the pre-factor of the m-D 
relation reacts the most to the changes in snow growth process, i.e. transition from crystal growth to aggregation. 

Using data from 14 events, Z-S relations were calculated and applied to the Finnish Meteorological Institute (FMI) 

Ikaalinen radar observations, which is located 64 km west of our measurement site. The retrieved snow 

accumulations were compared to FMI gauges and a generally good agreement was found. For these events the 

pre-factor of the Z-S relation was varying between 52 and 768 and the exponent was in the range 1.19-1.64. The 

climatological currently used relation in FMI is Z = 100 S2, where the pre-factor is within the range of the retrieved 

values, but exponent b is clearly higher than our derived values.  
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The Global Precipitation Measurement (GPM) core satellite is intended to serve as a 

reference for passive microwave satellite precipitation estimates via combination of the 

GPM Microwave Imager (GMI) and Dual-frequency Precipitation Radar (DPR) to 

produce a database of precipitation profiles to be used in Bayesian retrievals. However, 

the minimum detectable DPR reflectivity corresponds to a precipitation rate of 0.2-0.5 

mm/hr (depending on DPR mode and raindrop size distribution). Data from CloudSat 

and gauge observations indicate that a substantial fraction (> 10% by volume and > 

50% by occurrence) of precipitation at high latitudes is below the detection threshold of 

DPR. Therefore, it is desirable to devise techniques to retrieve light precipitation from 

GMI observations alone. 

We demonstrate through radiative transfer calculations that readily detectable brightness 

temperature emission and scattering signals of as much as 30K can be produced by 

non-DPR detected precipitation in some of the GMI channels, which are readily 

discernable from a non-precipitating atmosphere. These findings are corroborated by an 

analysis of brightness temperatures in CloudSat-GPM intersections where CloudSat 

detects precipitation, but DPR does not. With this basis, we have developed an optimal 

estimation technique to retrieve total liquid water and ice water path from GMI 

observations over water surfaces. Since there is little information about the vertical 

profile of precipitation in the GMI observations, CloudSat-derived statistics are used to 

convert the path-integrated quantities to surface precipitation rates. The results are 

evaluated by direct comparison to coincident CloudSat observations and the Global 

Precipitation Climatology Project (GPCP). 
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The GPM Microwave Imager (GMI) is the first conically-scanning passive microwave 

radiometer to measure polarized radiation at 166 GHz from space. At this frequency, the 

atmosphere is essentially opaque to the surface when column water vapor exceeds 

20mm. Thus, observations of polarized radiation in these environments must be induced 

by preferentially-oriented non-spherical particles in the atmosphere. The observational 

record from GMI reveals that polarization at 166 GHz is ubiquitous in precipitation that 

contains an ice phase, with polarization differences exceeding 10 K in tropical and 

mid-latitude stratiform rain associated with mesoscale convective systems. Even larger 

polarization differences (up to and, in rare cases, exceeding 20K), can be found in 

frontal stratiform rainfall and tropical cyclones undergoing extratropical transition. 

To further investigate these observations, Ku- and Ka-band reflectivity profiles from 

DPR are matched to GMI observations that meet the above column water vapor and 

polarization criteria. A fully-polarized Monte Carlo radiative transfer model which is 

capable of simulating both passive and active measurements is used to optimize the 

profiles of ice particle size distribution using ellipsoidal (T-Matrix) and discrete dipole 

approximations of pristine and aggregate snowflakes. We also demonstrate how these 

results may be used to optimize plane-parallel, two-stream radiative transfer models that 

are used in the GPM Combined Algorithm so that it can take advantage of the 

polarization information observed by GMI. 
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ABSTRACT 

Rainfall is an important element to agriculture, health, disaster risk reduction and water resource 

management including hydro-power production in Zambia. However, the number of ground rainfall 

observing stations is limited and unevenly spread and do not always give adequate spatial 

representation of rainfall. Moreover, the quality of the data is poor and the gaps have been increasing 

due to limited and diminishing investments in creating new stations and maintenance of existing 

stations especially rainfall stations. This has hindered the NMHS from producing decision-rele vant 

climate information and has also reduced the availability and access of such information to the users 

in places such as rural Zambia where the majority of the population dependent on rain-fed agriculture 

reside.  

This paper is meant to demonstrate how satellite rainfall estimates can be combined with station rain 

gauge observations to produce a dataset that alleviates issues of temporal and spatial data gaps in 

rainfall records and improve the availability of and access to better quality rainfall data. About thirty 

rainfall stations from all over Zambia and the University of Reading TAMASAT (Tropical 

Applications of Meteorology using SATellite data) satellite rainfall estimate have been merged to 

produce over 30 years of high-quality rainfall time series at 10-daily temporal resolution with a 

0.0375˚x 0.0375˚ latitude/longitude spatial resolution.  The generated datasets have been used to create 

different climate information predicts, which have been made available to the public through the Met 

Services webpage. 
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Himawari-8, the third generation of JMA's operational geostationary satellite, was launched 

on 7 October 2014 and started its operational measurement on 7 July 2015. The Advanced 

Himawari Imager (AHI) onboard Himawari-8 significantly enhanced measurement 

capability. It has 16 spectral bands, spatial resolution of 0.5 or 1 km for visible and 

near-infrared bands and 2 km for infrared bands, and rapid scanning system taking full disk 

image for 10 min. This generated higher-quality products, such as atmospheric motion 

vector, clear sky radiance and aerosol optical thickness, resulting in better numerical 

weather prediction and Asian dust forecast. Current status and plans of Himawari, product 

development and application such as assimilation will be presented in the workshop. 
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Space-based precipitation radar data have been underused in data assimilation despite their 

valuable information on vertically resolved hydrometeor profiles around the globe. We 

assimilated reflectivity factor (Ze) from the GPM-Core/DPR using an ensemble-based 

variational method and cloud resolving model to improve meso-scale predictions. Based on 

careful comparison between Ze observations and simulations, we developed quality control 

procedures such as removing Ze above the melting layer to avoid contamination of 

systematic overestimation of model snow. We examined how DPR reflectivities, together 

with GMI radiances, worked in the assimilation system for Typhoon Halong case in July 

2014. While the GMI radiance had large impacts on various analysis variables, the DPR 

made a fine delicate analysis of the rain mixing ratio and updraft. This difference arose 

from the observation characteristics (coverage width and spatial resolution), sensitivities 

represented in the observation operators, and structures of the background error covariance. 

We found that the combined use of DPR and GMI generated more accurate analysis and 

forecast than separate use of them with respect to the agreement of observations and 

tropical cyclone position errors. 
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The core satellite of Global Precipitation Measurement (GPM) project, the successor 

to the Tropical Rainfall Measuring Mission (TRMM), had successfully launched on 

February 28th 2014, and it is released with the newly produced GPM data together with 

the international constellation of research and operational satellites. In order to improve 

rainfall intensity (RI) of Communication, Ocean and Meteorological Satellite (COMS), 

the reference Passive Microwave (PMW) Precipitation products are changed from 

SSMIS rainfall itself to GPM GPROF rainfall. And this algorithm uses simple 

relationship between precipitation from PMW and COMS IR brightness temperature 

(TB). In order to make a Look-up table between COMS IR and GPROF rainrates, the 

probability matching method is applied. COMS RI are varied with GPROF product, for 

example, when GMI precipitation is used, COMS RI seems strong than other sensors, 

and COMS IR from sounding sensors such as MetOP, NOAA shows relative low 

rainrate than imager sensors. Finally, it seems that new COMS IR have good correlation 

with ground measurement over the Korean peninsula. This COMS RI will be used in 

operational product. 
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Global Precipitation Measurement (GPM) Mission Level-1 (L1) science requirements 

stipulate that the GPM Core satellite shall provide: a) the ability to quantify rainfall rates from 

0.22 mm h-1 to 110 mm h-1 (60 mm h-1 for microwave imager) and also demonstrate the ability 

to detect falling snow at instrument footprint scales; b) estimate instantaneous rainfall rates 

at 50 km scales with a bias and random error not to exceed 50 % (25%) for rain rates of 1 mm 

h-1 (10 mm h-1); and, c) in concert with rainfall measurement requirements, estimate the mass-

weighted mean diameter of the rain drop size distribution to within +/- 0 0.5 mm of ground-

validation (GV) estimates.   

In this presentation we will integrate the GV science framework, instruments, datasets, 

and methodology for establishing L1-performance of relevant and version-evolving 

GPM Core satellite precipitation products.  L1 requirements analysis and evaluations 

are based on comparisons between GPM Level-2 data products and GV research and 

operational datasets, to include rain rate, precipitation size distribution, and snowfall 

data derived/diagnosed from combinations of multi-parameter radar, disdrometer and 

rain gauge networks over multiple spatial scales.  In this context, we demonstrate that 

the GPM mission and specific subsets of its products are meeting L1 requirements- 

though there is room for improvement as far as establishing and refining the 

convergence between ground and satellite measurements is concerned.  Particularly 

notable in the L1 analysis is the “maturity” of GPM radar-based algorithms that have 

clearly evolved in capability from their TRMM heritage to the GPM era. Moving into 



the future, one specific challenge to both GPM precipitation retrieval algorithms and 

GV measurements will be that of not only “detection” of snow, but of reliably 

determining falling-snow water-equivalent rates over a host of different terrain types. 
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Accurate quantitative precipitation estimation over mountainous basins is of great importance because
of their susceptibility to natural hazards such as flash floods, shallow landslides, and debris flows. It is
generally  hard  to  obtain  reliable  precipitation  information  over  complex  areas,  due  to  the  scarce
coverage of ground sensors associated to partial beam blockage and high elevation of the study sites.
Warm-rain processes are characterized by precipitation growth due to collision-coalescence of droplets
in the liquid layer of a cloud. These processes lead to high precipitation rates and have been observed in
several flash flood events in complex terrain. Their characteristics are often difficult to identify.

X-band mobile dual-polarization radars located in complex terrain areas provide fundamental high-
resolution information on raindrop sizes,  shapes,  and particle size distributions (PSDs).  This study
analyzes a dataset collected during the IPHEx field campaign (North Carolina, US) over a mountainous
basin, in which the NOXP X-band dual-polarimetric radar was used along with rain gauges, Parsivel
and 2DVD disdrometers.  Polarimetric  variables are used to generate the Cao-Zhang and Kumjian-
Ryzhkov parameter spaces, which provide clues on the segregation of warm-rain precipitation from
convective and stratiform processes. A new classification algorithm is proposed to identify warm-rain
precipitation by merging the information coming from the polarimetric parameter spaces. The method
is validated with disdrometer PSDs for the classified warm-rain events: they show a clear shift towards
high concentration of small median volume diameter drops compared to the PSD climatology for the
field campaign. Finally, the rainfall rate derived from radar data without the assumption of warm-rain is
found  to  underestimate  the  precipitation  at  the  ground  collected  by  rain  gauges,  suggesting  the
necessity of a correct classification of precipitation and subsequent estimate of rainfall rates.

The proposed next-generation polarimetric classification scheme can be used to identify warm-rain
precipitation over any kind of topographies. Future development of this work will aim at identifying
warm-rain precipitation worldwide making use of the Ka- and Ku-band channels of the Dual-frequency
Polarization Radar on-board the GPM core observatory.
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It is known that  disdrometers perform critically at very high rainfall rates for reasons which are 

different, based as they are on different techniques. Impact disdrometers for simultaneous drops 
hitting the surface of the electromechanical detector, video disdrometers, acoustic disdrometers, 
optical scattering detectors,  MPS (Meteorological Particle Sensors) for their own specific reasons. 

On September 4, 2012 two very high intensity rainfall events were detected in Bologna, with a 
Pludix microwave disdrometer, on the terrace of ISAC Institute, with a tipping bucket rain gauge 

aside. The data from the two instruments are different but while at low RFR the difference is 
minimal, it increases at increasing rain intensity, with  up to 1mm in half hour. 
The discussion of Pludix performance during these high intensity events prompted us to make the 

point on the microwave disdrometers inversion procedures, from the power spectrum to DSD,  and, 
on the other side, to compare Pludix with others disdrometers.  

As for inversion procedures two methods will be recalled, a physical one by dividing the power 
spectrum in 21 frequency bands and a second one based on pattern recognition technique. 
As for comparison with other disdrometers we began by operating  a Campbell,  aside Pludix. The 

Campbell PWS 200 measures forward scattering of four sheets of laser light in horizontal and 
vertical planes as individual particles. Preliminary results of the comparison will be presented. 

Finally a perspective of microwave disdrometers in the light of advances in antenna design and 
microwave module will be given. 
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The Temporal Experiment for Storms and Tropical Systems (TEMPEST) mission 
concept consists of a constellation of 5 identical 6U-Class nanosatellites observing 
at 5 millimeter-wave frequencies with 5-minute temporal sampling to observe the 
time evolution of clouds and their transition to precipitation.  The TEMPEST 
concept is designed to improve the understanding of cloud processes, by providing 
critical information on the time evolution of cloud and precipitation microphysics 
and helping to constrain one of the largest sources of uncertainty in climate models.  
TEMPEST millimeter-wave radiometers are able to make observations in the cloud 
to observe changes as the cloud begins to precipitate or ice accumulates inside the 
storm.  Such a constellation deployed near 400 km altitude and 50°-65° inclination 
is expected to capture more than 3 million observations of precipitation during a 
one-year mission, including over 100,000 deep convective events.   
 
The TEMPEST Technology Demonstration (TEMPEST-D) mission will be 
deployed to raise the TRL of the instrument and key satellite systems as well as to 
demonstrate measurement capabilities required for a constellation of 6U-Class 
nanosatellites to directly observe the temporal development of clouds and study the 
conditions that control their transition from non-precipitating to precipitating 
clouds.  A partnership among Colorado State University (Lead Institution), 
NASA/Caltech Jet Propulsion Laboratory and Blue Canyon Technologies, 
TEMPEST-D will provide observations at five millimeter-wave frequencies from 
89 to 183 GHz using a single compact instrument that is well suited for the 6U-
Class architecture.  The top-level requirements for the 90-day TEMPEST-D 
mission are to: (1) demonstrate precision inter-satellite calibration between 
TEMPEST-D and one other orbiting radiometer (e.g. GPM or MHS) measuring at 
similar frequencies; and (2) demonstrate orbital drag maneuvers to control altitude, 
as verified by GPS, sufficient to achieve relative positioning in a constellation of 
6U-Class nanosatellites.  The TEMPEST-D 6U-Class satellite is planned to be 
delivered in late 2017 for launch to the International Space Station and deployment 
into orbit via Nanoracks during the first half of 2018. 



Improving Bayesian Precipitation Retrievals for GPM with Non-Spherical Ice Particles 

Presenter: Sarah RINGERUD 

Address: NASA GSFC 8800 Greenbelt Rd Greenbelt, MD 20771 
Country: USA 

Email: sarah.e.ringerud@nasa.gov 

Authors: Sarah Ringerud (1), Gail Skofronick Jackson (2), Mark Kulie (3), Dave Randel (4) 
Affiliations: (1) USRA/NASA GSFC (2) NASA GSFC (3) University of Wisconsin-Madison 

 (4) Colorado State University 

NASA’s Global Precipitation Measurement Mission (GPM) provides a wealth of both active 
and passive microwave observations aimed at furthering understanding of global 

precipitation and the hydrologic cycle.  Employing a constellation of passive microwave 

radiometers increases global coverage and sampling (Hou et al. 2014), while the core satellite 
acts as a transfer standard, enabling consistent retrievals across individual constellation 

members.  The transfer standard is applied in the form of a physically based a priori database 

constructed for use in Bayesian retrieval algorithms for each satellite radiometer.  The 
database is constructed using geophysical information and hydrometeor profiles optimized 

for the best fit to simultaneous active/passive GPM core satellite measurements via the GPM 
Combined Algorithm (Grecu et al., in review). 

Initial validation of GPM rainfall products using the combined database suggests retrieval 
errors in particular for convective precipitation over land, as well as issues at high latitudes.  

In both such regimes, the signal from ice scattering observed at the higher microwave 

frequencies becomes particularly important for detecting and retrieving precipitation.  For the 
cross-track sounder constellation members such as MHS and SAPHIR, this signal is crucial.  

In Bayesian retrieval schemes, a successful retrieval depends upon observed states being 
accurately and robustly represented in the database.  It is therefore extremely important that 

the scattering signals associated with precipitation are accurately represented and modeled 

(and therefore associated with the correct brightness temperature (Tb)) in the retrieval 
database.  In the current GPM combined retrieval and constellation databases (version 4), ice 

hydrometeors are represented as “fluffy spheres”, with assumed density and scattering 

parameters calculated using Mie theory for spheres.  Resulting simulated Tb agree reasonably 
well at frequencies up to 89 GHz, but show significant biases compared with observations in 

simulating ice scattering signals at higher frequencies.  In this work the a priori database is 

recreated using an ensemble of non-spherical ice particles following Kulie et al. 2010.  Ice 
water profiles from the combined retrieval are used as a first guess, and adjusted iteratively 

following radiative transfer, for optimal agreement with observed 166 GHz H-pol Tbs.  
Simulated Tb agreement with observations is shown to be significantly improved across the 

high frequencies, decreasing biases by an order of magnitude in several of the channels.  The 

new database is applied for a sample of GPM constellation retrievals and the retrieved 
precipitation rates compared, to demonstrate areas where the use of more complex ice 

particles will have the greatest effect upon the final retrievals.     
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The original implementation of the TAPEER algorithm relies upon the use of the fleet of 
microwave imagers that forms the GPM constellation. Following the loss of the MADRAS 

instrument on board the Megha-Tropiques mission, a new implementation of the algorithm 
has been elaborated that incorporate a readily available rain detection product derived from 

the SAPHIR sounder.  
In this poster we will show the detail of the implementation as well as validation results based 
on West African research surface networks data. The sensitivity of the rainfall estimates to the 

configuration of the double constellation will be shown. In particular the importance of the 
SAPHIR sampling on the daily/1° accumulated estimation is shown. Plan for future works 
will also be discussed. 
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Severe  atmospheric  convection  is  often  associated  with  high  amount  of  rainfall,  strong

winds and hail. However due to its reduced spatial extent and its short temporal duration,

this event is difficult to observe and to forecast in particular in region where ground radars

observations are missing. An alternative is to use spaceborne instruments such as infrared

sensors, radar or passive microwave sounders. In particular, the last generation of passive

microwave sounders appears well adapted to monitor convection worldwide as they cover

the Earth with fair spatial (16 km) and temporal (3-6h) resolutions since the end of the

nineties. Specifically, these instruments rely on the high sensitivity of their water vapour

channels  to  ice  crystals  to  identify  regions  where  convection  occurs.  However  these

instruments do not inform about the microphysics characteristics of the detected convective

structures and they are not always able to discriminate convection and frozen soil.

In order to overcome this issue, in this study, we assess the detection of convection by

passive  microwave  sensors  by  using  coincident  radar  (Cloudsat)  measurements.  In

particular, we identify the regions (e.g.,  frozen soil  area,  mountains) and the conditions

(e.g.,  large  viewing  angles)  where  the  convection  detection  with  passive  microwave

instruments is problematic, then we analyse the microphysics associated with convection

depending of the region and the period of the year.
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Using Tropical Rainfall Measuring Mission (TRMM) observation from storms collocated 

over the oceans surrounding East Asia, during summer, a method of creating physically 

consistent cloud-radiation database to support satellite radiometer retrievals is introduced. In 

this method, vertical profiles of numerical model-simulated cloud and precipitation fields are 

optimized against TRMM radar and radiometer observations using a hybrid Empirical 

Orthogonal Function (EOF)-1-dimensional variational (1dVAR) approach. The optimizat ion 

is based on comparing simulated to observed radar reflectivity profiles and the corresponding 

passive microwave observations at the frequencies of the TRMM Microwave Imager (TMI). 

To minimize the discrepancies between the actual and the synthetic observations, the 

simulated cloud and precipitation profiles are optimized by adjusting the hydrometeors 

contents. To reduce the dimension of hydrometeor content profiles in the optimizat ion, 

multivariate relations among hydrometer species are used. After applying the optimiza t ion 

method to modify the simulated clouds, the optimized cloud-radiation database has a joint 

distribution of reflectivity and associated brightness temperatures that is considerably 

closer to that observed by TRMM Precipitation Radar (PR) and TMI, especially at 85 

GHz. This implies that the EOF-1dVAR approach can generate profiles with realistic 

distributions of frozen hydrometeors such as snow and graupel. This approach may 

similarly be adapted to operate with the variety and capabilities of the passive microwave 

radiometers that compose the Global Precipitation Measurement (GPM) constellat ion. 

Furthermore, it can be extended to other oceanic regions and seasons. 
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Abstract 

 Heavy rainfall ( >10 mm / h) cases over the Korean peninsula were divided into two types; 

cold-type characterized by strong updraft, high cloud top altitude and large amount of ice 

crystal, and warm-type characterized with weak updraft, lower cloud top height, more of liquid 

water (Song and Sohn 2013). On the other hand, Takahashi (2015) divided two cloud regimes 

into tow groups: Graupel Regime vs. Frozen-Drop Regime which show strong contrast graupel 

content and frozen drops. Based on those classifications we classified the heavy rainfall into 

two types (Cold-type vs. Warm-type) using AWS rain gauge data and IMPACT·LDARⅡ 

(Improved Accuracy from Combined Technology·Lightning Detection And Range Ⅱ) data. 

Then UM forecasts on the rainfall over the Korean peninsula were validated against the AWS 

surface rain gauge measurements, but depending on the rain types. In this presentation, we 

found warm type rain forecasts seem to be more difficult, compared to the cold-type 

precipitation. Some of reasons of such different performances are discussed in this paper. 
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In order to assess the available water in Cochabamba metropolitan region, an improveme nt 

of the areal precipitation was performed. This was possible by combining the national rain 

gauge network SENAMHI and GSMaP-Gauge products. At first we have compared at each 

location of SENAMHI stations and sub-basin areas. We focused in the five key sub-basins 

which may provide water for agriculture and drinking purposes in this semi-arid region where 

elevation fluctuates between 2500 and 3500 m.a.s.l. As expected sub-basin areas gave better 

agreement due to integration. Then, we have evaluated at daily and monthly periods. Latter 

depicted more reasonable results since GSMaP-Gauge but still showing underestimation. 

Next, we kept the spatial distribution of GSMaP and applied correcting factors with the 

intensities measured at rain gauges at previous rainy season. The combined product showed 

about 20% improvement at assessed rainy season. This product was used as input to the 

hydrological model obtaining the river discharge variability. We found out that the amount 

water per capita should be enough, but adduction, distribution and overall management 

should be improved to fulfil the demand.  
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     A new satellite-based rainfall dataset, the Climate Hazards Group Infrared Precipitation with 

Station data (CHIRPS), is evaluated against gauge observations over Iran for a 10-year period from 

2005 to 2014 inclusive and during wintertime (i.e. December, January, and February). To our 

knowledge, the CHIRPS rainfall product has not been previously evaluated against independent rain-

gauge observations over Iran. Comparisons are presented using Pearson’s correlation coefficient 

values for monthly precipitation from 68 stations distributed across Iran. The analysis was performed 

for different rainfall categories during winter season and for regions with different elevations. 

   Results show strong correlations between CHIRPS rainfall estimates and ground-based 

observations, although an overestimation of the CHIRPS rainfall data has been noted during the 

winters of the last decade. Overall, CHIRPS is found to overestimate lower and underestimate 

higher rainfall values. The wintertime correlation coefficient values are quite high. In about 90% of 

the stations the value is statistically significant with the highest values over the mountainous areas. 

However, in the stations that are located in coastal zones, rain-gauge data seem to correlate less with 

CHIRPS likely due to different kinds of weather systems as well as the high value of relative 

humidity and cloudiness in these areas. 
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Spaceborne microwave cross-track scanning radiometers, originally developed for temperature and humidity sounding, 

have shown great capabilities to provide a significant contribution in precipitation monitoring both in terms of 

measurement quality and spatial/temporal coverage. The Passive microwave Neural network Precipitation Retrieval 

(PNPR) algorithm for cross-track scanning radiometers, originally developed for the Advanced Microwave Sounding 

Unit/Microwave Humidity Sounder (AMSU-A/MHS) radiometers (on board the European MetOp and U.S. NOAA 

satellites), has been recently newly designed to exploit the Advanced Technology Microwave Sounder (ATMS) on 

board the Suomi-NPP satellite and the future JPSS satellites. 

This algorithm for ATMS (PNPR v2) represents an evolution of the previous version for AMSU/MHS (PNPR v1) with 

improvements aimed at exploiting the new precipitation sensing capabilities of ATMS with respect to AMSU/MHS. In 

the design of the neural network the new ATMS channels and their combinations, including the brightness temperature 

differences in the water vapor absorption band at 183 GHz are considered . As opposed to other ANN precipitation 

retrieval algorithms, PNPR uses a unique ANN that retrieves the s urface precipitation rate for all types of surface 

backgrounds represented in the training database, i.e., land (vegetated or arid), ocean, snow/ice or coast. This approach 

prevents different precipitation estimates from being inconsistent with one another when an observed precipitation 

system extends over two or more types of surfaces. The ANN is trained using a large database based on cloud-resolving 

model simulations over the European and the African areas. The PNPR algorithm outputs consist of both the surface 

precipitation rate (along with the information on precipitation phase: liquid, mixed, solid) and a pixel-based quality 

index.  

We will illustrate the main features of the PNPR algorithm and will show results of a verification study over Europe and 

Africa carried out to evaluate the performance of PNPR v2 through an intercomparison of the instantaneous 

precipitation estimates with co-located estimates from the TRMM Precipitation Radar (TRMM-PR) and from the GPM 

Core Observatory Ku-band Precipitation Radar (GPM-KuPR). In the comparison with TRMM-PR, over the African 

area, the statistical analysis was carried out for a two-year (2013-2014) dataset of coincident observations. The results 

have shown a good agreement between PNPR v2 and TRMM-PR for the different surface types, with correlation 

coefficient (CC) equal to 0.69 over ocean and 0.71 over vegetated land,  and RMSE equal to 1.30 mm h-1
 

over ocean  

1.11 mm h-1 over vegetated land. The results showed a slight tendency to underestimate moderate to high precipitation, 

mostly over land, and overestimate moderate to light precipitation over ocean.  PNPR v2 shows better performance than 

PNPR v1 thanks to improvements in the design of the neural network and to the improved capabilities of ATMS 

compared to AMSU/MHS. Both versions of PNPR algorithm have shown a general consistency with the TRMM -PR. 

Similar results were obtained for the comparison with GPM-KuPR over the European area (15 months, from March 

2014 to May 2015 of coincident overpasses) with slightly lower CC (0.59 over vegetated land and 0.57 over ocean) and 

RMSE (0.82 mm h-1 over vegetated land and 0.71 mm h -1 
over ocean).  

PNPR is developed within the EUMETSAT H-SAF program (Satellite Application Facility for Operational Hydrology 

and Water Management), where it is used operationally towards the full exploitation of all cross -track scanning 

radiometers in the GPM constellation. The algorithm will be tailored to the future European Microwave Sounder 

(MWS) onboard the MetOp-Second Generation (MetOp-SG) satellites. 
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The GPCC collects daily and monthly in-situ precipitation measurements to produce gridded 

analyses. It was established in 1989 and is operated since then by Deutscher Wetterdienst 

(DWD). The GPCC is a component of the Global Precipitation Climatology Project (GPCP) and 

contributes to the Global Climate Observing System (GCOS) and to the Global Energy and 

Water Cycle Exchanges Project (GEWEX). 

Data supplies from national meteorological and hydrological services are the backbone of 

GPCC’s data base. In addition, global as well as regional data collections are integrated, e.g. of 

the Global Historical Climatology Network (GHCN), Food and Agriculture Organization (FAO), 

Climate Research Unit of the University of East Anglia (CRU) or the European Climate 

Assessment and Dataset (ECA&D). The basis for near-real time products consists of the 

SYNOP and CLIMAT reports transmitted via WMO GTS and monthly totals calculated at the 

Climate Prediction Centre (CPC) of NOAA. Meanwhile the GPCC has data from more than 

100,000 stations in its data base. 

A thorough quality-control (QC) is crucial to detect and correct the various types of errors that 

occur in the station meta information as well as in the raw precipitation data. The data are 

archived in a relational data bank with source specific slots allowing the comparison of the data 

from different sources, which is very helpful to detect and correct errors.  

Several automated, semi-automated and manual quality-control procedures are applied before 

and during the loading of the data into the data bank. This includes automated consistency and 

threshold checks during the decoding of SYNOP reports as well as tests against station and grid 

based background statistics. Metadata are checked twice – before and during import into the 

data bank. Typical data errors detected are factor-10 and conversion errors (inch-mm etc.), 

observations shifted by one day, one month, a year or other periods, wrong coded missing 

values, gaps filled with long term means (Schneider et al., 2014). Quality codes are applied to 

track changes in the data base. 



Gridded precipitation analyses are generated by means of interpolation by the GPCC. For 

monthly totals a modified version of the SPHEREMAP scheme is applied, since 2008 as 

interpolation of anomalies from the background climatology (for details see Becker et al., 2013). 

The interpolation errors are smaller for an interpolation of the anomalies than for the absolute 

precipitation values on a monthly scale. The daily gridded fields are interpolated by using 

ordinary block Kriging as an anomaly technique. 

The GPCC produces several near-real time as well as non-real time precipitation analyses 

optimized for different applications. 

Near-real time analyses are the First Guess Daily, First Guess Monthly and Monitoring Product 

(monthly). The First Guess products are based on SYNOP reports from roughly 7,200 stations 

and an automated QC. These analyses are released three to five days after the end of each month. 

CLIMAT reports and monthly totals calculated at the CPC are additional data used for the 

Monitoring Product, increasing the number of stations to roughly 8,500. The QC is also 

enhanced by a visual inspection of data flagged as questionable in the automated processing. 

Due to the additional data and QC, the Monitoring Product is released two months after the 

observation and has a higher quality-level. In addition to the First Guess products also a 

correction factor to compensate for the systematic gauge-measuring error depending on the 

weather conditions and the fraction of liquid/mixed/solid precipitation in the given month is 

provided. 

Non-real time products are the Climatology, Full Data Daily, Full Data Monthly and 

HOMPRA-Europe. The Climatology is focusing on the period 1951-2000 and is calculated on 

the basis of 75,100 stations with climatological normals. The Climatology is also the back-

ground field for the anomaly interpolation applied at GPCC. Full Data Monthly (V.7) covers the 

time period from 1901 to 2013, whereas Full Data Daily covers 1988 to 2013. 

HOMPRA-Europe will become available soon and will be based on homogenized monthly 

precipitation totals from ca. 5,500 stations in Europe with at least 90% coverage for the period 

1951 to 2005. The break detection and correction is done by an automated scheme based on the 

approach of Caussinus and Mestre (2004).  

For drought monitoring purposes the GPCC provides the GPCC-drought index, which is a 

combination of the SPI and SPEI to achieve a global coverage (Ziese et al., 2014). It is based on 

the First Guess Monthly product and gridded temperature analysis from CPC/NOAA. Several 

aggregation periods are calculated. Owing to the data availability it is calculated at the tenth of 

the following month. 

GPCC has a strict data policy: no station observations are distributed to third parties, as the 

GPCC does not hold the copyright of these data. But the gridded analysis products are freely 

available at ftp://ftp-anon.dwd.de/pub/data/gpcc/html/download_gate.html. 

ftp://ftp-anon.dwd.de/pub/data/gpcc/html/download_gate.html


GPCC’s data sets are DOI-referenced to guarantee a long lasting availability and easy citation. 
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Abstract 

In order to understand the dynamics of rainfall, and to predict the same, it is necessary to study 

the parameters that give rise to rainfall. In this paper, an attempt has been made to investigate a 

few meteorological elements, namely the cloud liquid water (CLW), the precipitation water 

(PW), the latent heat (LH), the freezing level height (HFL) and the radar bright band height 

(BBH) at a few selected locations over the Indian Ocean., viz. (0, 90E), (12S, 80E), (14S, 84E), 

(16S, 90E), (20S, 100E), (22S, 108E), (24S, 108E), (26S, 100E), (30S, 100E), (32S, 80E), (34S, 

94E) and at (36S, 90E). 

As simultaneous observations of radar and radiometer give better realization of the atmosphere, 

in this paper, simultaneous observations of the Tropical Microwave Imager (TMI) and the 

precipitation radar (PR) aboard the Tropical Rainfall Measuring Mission satellite (TRMM) have 

been used.  The freezing level height (HFL) and the radar bright band height (BBH) have been 

obtained from the data product 2A23 of the precipitation radar (PR), and the cloud liquid water 

(CLW), the precipitation water (PW), the latent heat (LH) values have been obtained from the 

data product 2A12 of the Tropical Microwave Imager (TMI).  

The authors make an attempt to investigate how the CLW, PW and the LH vary with altitude, 

and their correlations with the altitude, if any. The study shows that the CLW, PW and the LH 

mostly bear cubic relations with the altitude. The study also shows the altitude where these 

elements reach their peak values.  

An attempt has been made, in particular, to investigate these parameters under heavy rainfall 

conditions.  The study also investigates the relative positions of the HFL, the BBH and the peak 

cloud liquid water level, termed as HPCL in this paper.  The study further reports statistics of the 

BBH and the HFL at (0, 90E) over the Indian Ocean. 

The study also investigates the above parameters under convective/stratiform dominance of 

surface rainfall over the selected locations. The period of the study is 1999-2008.  
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The Tropical Pacific Observing System 2020 (TPOS2020) is a limited term effort to enhance and 
redesign the observing system in the Tropical Pacific Ocean.  The effort was triggered by the 
deterioration of the Tropical Atmosphere Ocean (TAO) mooring array in 2012-2014, and the 
ongoing struggles to support the Triangle Trans-Ocean Buoy Network (TRITON) moorings in 
the western portion of the basin.  While ENSO and seasonal prediction remain a primary 
emphasis, the focus of the observing system has broadened to include the ocean mixed layer and 
the surface fluxes including fresh water fluxes, which requires resolving the diurnal cycle, 
unique equatorial coupled physics, and biogeochemistry. Many other key application areas draw 
benefit from TPOS, including climate monitoring and climate change detection and attribution, 
weather and ocean prediction services, and satellite product development and these users will 
also drive observational requirements.  This presentation will focus on the in situ rain gauge 
measurements from the TPOS moorings.  Some challenges in carrying out these measurements 
will be presented, as well as opportunities for satellite rainfall calibration/validation from the 
now 19 years of buoy rainfall observations at 10-minute time resolution. 
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For several years, the IPWG Japan validation site has been producing standard, daily 

validation metrics for several different products based on satellite algorithms and numerical 

models in near real time, with reference to a ground radar dataset calibrated by rain gauges. 

A summary of the results from the archive based on the product that was available at the time 

of the comparison will be given, comparing with those from the other IPWG validation sites 

(Ebert et al. 2007; Sapiano et al. 2010). The evolution of the satellite algorithms, focusing the 

GSMaP algorithm, is also examined. 
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Ice scattering signatures have been used for snowfall detection in microwave radiometer 

observations. However, cloud liquid water frequently exists in snow clouds and generate  

emission, masking ice scattering signatures (Liu and Seo 2013). In this study, 

CALIPSO/CALIOP cloud type data (Yoshida et al., 2010; Hirakata et al., 2014), 

CloudSat/CPR and Aqua/AMSR-E are used to examine cloud phase and its microwave 

signatures in snow clouds associated with two major snowfall categories over ocean; cold air 

outbreaks and extratropical cyclones. Cloud liquid water is observed at the top of shallow 

cumuliform snowfall associated with cold air outbreaks, while cloud ice for deep

nimbostratus snowfall associated with extratropical cyclones. Comparisons of polarizat ion 

difference (PD) and polarization corrected temperature (PCT) at 89 GHz between two 

systems show the PD decrease with a small PCT variation for shallow cumuliform snowfall, 

and the substantial decrease of both PD and PCT for deep nimbostratus snowfall. 
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A rainfall rate algorithm has been developed for the Advanced Meteorological Imager 

(AMI) onboard the GEO-KOMPSAT-2A (GK-2A), the second Korea’s geostationary 

satellite, scheduled to be launched in early 2018. The AMI rainfall rate algorithm uses 

the a-priori information including the microwave rainfall data from the low-earth 

orbiting satellites and infrared (IR) brightness temperatures from geostationary satellites. 

The algorithm may better perform with a variety of a-priori information describing all 

possible precipitating systems. In addition, separation of physically different 

precipitating systems likely to improve the accuracy of retrieval process. However, it 

has been well known that such the separation can be hardly achieved based on the 

measurements of cloud top temperatures. This algorithm tries to utilize the radiative 

characteristics observed differently for different wavelengths in IR spectral regions. The 

characteristics include the different emissivity as a function of wavelength and cloud 

thickness. Using the brightness temperature differences (BTDs) between IR channels 

the algorithm discriminates three types of precipitating clouds: shallow, not-shallow-tall 

and not-shallow-taller types. The separation of three types of precipitating clouds may 

help the accuracy of rainfall estimates for each type of clouds. In addition to the 

separation of cloud types in the databases, the algorithm also uses databases classified 

by latitudinal bands. The bands are separated with four latitudinal zones. The separation 

of database based on latitudes may have an effect of distinguishing the cloud types that 

can occur regionally. The a-priori databases are thus classified with 12 different 

categories. Once the a-priori databases are constructed, the algorithm inverts the AMI 

IR brightness temperatures to the surface rainfall rate based on a Bayesian approach. 

The Bayesian approach has advantages on using multi-channel brightness temperatures 

simultaneously and utilizing the probability of rainfall reserved in the a-priori databases. 

As a proxy for the AMI this algorithm first tests the Advanced Himawari Imager (AHI) 



data. Retrieval results and the status and plan of the algorithm development will be 

introduced.  
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Water is essential to our planet Earth. Knowing when, where and how precipitation falls 

is crucial for understanding the linkages between the Earth’s water and energy cycles 

and is extraordinarily important for sustaining life on our planet during climate change. 

The joint NASA-JAXA Global Precipitation Measurement (GPM) Core Observatory 

spacecraft launched February 27, 2014, is the anchor to the GPM international satellite 

mission to unify and advance precipitation measurements from a constellation of 

research and operational sensors to provide next-generation precipitation products. The 

GPM mission is well on its way to providing essential data on precipitation (rain and 

snow) from micro to local to global scales via providing precipitation particle size 

distributions internal to the cloud, 5-15 km estimates of regional precipitation and 

merged global precipitation. Scientists and hazard decision makers all over the world 

value GPM’s data. Status and successes in terms of spacecraft, instruments, retrieval 

products, validation, and impacts for science and society will be presented. 
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Retrievals of falling snow from space represent an important data set for understanding 

the Earth’s atmospheric, hydrological, and energy cycles, especially during climate 

change. This work reports on the development and testing of retrieval algorithms for the 

joint NASA-JAXA Global Precipitation Measurement (GPM) mission Core Satellite, 

launched February 2014. Within 3 weeks after launch, GPM’s GMI was able to detect 

and measure falling snow. When compared to ground data there are inconsistencies in 

the patterns and amounts/intensity of the estimated falling snow. Since both the satellite 

estimates and the ground data will have errors and uncertainties, it is a matter of 

reducing these errors and uncertainties in both the satellite products and the ground 

radar datasets. One major area of validation is proving that we can detect falling snow. 

Prior publications show that, theoretically, GPM should be able to detect falling snow at 

rates of > 0.5-1.0 mm/hr (melted rate) or about 1 cm/hr or higher (fluffy rate). Work to 

examine the detection limits of falling snow is underway. Our presented work will 

examine both the detectability of falling snow and the accuracy of falling snow rates for 

GPM snow cases using the most recent (May 2016) release of GPM retrieval 

algorithms. 
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It has been noted that the heavy rain system over the Korean peninsula is more associated 

with low-level clouds (i.e., warm-type heavy rainfall), in contrast to the traditional view that 

the deep convection with abundant ice water content produces heavy rainfall. This finding 

leads to a conjecture that the cloud microphysics parameterization developed for the 

conventional severe weathers such as in the United States may not work for such warm-type 

heavy precipitation cases because of the different cloud–rain system. Thus, this study aims to 

evaluate the eight microphysics schemes in the Weather Research and Forecasting (WRF) 

model against the satellite measurements over the warm-type abundant Korean peninsula and 

surroundings. The evaluation results exhibit that Double Moment 6-class (WDM6) scheme 

simulates the most realistic vertical structure of heavy rainfall among eight WRF 

microphysics schemes by virtue of the smallest amount of snow and modified warm-rain 

physics (e.g., size distribution and accretion processes). However, excessive graupel in the 

WDM6 scheme is thought to be a problem.  
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NASA has a long standing commitment to the improvement of its mission datasets. Indeed, 

data reprocessing is always built into the plans, schedule and budget for the mission data 

processing system. However, in addition to these ongoing mission reprocessing, NASA also 
supports a final reprocessing of all the data for a mission upon its completion (known as 

Phase F). TRMM Phase F started with the end of the TRMM mission in June of 2015. This 

last reprocessing has two overall goals: improvement of the TRMM mission data products; 
incorporation of the 17+ years of TRMM data into the ongoing NASA/JAXA GPM data 

processing. The first goal guarantees that the latest algorithms used for precipitation 

retrievals will also be used in reprocessing the TRMM data. The second goal ensures that as 
GPM algorithms are improved, the entire TRMM data will always be reprocessed with each 

GPM reprocessing. In essence TRMM becomes another of the GPM constellation satellites.  

This paper will concentrate on presenting the improvements to TMI level 1 data including 
calibration, geolocation, and emissive antenna corrections. It will describe the format 

changes that will occur how the TMI level 1C product will be intercalibrated using GMI as 

the reference calibration.  It will also provide an overview of changes in the precipitation 
radar products as well as the combined TMI/PR product.  
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The Soil Moisture and Ocean Salinity (SMOS) satellite mission has been measuring sea surface 
salinity (SSS) for over 6 years with about 5-day global ocean coverage and a spatial resolution 
of about 50 km. In rainy regions, at local and short time scales, the spatio-temporal variability 
of SSS is dominated by rainfall. The relationship between surface freshening and rain rate (RR) 
has been highlighted in the Pacific intertropical convergence zone (Boutin et al., 2014). In this 
context, this study investigates the rainfall characteristics that may be inferred from SMOS SSS 
based on statistical approach.  

Salinity anomalies associated with rainfall events are first estimated. In order to do so, a 
reference salinity (i.e. with no rain-induced signal) is computed for each pixel of the SMOS 
observation using the statistical distribution within 3°x3° region of SMOS SSS. In case the 
distribution is asymmetrical toward low values, suggesting a rain influence, a mean ‘non-rainy’ 
SSS corresponding to a Gaussian distribution fitted onto the highest part of the distribution 
(quantile>0.8) is computed. Rain rate probability associated with SSS anomalies are then 
inferred from a probabilistic approach. It also enables us to separate the rain intensity depending 
on the SSS anomaly. Finally, a RR retrieval algorithm based on SSS is developed combining 
this dependence with the SSS-RR relationship described in Boutin et al. (2014) and a spatial 
association index (spatial correlations of SSS anomalies within 100 km). SMOS-derived RRs 
are then collocated with various radiometers and CMORPH RR datasets. Their consistency is 
assessed. 

A particular focus will be put on RRs estimates derived during the Salinity Processes in the 
Upper Ocean Regional Study (SPURS-2, http://spurs2.jpl.nasa.gov) from a near real time 
implementation of rain retrieval from SMOS SSS.  

Boutin et al. (2014), Sea surface salinity under rain cells: SMOS satellite and in situ drifters 

observations, JGR: Oceans, doi:10.1002/2014JC010070
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Recently, a multi-scale modeling system with unified physics was developed at NASA 

Goddard.  It consists of (1) a cloud-resolving model (the Goddard Cumulus Ensemble 

model, GCE model), (2) a regional scale model (the NASA unified Weather Research 

and Forecasting model, NU-WRF), (3) a coupled CRM and global model (the Goddard 

Multi-scale Modeling Framework, MMF), and (4) a land modeling system.  The same 

microphysical processes, long and short wave radiative transfer and land processes and 

the explicit cloud-radiation, and cloud- land surface interactive processes are applied in 

this multi-scale modeling system.  This modeling system has been used to perform real 

time forecasts as well as simulations of precipitation events during GPM GV campaigns 

[i.e., MC3E, a joint DOE/NASA field campaign, and three cold-season campaigns, the 

GPM Cold-season Precipitation Experiment (GCPEx), the Light Precipitation 

Validation Experiment (LPVEx) and Olympic Mountain Experiment (Olympex)]. 

This talk will identify the strengths and weaknesses of the cloud and precipitation 

processes simulated by the models.  We will also examine the impact of microphysics 

schemes (Goddard 3-ICE, Goddard 4-ICE, spectral bin and Morrison schemes) on 

simulated cloud properties including cloud (upward and downward) velocity, radar 

reflectivity (CFADs), latent heating profiles, diurnal variation and cool pool strength. 
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The water resources satisfaction index (WRSI) model is widely used in drought early 

warning and food security analyses, as well as in agro-meteorological risk management 

through weather index-based insurance. Key driving data for the model is provided from 

satellite-based rainfall estimates such as ARC2 and TAMSAT over Africa and CHIRPS 

globally. We evaluate the performance of these rainfall datasets for detecting onset and 

cessation of rainfall and estimating crop production conditions for the WRSI model. We 

also examine the sensitivity of the WRSI model to different satellite-based rainfall products 

over maize growing regions in Tanzania. Our study considers planting scenarios for short-, 

medium-, and long-growing cycle maize, and we apply these for ’regular’ and 

drought-resistant maize, as well as with two different methods for defining the start of 

season (SOS). Simulated maize production estimates are compared against available 

reported production figures at the national and sub-national (province) levels. Strengths and 

weaknesses of the driving rainfall data, insights into the role of the SOS definition method, 

and phenology-based crop yield coefficient and crop yield reduction functions are discussed 

in the context of space-time drought characteristics. We propose a way forward for 

selecting skilled rainfall datasets and discuss their implication for crop production 

monitoring and the design and structure of weather index-based insurance products as risk 

transfer mechanisms implemented across scales for smallholder farmers to national 

programmes.  

* satellite-based rainfall, WRSI, maize, Tanzania, early warning, crop production,

weather risk assessment 
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Climate variability, and resulting in droughts and floods, has been a recurrent phenomenon in 

Ethiopia for decades. However, the impact of these phenomena on lives and livelihoods has 

been reduced significantly over the years owing to, among other things, the use of climate 

information for early warning and early actions. Rainfall monitoring is one of the critical 

information needed for early warning. However, the distributions of stations that report on 

real time basis are very limited over Ethiopia. This problem is aggravated by the country’s 

very complex topography. The National Meteorological Agency (NMA) of Ethiopia has 

managed to alleviate this problem by optimally combining stations observations with satellite 

rainfall estimates. Products generated from the combined data are made available to users 

through an interactive maproom on NMA’s webpage. 
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The EUMETSAT NWCSAF supports Nowcasting applications primarily by providing software packages 

processing satellite products relevant for Nowcasting purposes from operational meteorological satellites. 

Separate software packages are provided for selected geostationary satellites (GEO package) and polar orbiting 

Satellites (PPS package). Whereas precipitation products in the GEO package can exploit the high time 

resolution of GEO satellites but are restricted to imager data, development priorities for PPS have been shifted to 

exploit microwave information only, in order to be able to prepare for the exploitation of MWI/ICI data from 

METOP-SG for real time applications. 

To strengthen synergetic use of development resources within EUMETSAT, NWCSAF development activities 

for the Microwave Imager (MWI)/ Ice Cloud Imager (ICI) instrument suite on board METOP-SG have so far 

been concentrated on ICI. Being the first operational instrument making use of sub-millimeter wavelengths, 

ICI’s primary aim is to characterize the bulk mass of ice hydrometeors. The basic retrieval products are ice water 

path, mean mass size and mean mass altitude. NWCSAF supports the implementation of the Ice Water Path  

products to be centrally produced at EUMETSAT with the development of the retrieval algorithm. These 

activities are closely linked with research activities on sub-millimeter wavelengths at Chalmers University. A 

core activity is to produce a retrieval database with RTM simulations for the ICI range (183-664 GHz). The 

retrieval algorithm will be based on Monte Carlo Integration (MCI) making use of this database. The accuracy of 

the future ICI retrievals depends strongly on the quality of the retrieval database, i.e. how well it represents 

reality. The present testing of retrieval algorithms and databases is largely based on the airborne observations 

obtained by ISMAR (International SubMillimetre Airborne Radiometer), and Cloudsat will be used as main 

information data source.  

NWCSAF is also planning a dedicated software package for the retrieval of cloud ice, water and precipitation 

parameters from the synergistic use of MWI/ICI for NWC purposes. The software is planned to become 

available as a separate PPS package shortly after the METOP-SG B satellite is declared operational (2023/2024 

timeframe). Requirements and algorithms will be specified in the coming years, and developments at HSAF, 

CMSAF and NWCSAF for ICI/MWI will be considered in this process.  

In the meantime the current NWCSAF Precipitating Cloud (PC) product, based on AMSU-B/MHS onboard 

NOAA and METOP satellites , will be supported technically during the live time of these sensors, but no further 

development or adaptation to future satellites is foreseen. 
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This study evaluated a comprehensive validation of four Satellite Precipitation Data (SPD): the 

Climate Prediction Center Morphing algorithm (CMORPH version 1.0), Global Satellite Mapping of 

Precipitation (GSMaP MVK version 6.5133.0) , Precipitation Estimation from Remotely Sensed 

Information using Artificial Neural Networks (PERSIANN) and Tropical Rainfall Measuring 

Mission (TRMM 3B42 version 7) using rain gauge station data and Vietnam Gridded Precipitation 

dataset (VnGP) over Central Vietnam. SPD were compared and evaluated for two contrastive  

topography regions, which were Central Highland and Central Coast during rainy seasons in the 

period from 2001 to 2007, at different spatial and temporal scales (daily, 5-day, 10-day and monthly). 

In addition, heavy rainfall days caused by Southwest monsoon, Northeast monsoon and Tropical 

cyclone were also defined and evaluated.  

The results indicated that the performance of satellite-derived precipitation products were 

significantly different, depending on geographical location and the  causes of rainfall. In Central 

Highland, GSMaP provided better estimates than other products in daily and 5-day scales while 

TRMM had the best performance in 10-day and monthly scales. In contrast, CMORPH and TRMM 

performed better than the others in the Central Coast. Concerning the heavy rainfall days, CMORPH 

and PERSIANN had strong underestimates in Southwest monsoon and Northeast monsoon 

respectively. Meanwhile GSMaP had a good agreement with observation data in Southwest monsoon 

precipitation but not in both Northeast monsoon and Tropical cyclone. In terms of the capabilities to 

capture heavy rainfall events, TRMM had the best performance with high POD, HSS in all of 

thresholds and thus were deemed to be reliable and highly potential for hydrological applications. On 

the other hand, CMORPH and PERSIANN had the worst performance in Southwest and Northwest 

monsoon respectively. 

Keyword: Satellite rainfall, Central Vietnam, Heavy rainfall. 
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Estimation of light rain and cold season precipitation over the variety of Earth surface 
conditions remain longstanding open issues for space-based radar and passive microwave 
(MW) observing systems, such the current Global Precipitation Measurement (GPM) 
core satellite and the precipitation products produced by its constellation radiometers.  
Previous radar simulations and observations from CloudSat have shown the benefit of 94 
GHz (W-band) radar observations to complement 14/35 GHz (Ku/Ka-band, such as the 
GPM Dual Frequency Precipitation Radar, DPR) for these precipitation conditions, and 
the capabilities as well as limitations of high frequency (HF, 85 GHz and above) passive 
MW observations also sensitive to the associated surface and environmental conditions of 
the associated weather systems.  To assess the requirements for future cloud/precipitation 
observing systems, the collection of global GPM/CloudSat satellite coincidences is 
examined for consistency between the vertical cloud structure, surface conditions and the 
corresponding HF observations, which cover a diverse range of weather conditions.  
Similar observations from the NASA DC-8 (radar profiles from the Advanced 
Precipitation Radar (APR-3) and two HF radiometers) were collected during November-
December 2015 as part of the OLYMPEX-RADEX campaign in western Washington 
state, covering orographically evolving precipitation events with flight transects that 
covered transitions from ocean, coast, vegetation and snow-covered surfaces, regimes 
where there is less experience in modeling the joint atmospheric and land surface 
properties.  Since W-band detects the upper cloud that DPR is largely insensitive to, its 
added benefit is assessed from the level of consistency between HF simulations and the 
corresponding observations. 
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We have utilized both citizen reports of hail in Finland between 2012 and 2015 and rain-

gauge measurements in order to compare the observed hail size, place, and time of 

occurrence to corresponding radar measurements using the network of C-band dual-

polarization radars operated by the Finnish Meteorological Institute. For each radar volume, 

we measure reflectivity Z, differential reflectivity Zdr, specific differential phase Kdp, and 

the amplitude of the copolarized correlation coefficient Rhv.  

In order to quarantee that the measured radar volumes contain mainly hail, we first filter out 

all volumes that have Z below 45 dBZ. Then we filter the data by using only those volumes 

which belong to the 10% slice of the highest dBZ values in cumulative distribution 

functions. Finally, the radar volumes are divided based on hail size into four categories (10 

mm intervals) and based on the altitude of the volumes below/above the 0-degree-Celsius 

isotherm into four layers (1 km intervals) similar to the classification by Ryzhkov et al. 

(2013b).  

We find that overall the distributions of the dual-pol parameters are close to those at S-band 

(Ryzhkov et al., 2013b) with Zdr having significantly larger values due to the C-band 

resonances at 8 and 30 mm sizes of melting hail (Ryzhkov et al., 2013a). The distributions 

are greatly influenced by hail size and hail altitude due to average degree of melting in the 

volumes. There are clear thresholds for size and altitude, when the radar volumes become 

dominated by large raindrops. This can be seen with both Zdr and Kdp for hail sizes smaller 

than 20 mm and altitudes smaller than 1 km from the isotherm. Z and Rhv are insensitive to 

both hail size and altitude. 



 

2013a: Ryzhkov A. V., M. R. Kumjian, S. M. Ganson, and A. P. Khan (2013), 

Polarimetric Radar Characteristics of Melting Hail. Part I: Theoretical Simulations 

Using Spectral Microphysical Modeling, J. Appl. Meteor. Clim. 52, 2849-2870 

 

2013b: Ryzhkov A. V., M. R. Kumjian, S. M. Ganson, and P. Zhang (2013), 

Polarimetric Radar Characteristics of Melting Hail. Part II: Practical Implications, J. 

Appl. Meteor. Clim. 52, 2871-2886 
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The present study reports an improvement in the INSAT Multispectral Rainfall Algorithm 

(Mishra et al., 2010) which is currently operational in the Indian Meteorological 

Department (IMD). The proposed Modified-IMSRA (M-IMSRA) algorithm deviates 

from original IMSRA in two ways; first is by improvement in rain/no-rain area detection 

scheme using a Multi-Index Rain Detection (MIRD) index (Upadhyaya and Ramsankaran, 

2014). Second is based on the climate region-wise correction through Least Absolute 

Shrinkage and Selection Operator (LASSO) models developed for each climate region 

using rainfall (obtained based on 1st improvement) and static topographic variables 

extracted from Digital Elevation Model (DEM). In addition to the rainfall estimates, the 

M-IMSRA algorithm provides the error(s) associated with the estimates using non-

parametric error model (Gebremichael et al., 2011). 

The developed algorithm has been tested over different climate regions of India for the 

period 2010-2014 summer monsoon season (June, July, August and September) using 

IMD gridded gauge data as the reference data. Further, the estimates of M-IMSRA were 

compared with IMSRA and TRMM 3B42-RT to assess its relative performance. The 

overall results indicate that the M-IMSRA is performing better than the IMSRA in all 

climatic regions when compared with the reference dataset. However, the improvement 

is not uniform in all the regions. Inclusion of the MIRD index led to considerable 

improvement in M-IMSRA based rainfall estimates mainly in the arid regions. Likewise, 

the results obtained after the LASSO regression corrections indicates improvement only 

in orographic regions. Finally, the inter-comparison of the simple hybrid M-IMSRA 

algorithm estimates with Tropical Rainfall Measuring Mission (TRMM) 3B42 V7 and 

TRMM 3B42-RT V7 illustrate that the performance of M-IMSRA is comparable with the 

multi-satellite SREs in all the climate regions of India. Considering the above results, it 

mailto:shruti.upadhyaya20@gmail.com
mailto:ramsankaran@civil.iitb.ac.in


can be said that the performance of simple hybrid algorithms such as IMSRA can be 

improved to match the quality multi-satellite satellite rainfall estimates by incorporating 

appropriate corrections. 
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The intercomparison of two along-track (level 2) precipitation products (GMI L2 and KuPR 

L2) and two multi-satellite precipitation products (GSMaP MVK and IMERG) were 

performed for different cloud types (e.g., cumulonimbus) over western North Pacific region. 

The cloud type information was obtained from the satellite c loud grid information data over 

western North Pacific provided by Japan Meteorological Agency. In addition, the satellite 

precipitation products classified by cloud types were validated against ground-based radar 

precipitation estimates calibrated by rain gauges (Radar-AMeDAS) over Japan. It was 

found that GSMaP MVK considerably underestimates the relative frequency of weak 

precipitation and overestimates the relative frequency of moderate precipitation for 

cumulonimbus. Further investigation revealed that these considerable biases of GSMaP 

MVK for cumulonimbus originate from the precipitation estimates by infrared information 

that is used to fill the spatiotemporal intervals between microwave observations. 
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The aim of this research project is to combine different satellite missions in order to optimize the 

interest of each mission. The specific objective is  to use rainfall retrievals from satellites (GPM 
constellation / Megha-Tropiques mission) to better understand and predict  the river  discharge 

variability as it will observed by SWOT altimetry mission. The Surface Water Ocean Topography 

(SWOT) Mission is a proposed NASA/CNES mission to make the first global survey of Earth’s surface 
water heights. The main contribution of this research project is in assessing satellite rainfall errors over 

various Brazilian and African  basins, understanding their scale dependence, analyzing the error 

structure (i.e. space-time correlation) and studying their propagation through hydrological models in 
various hydro-meteorological context. The updated error model developed in this project will feed into 

the MGB hydrological model and will be used for the ensemble rain fields for hydrological prediction 
numerical experiments. Current results and future activities will be presented in this poster.  
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Measuring precipitation from space is a long standing issue of meteorology, hydrology and 

climatology. Since the launch of the first meteorological satellites in the 60s several 

visible/infrared/microwave techniques for “inferring”, rather than “measuring” rainfall 
intensity from space were conceived, but seldom reached operational application. 

Algorithms have greatly evolved and now offer an acceptable quality level when products 

are averaged over suitable time and space scales. This poster will introduce the current stage 
and future improvements of a new pilot project called “Precipitation / Severe Rainfall Risk 

Reduction” sponsored by the World Meteorological Organization through a new initiative 
called “Sustained, Co-Ordinated Processing of Environmental Satellite Data for Nowcasting 

(SCOPE-Nowcasting)”. The main goal of this initiative is ensuring continuous and 

sustained provision of consistent, well-characterized satellite products for nowcasting and 
severe weather risk reduction. 
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The current meteorological observations from satellites in the microwave domain are 

limited to 190 GHz. The next generation of European operational meteorological 

satellite (EUMETSAT Polar System - Second Generation - EPS-SG) will carry an 

instrument, the Ice Cloud Imager (ICI), with frequencies up to 664 GHz, to improve the 

characterization of the cloud frozen phase. We recently developed a statistical ice 

content retrieval algorithm for ICI, trained on a database derived from the coupling of a 

mesoscale cloud model and radiative transfer calculations. The hydrometeor profiles 

simulated with the Weather Research and Forecasting model (WRF) for 12 European 

mid-latitude situations are used to simulate the brightness temperatures with the 

Atmospheric Radiative Transfer Simulator (ARTS) to prepare the training database. 

The WRF + ARTS simulations have been compared with success to SSMIS observations 

up to 190 GHz: this successful evaluations give us confidence in the simulations at the 

ICI channels from 183 to 664 GHz. Statistical analyses have been performed on this 

simulated retrieval database, showing that it is not only physically realistic but also 

statistically satisfactory. A Neural Network (NN) classifier is used to detect the ice and 

a multilayer feed forward NN is used to retrieve the ice content over sea and land 

separately. The detection and retrieval of other hydrometeor quantities (e. g., snow, 

graupel, rain) are also performed and with ICI only and with ICI combined with 

observations from the Microwave Imaging Radiometer (MWI with frequencies from 19 

to 190 GHz also on board MetOp-SG). The ICI channels have been optimized for the 

detection and retrieval of the cloud frozen phases: adding the MWI channels improve 

the performance of the vertically integrated hydrometeor contents in various degrees, 

especially for the cloud liquid phases. The relative errors for retrieved integrated frozen 

contents drop and remain nearly below 15% for 0.5 kg/m2 and   above, respectively.  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Precipitation estimates from geostationary satellites provide the rapid temporal update desired by the 

operational meteorologists to capture the growth and decay of precipitating cloud systems on a scale of 

several kilometers.  A variety of infrared (IR) and visible and IR combined methods have been 

proposed to identify the relationships between observed cloud top radiation and surface rainfall. The 

upcoming launch of the Geostationary Operational Environmental Satellite-R Series (GOES-R) 

ushers a new era of geostationary satellite with the 16 channel Advanced Baseline Imager (ABI) and 

the Geostationary Lightning Mapper (GLM) and the ability to take full-disk images of Earth at 

five-minute intervals.  A combined IR and lightning convective features and precipitation algorithm 

is developed using current geostationary satellite from the Japanese Meteorological Agency’s 

Himawari-8 infrared and ground lightning network GLD360 lightning observations in preparation 

for GOES-R. This algorithm classifies precipitating clouds as convective and other precipitation  

based on the cloud top characteristics synergized with lightning measurements which show close 

correspondence to radar and passive microwave measurements where precipitation sized ice exists in 

the cloud. Improved identification of strong convection allows forecasters to monitor current 

weather conditions and provide more detailed warnings of potentially dangerous rain events. The 

presentation will give an overview of the algorithm, case studies, and a website that hosts the 

continuous loop of convective features and precipitation rates from the Himawari-8 and lightning 

data. 
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East Africa (EA, 5°S–20°N, 28°E–52°E) is experiencing an extreme interannual variability of its 
rainfall regime with economic and societal consequences on a population that mainly sustains on 
rain-fed agriculture. The complexity of the rainfall regime is the result of the overlap of factors 
ranging from large-scale tropical drivers (including several major convergence zones such as the 
intertropical convergence zone, ITCZ, and the Congo Air Boundary) to more regional factors 
associated with the presence of lakes, land properties, complex topography, and the maritime 
influence.  

In this work, satellite and reanalysis datasets are analyzed to disentangle the possible role that two 
of such local factors, sea surface temperatures (SSTs) and soil moisture (SM), play in shaping EA 
rainfall variability and the associated physical mechanisms. The rainfall dataset is a daily 
accumulated satellite product, the Africa Rainfall Climatology version 2 (ARC2) at 0.25° spatial 
resolution. 

In general, rainfall variability over EA is highest during the short rains season (October-November-
December, OND) and is linked to the direct influence of the SST variability in the Indian Ocean 
(IO, mainly western IO), the remote Pacific Ocean (El Niño Southern Oscillation, ENSO), and the 
local influence of SM. The strong positive correlation (0.87) between EA short rains season and the 
Indian Ocean Dipole (IOD) index indicates that IOD in its positive phase (IOD+) plays a dominant 
role in driving OND rainfall. Moreover, IOD+ usually coincides with El Niño events and becomes 
stronger as the intensity of El Niño increases, specifically in case of the Eastern El Niño episodes. 

The physical mechanism explaining the IOD link consists of a Gill-type response to warm Western 
IO SST anomalies that induces a westerly low-level flow anomaly over equatorial  Africa and leads 
to moisture convergence over EA (Bahaga et al. 2014). This response becomes stronger in the years 
of joint IOD+ and El Niño events as the intensity of El Niño increases specifically in the eastern 
Pacific and the Walker circulation is shifted accordingly. 

SM seems to be responding to rainfall variability with some time delay but seems also to be playing 
a kind of memory effect on rainfall the following year (positive feedback). 
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Radar and radiometry are important tools to quantify snowfall rates and particle size spectra, 

both in snow falling at the surface, and for particles in ice clouds aloft. However, our ability 

to retrieve these quantities is limited by our understanding of the scattering properties of 

individual snowflakes. Increasingly, millimetre and sub-millimetre wavelengths are being 

used to probe these particles from space, and at these short wavelengths the dependence of 

the scattering on particle geometry becomes much stronger, and more complex. Meanwhile 

there is a proliferation of scattering models and databases available as input for retrievals. 

Which one should I choose? And on what evidence? 

Results are presented from an experiment where large snowflakes were probed with 

carefully calibrated and colocated 3, 35 and 94 GHz radars. We compare the two 

independent dual-wavelength ratios against theoretical curves for different scattering 

models. The data are not consistent with simple spherical and spheroidal models, which 

produce errors of several dB at 94GHz. A number of more sophisticated aggregate 

scattering models are also found to give results which are inconsistent with the observations. 

The only models which fit the radar data are those derived from an ensemble of aggregate 

geometries, generated by a physical aggregation model.  

The spatial heterogeneity of the multi-wavelength data is also investigated, and the 

importance of this for space-based multi-wavelength sensors with a large footprint (like 

GPM) is assessed.  
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Typically, satellite rainfall retrieval algorithms assume precipitation is uniformly distributed across the 
satellite sensor’s field-of-view (FOV). But the GPM Ku/Ka-band Dual-frequency Precipitation Radar (DPR) 
rainfall retrieval algorithm uses a statistical relationship between FOV mean and the unresolved sub-FOV 
variability to account for sub-FOV variability. This correction is called Non-Uniform Beam Filling (NUBF) 
correction. 

The aim of this work is to use ground based scanning radar observations to investigate relationships 
between area-averaged precipitation and sub-satellite FOV precipitation variability at the DPR FOV 
resolution of 5 km. This work uses drop size distributions parameters (e.g. Nw and Dm) retrieved from 
NASA’s polarimetric radars (i.e., NPOL and D3R) during GPM field campaigns (e.g. IFloods and IPHEx) to 
investigate relationships between sub-grid variability and the grid box mean from the central and 
neighboring pixels. Determining intra- and inter-FOV variability relationships could help validate NUBF 
corrections currently being used in GPM rainfall retrieval algorithms. 
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CloudSat's long-term observations of mid- and high-latitude precipitation has enabled several 
reflectivity-based approaches for estimating the properties of falling snow.  The 2C-SNOW-PROFILE 
product provides estimates of vertical profiles of these properties over a 10-plus-year record with 
observations spanning from the high northern to high southern latitudes.  An initial multiyear period of 
diurnal observations has been succeeded by ongoing daytime-only observations.  Analyses of these 
data provide insight into the characteristics of snow event produced by distinct meteorological 
processes as well as reveal some interesting 'fast facts' about snowfall in CloudSat's view of the Earth.

The extensive dataset facilitates comparisons against a number of ground-based precipitation and radar
networks, as well as against direct aircraft-based observations of in situ snow properties.  Comparisons 
suggest biases likely related to spatial representativeness of both the ground- and CloudSat-based 
estimates of snowfall at the surface.  Aircraft-based comparisons illustrate the difficulty of such 
comparisons related to the definition of 'snow' in clouds consisting of mixed precipitating and non-
precipitating ice.

Finally, the dataset lends itself to a number of applications, and we highlight two of these:  first, for 
investigations of microphysical processes illustrated by examination of orographically-influenced 
precipitation; and second, for predicting the performance of future satellite-based radar systems for 
observing clouds and precipitation.



Gauge – CMORPH Blended Analysis: A Long-Term Record of High-Resolution 

Daily Precipitation over the Global Land from 1998 
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NOAA Climate Prediction Center 

A gauge – CMORPH blended analysis (GCB) of daily precipitation has been constructed 

on a 0.25olat/lon grid over the global land for an 18-year period from 1998 to the present. 

The GCB analysis is developed to combine the strength of gauge observations and 

satellite estimates of precipitation. The gauge data used here is the CPC unified daily 

gauge analysis which is created by interpolating gauge reports of daily precipitation from 

~30000 stations around the world with consideration of orographic effects. The input 

satellite estimates ae from the reprocessed, bias-corrected CMORPH. The CMORPH bias 

correction is performed through PDF calibration against temporally / spatially co- located 

gauge data. A processing system is developed to blend the CPC gauge analysis and the 

bias-corrected CMORPH, implementing the OI-based conceptual model described in Xie 

and Xiong (2011). The bias-corrected CMORPH is utilized as the first guess, while the 

gauge data play a role as the observations to refine the first guess over regions with 

reasonable gauge station coverage. Error structures are defined for the input gauge and 

CMORPH data to ensure optimal performance of the resulting blended analysis. As a 

result, over regions of dense gauge networks, the blended analysis is dominated by the 

gauge analysis while over places of sparse station coverage (e.g. equatorial Africa) the 

analysis is virtually the same as the first guess, the bias-corrected CMORPH satellite 

estimates. Over grid boxes where / when the current generation CMORPH does not 

provide coverage (e.g. beyond 60oS/N parallels) or presents poor detection skills (e.g. 

regions covered with snowfall), the blended analysis is simply defined as the same as the 

gauge-based analysis. Validation results showed improved performance of the gauge – 

CMORPH blended analysis upon individual inputs. Detailed results will be reported at 

the 8th IPWG Workshop.  



A Prototype Precipitation Retrieval Algorithm over Land for ATMS
Yalei You, Nai-Yu Wang, Ralph Ferraro, Patric Meyers

A prototype precipitation algorithm for the Advanced Technology Microwave Sounder (ATMS) was 
developed by using 3-yr coincident ground radar and ATMS observations over the continental United 
States (CONUS). Several major improvements  to a previously published algorithm for the Special 
Sensor Microwave Imager/Sounder (SSMIS) include : (1) considering the different foot print size of 
ATMS pixels; (2) calculating the uncertainty associated with the precipitation estimation; (3) extending
the algorithm to 60S-60N region only using CONUS observations to construct the database. It is found 
that the retrieved and radar observed rain rates agree well (e.g., correlation ~0.66) and the one-standard 
error bar provides valuable retrieval uncertainty information. The geo-spatial pattern from retrieved 
rainrate is largely consistent with that from radar observations. For the snowfall performance, the 
ATMS retrieved results clearly capture the snowfall events over the Rocky Mountain region, while 
radar observations miss almost entirely the snowfall events over this region. Further, this algorithm is 
applied to 60S-60N land region. The representative nature of rainfall over CONUS permitted the 
application of this algorithm to 60S-60N for rainfall retrieval, evidenced by the progress and retreat of 
the major rain bands. However, artificially large snowfall rate is observed in several regions (e.g., 
Tibetan Plateau and Siberia), due to frequent false detection and overestimation caused by much colder 
brightness temperatures.



Quantifying the Snowfall Detection Performance of the Global Precipitation Measurement (GPM)
Microwave Imager Channels over Land

Yalei You, Nai-Yu Wang, Ralph Ferraro, Scott Rudlosky

This study uses Global Precipitation Measurement (GPM) Microwave Imager (GMI) and 
Ka-precipitation radar observations to quantify the snowfall detection performance for different 
channel (frequency) combinations.  Results showed that the low frequency channel set contains limited 
snow detection information with a 0.34 probability of detection (POD). The high frequency channels 
are added to the low frequency channel set one by one to illustrate the importance of the high frequency
channels for snowfall detection. Adding the 183$\pm$3 channel presents the largest POD improvement
(from 0.34 to 0.50). The reason for this seemingly surprising result is that the surface contamination is 
most effectively alleviated for the 183$\pm$3 channel due to  the water vapor mask effect. Therefore, 
the weak scattering signature from the snowfall is better captured. Data analysis and model simulation 
support this explanation. Further, the GPM constellation radiometers are grouped into six types based 
on the channel availability and their snowfall detection capability are estimated, using channels 
available on GMI. It is found that type 4 radiometer (all channels) has the best snowfall detection 
performance with a POD at 0.77. The POD values are only slightly smaller for the type 3 radiometer 
(high frequency channels) and type 5 radiometer (all channels except 183 channels). Finally, it is 
demonstrated that the 166 channels are indispensable for any channel combination with POD greater 
than 0.70, by analyzing 8191 all possible GMI channel combinations. This again suggests that the 
scattering signature, not the water vapor effect, is essential for snowfall detection.




