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Chapter 2
False Alarm in Satellite Precipitation Data
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Evaluation of satellite precipitation algorithms is essential for future algorithm de-
velopment. This is why many previous studies are devoted to the validation of sat-
ellite-based observations (e.g., Tian et al. 2009; Amitai et al. 2009; AghaKouchak 
et al. 2010b; Zhou 2008; Gochis et al. 2009; Yilmaz et al. 2005; Shen et al. 2010; 
Dinku et al. 2008; AghaKouchak et al. 2009; Liu et al. 2009; Sapiano and Arkin 
2009; AghaKouchak et al. 2012). For instance, Tian et al. (2009) analyzed the error 
of six high-resolution satellite products versus a gauge-based estimate, and reported 
regional and seasonal variations of error patterns in the contiguous US. They con-
clude that satellite products tend to overestimate rainfall in the summer and under-
estimate it in the winter. Sapiano and Arkin (2009) also confirmed that satellites 
overestimate summertime convective storms over the US. Using Volumetric False 
Alarm Ratio, AghaKouchak et al. (2011) showed that several satellite products ex-
hibit high false alarm rate for rainfall, especially at high quantiles of observation.

To investigate false alarms in satellite-based precipitation products, we con-
ducted a validation study to compare PERSIANN and TRMM TB42 precipitation 
data with ground based measurements. False Alarm Ratio (FAR) and Probability 
of Detection (POD) are calculated for the time period between 2005 and 2008 over 
the US. The FAR is the ratio of falsely identified rainy pixels to the total number of 
rainy pixels in satellite data, whereas the POD measures the fraction of observed 
precipitation that was correctly forecasted (the ratio of the total number of times that 
rainfall was correctly forecasted to the total number of observed rainy pixels (Wilks 
2006)). Figure 2.1 explains the definition of POD and FAR.

In the current study, the Stage IV radar-based multi-sensor precipitation esti-
mates (MPE), available from the National Center for Environmental Prediction 
(NCEP), are used as the reference data. The Stage IV precipitation data are adjusted 
for various biases using rain gauge measurements (Lin and Mitchell 2005) and are 
considered the best area approximation among the currently available area-average 
rainfall datasets (AghaKouchak et al. 2010a; AghaKouchak et al. 2010c, d). Stage 
IV data is aggregated into 0.25 degree spatial and 3 hourly temporal resolutions, 
which is the same as the PERSIANN precipitation data. Figure 2.2 shows the FAR 
and POD for: (a) the entire period of 4 years, (b) the summer and (c) the winter 
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seasons for the PERSIANN precipitation product (precipitation threshold is consid-
ered as 0.05 mm/h). Figure 2.2 reveals very high FARs over the central and western 
US and a lower FAR over the eastern US on average. Higher FAR is associated 
with presence of high cirrus clouds, especially in the winter. As discussed by Tian 
et al. (2009), PERSIANN data demonstrates higher FAR over the western US in the 
winter. The average POD is about 60 % over the central US and very low over the 
southwestern region. Low POD on the eastern and western side of the continent is 
associated with missed precipitation over these regions.

The missed precipitation may be caused by snow cover on the ground at higher 
latitudes or over the Rockies, and by the inability to catch warm rain processes or 
short-lived convective storms at lower latitudes, or maritime precipitation along the 
west coast (Tian et al. 2009).

Generally, probability of detection of satellite precipitation seems to be better 
during the summer seasons, perhaps due to a dominance of convective storms. On 
the other hand, the FAR is very high during the wintertime because of the presence 
of non-precipitating, high, cold clouds. Additionally, the presence of snow and ice 
on the ground and the inability of Passive Microwave (PMW) sensors to measure 
snowfall over snow or ice covered surfaces increase the error in satellite precipita-
tion estimations and result in higher FARs during the wintertime. Figure 2.3 shows 
the same results for Tropical Rainfall Measuring Mission (TRMM) Multi-satellite 
Precipitation Analysis (TMPA) 3B42 precipitation data. Overall, both datasets show 
higher false rain during the winter and better estimations during summertime. Fi-
nally, it is worth mentioning that radar coverage is limited over the western region 
of the US (with the very high false alarm shown in Fig. 2.2 because of beam block-
age in mountainous terrain). The Stage IV data has a large number of missing data 
over the Pacific Northwest region therefore, the precipitation data for this region is 
not included in the analysis.

In addition to calculation pixel-based false alarm, object-based approaches also 
show differences in precipitation estimations. For example, comparing different 
satellite-based precipitation patterns with the stage II radar-based precipitation pat-
tern shows how the satellite estimations differ from radar observations. Figure 2.4 
shows two satellite images that occurred at 0900 UTC 24 September 2005 during 
Hurricane Rita, with the spatial and temporal resolutions of 0.25 × 0.25 and 3 h [a: 
Tropical Rainfall Measuring Mission (TRMM) 3B42, Huffman et  al. (2007); b: 
PERSIANN, Sorooshian et al. (2000)]. Hurricane Rita was one of the most intense 
tropical cyclones that made landfall on the U.S. Gulf Coast. Notice that in panels 
a to c, only precipitation values above the 50th percentile threshold are considered 

Fig. 2.1   The definition of 
Probability Of Detection 
(POD) and False Alarm Ratio 
(FAR)
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Fig. 2.4   The TRMM, PERSI-
ANN and stage II precipitation 
pattern for rainfall rates above 
the 50th (a–c), 75th (d–f), 90th 
(g–i) percentiles

 

to avoid small rainfall rates. Panel c displays the corresponding stage II image. 
The stage II data provide estimates of precipitation using a combination of radar 
and rain gauge measurements. The data is available on the Hydrologic Rainfall 
Analysis Project (HRAP) grid, with a spatial resolution of approximately 4 km. The 
stage II data are aggregated in space to match the spatial resolution of TRMM and 
PERSIANN data. Panels d–f and g–i present similar figures for precipitation values 
exceeding the 75th and 90th percentiles, respectively. The domain of all figures 
includes 94 × 47 pixels, each being 0.25 × 0.25. With respect to the shape of patterns, 
the TRMM seem to be closer to the stage II data. However, for a higher threshold of 
75th and 90th percentiles, the pattern of PERSIANN precipitation is more similar 
to those of stage II. It should be noted that the above example is provided to show 
differences in the pattern of precipitation and should not be considered as validation 
of satellite precipitation data.
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