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Key Points: 10 

 The maturity of the Integrated Multi-satellitE Retrievals for Global Precipitation11 

Measurement for diurnal cycle analysis is demonstrated12 

 Ground validation suggests that the diurnal cycle has a slight lag of generally no more13 

than an hour14 

 The high resolution, global coverage and long record allows an unprecedented view of15 

diurnal cycle around the world16 
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Abstract 

This study demonstrates the maturing ability of the half-hourly precipitation estimates from the 

Integrated Multi-satellitE Retrievals for GPM (IMERG) for use in global analyses of the diurnal 

cycle. The refined intercalibration and interpolation between the sensors in V06 leads to greater 

consistency in the precipitation retrievals over different hours of the day. Evaluation against 

ground measurements suggests a slight lag in the diurnal phase of only +0.59 h. We demonstrate 

the diurnal cycle over different regions around the globe, including the Maritime Continent, 

where accurate representation of precipitation variability in global models remains a challenge. 

Using examples over Singapore, Bangladesh, and Lake Victoria, we reveal the intricate interplay 

between diurnal and seasonal variability. This study demonstrates the unprecedented capability 

of IMERG in capturing the diurnal cycle of precipitation globally, potentially advancing our 

understanding in regions of sparse ground measurements and supporting improvements in its 

representation in global models. 

Plain Language Summary 

Most people are familiar with afternoon thunderstorms in warm seasons or climates, which are a 

common feature of the diurnal cycle of rainfall. Over the central US in summer, storms are more 

likely in the middle of the night, while over ocean, rainfall tends to be highest in the early 

morning. To study the diurnal cycle and the interplaying factors that drive them, many studies 

have relied on satellite observations. Here, we demonstrate how refinements the latest NASA 

GPM gridded precipitation product, IMERG V06, can lead to improved reliability for studying 

diurnal cycles. With only a slight delay in time—an improvement over its predecessor—the 

IMERG diurnal cycle reveals the time of day when rainfall is heaviest in the Maritime Continent, 

a region in Southeast Asia where intricate coastlines and complex topography pose challenges to 

global models. With a high resolution, long record, and global coverage, IMERG can quantify 

the diurnal cycle of rainfall globally, from the small island of Singapore to the monsoon-

dominated Bangladesh to the sparsely measured Lake Victoria region in Africa. The maturing 

ability of IMERG V06 in depicting the diurnal cycle of precipitation gives new confidence in 

using these data for scientific studies. 

1 Introduction 

The diurnal cycle is one of the most prominent features of precipitation variability, 

reflecting not just the local convective heating but also dynamical interactions between different 

surface types and orography. Due to the challenges in representing such processes that span 

across multiple spatiotemporal scales, global numerical models often struggle to represent the 

diurnal cycle of precipitation accurately (e.g., Covey et al., 2016; Dai et al., 1999; Dai & 

Trenberth, 2004), especially in regions such as the Maritime Continent where intricate coastlines 

and topography accentuate the importance of local circulations between the land and the ocean 

(Peatman et al., 2014; Qian, 2008; Worku et al., 2019). In many regions, sparse sub-daily ground 

measurements limit our ability to characterize the local diurnal variability, especially over lakes 

and oceans. 

To overcome the limitation of sparse ground observations, some studies have used 

satellite-based precipitation products to examine the diurnal variability (e.g., Dai et al., 2007; 

Kikuchi & Wang, 2008; Watters & Battaglia, 2019; Worku et al., 2019). These products may be 

based on active microwave retrievals (e.g., radar), which are generally more accurate but have 61 



limited sampling, or merged passive microwave (PMW) and infrared (IR) retrievals, which have 62 

wider coverage and higher time resolution but possess greater uncertainty, including possible 63 

lags in diurnal phase. These studies generally find an afternoon peak over land and a morning 64 

peak over ocean, a more pronounced cycle over land, and a greater reliability in the phase than 65 

amplitude. 66 

This study uses the IMERG V06 Final run product to examine the diurnal cycle of 67 

precipitation, with the goal of demonstrating this dataset’s maturing capability to advance our 68 

understanding of diurnal variability globally and provide a basis for improving the representation 69 

of the diurnal cycle in global models. Evaluation of earlier versions of IMERG suggested a lag in 70 

phase but greater uncertainty in amplitude, with the precipitation amount better represented than 71 

frequency and conditional precipitation rate (Li et al., 2018; Mayor et al., 2017; O & Kirstetter, 72 

2018; Oliveira et al., 2016; Tang et al., 2016). Compared to previous V05, IMERG V06 73 

possesses improved intercalibration and interpolation (Tan et al., 2019), leading to increased 74 

confidence in its representation of the diurnal cycle. We will illustrate the improvement over 75 

V05 and compare it with ground observations to quantify a residual lag in the diurnal cycle. We 76 

will apply IMERG to several regions to reveal the intricate dependence of diurnal cycle on the 77 

local conditions, possible even over small areas by virtue of the fine spatial resolution and robust 78 

due to the long record. 79 

2 Data and Methods 80 

IMERG is the US merged satellite gridded precipitation product from the Global 81 

Precipitation Measurement (GPM) mission that unifies observations from a network of partner 82 

satellites in the GPM constellation (Huffman, Bolvin, Braithwaite, et al., 2019; Huffman, Bolvin, 83 

Nelkin, et al., 2019; Precipitation Processing System, 2019a). Precipitation estimates are 84 

provided at 0.1° grids every half-hour, between 60° latitudes for V05 and globally for V06. The 85 

record for IMERG V05 begins in March 2014, while IMERG V06 extends this record back to 86 

June 2000 (eventually to January 1998). IMERG has three runs—Early, Late, and Final—to 87 

accommodate different user requirements for latency and accuracy. This study uses the gauge-88 

adjusted estimates from the Final runs of IMERG V05B and V06B, the latest versions of V05 89 

and V06 respectively. 90 

IMERG uses precipitation estimates derived from PMW sensors. The PMW precipitation 91 

estimates are derived primarily from the Goddard Profiling algorithm (Kummerow et al., 2001, 92 

2011, 2015; Precipitation Processing System, 2017), a fully-parametric retrieval algorithm that 93 

estimates the surface precipitation rate from the PMW brightness temperature using a Bayesian 94 

approach conditioned upon surface classes, surface temperature, and total precipitable water. 95 

This retrieval algorithm is used for all PMW sensors except Sondeur Atmosphérique du Profil 96 

d’Humidité Intertropicale par Radiométrie (SAPHIR), which uses the Precipitation Retrieval and 97 

Profiling Scheme (Kidd, 2019; Precipitation Processing System, 2019b). The PMW estimates are 98 

gridded to 0.1° every half-hour, and quasi-Lagrangian interpolation (known as “morphing”) is 99 

applied to the gridded estimates to fill in gaps in the field using motion vectors computed from 100 

total precipitable water vapor from numerical models in V06 and from geosynchronous IR 101 

brightness temperatures in V05. The morphed precipitation is further supplemented, via a 102 

Kalman filter approach following Joyce and Xie (2011), with microwave-calibrated IR 103 

precipitation estimates using the Precipitation Estimation from Remotely-Sensed Information 104 

from Artificial Neural Networks-Cloud Cluster System algorithm (Hong et al., 2004; Nguyen et 105 
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al., 2018). IMERG masks PMW and morphed estimates over frozen surfaces as depicted in the 

NOAA AutoSnow product (Romanov et al., 2000), resulting in the use of IR precipitation within 

60°N/S and missing values at high latitudes. The merged satellite estimates are then calibrated by 

and merged with the Full and Monitoring surface gauge analyses from the Global Precipitation 

Climatology Centre (Schneider et al., 2014, 2015) following the approach employed by Huffman 

et al. (2007) for the Tropical Rainfall Measuring Mission (TRMM) Multisatellite Precipitation 

Analysis (TMPA). 

IMERG estimates are provided in UTC time. To obtain the mean precipitation rate as a 

function of local solar time (LST), we first compute the mean precipitation rate at each half-hour 

over a period sufficiently long to average out other modes of variability. We then convert the 

UTC time to LST time based on its longitude (ranging from −180° to +180°): LST hour = UTC 

hour + longitude / 15, where the factor 15 represents the degree-longitude distance in an hour 

and LST is rounded to the nearest half-hour. 

To filter out noise and other possible modes of sub-daily variability in some of the 

analyses, we utilize a low-pass filter on the mean precipitation rates as a function of LST. This is 

especially useful if the precipitation rates are noisy, which is typical for fine-scale estimates. 

Each use of the low-pass filter will be explicitly mentioned. The low-pass filter is achieved by 

applying a fast Fourier transform, discarding components with frequencies above two cycles per 

day, and inverting it back. This approach extracts the mean value, the diurnal cycle, and the 

semidiurnal cycle, a process equivalent to a least square fit to the first and second harmonics 

(Dai, 2001; O & Kirstetter, 2018). 

3 Improved Intersensor Calibration 

The PMW observations used in IMERG are provided by a host of different sensors on 

board various satellite platforms. Due to vastly differing sensor properties, such as scan 

strategies (conical versus cross-track), frequency channels, and footprint sizes, two sensors 

viewing the same precipitation system may give different precipitation estimates even when the 

same retrieval scheme is applied. While resolving instantaneous (i.e., random) differences 

remains a major challenge, the intercalibration applied in IMERG is intended to remove the 

mean (i.e., systematic) differences. This is especially pertinent in this study because most of 

these satellite platforms fly in sun-synchronous orbits, so they observe precipitation at the same 

two local times each day, although these times may change over the years due to satellite drift. 

Therefore, when we analyze the diurnal cycle by averaging the precipitation rate at different 

half-hours, any imperfections in the satellite intercalibrations will introduce artificial (i.e., 

instrument-induced) diurnal variability. 

IMERG uses the Ku-band Combined Radar and Radiometer (CORRA) product as the 

reference standard for calibration, with seasonal climatological adjustments to the Global 

Precipitation Climatology Project V2.3 product (Adler et al., 2003, 2016) to control for known 

deficiencies at certain latitudes. Ideally, all sensors would be directly calibrated to CORRA, but 

coincident sampling is too sparse for partner sensors due to orbit characteristics and the narrow 

swath of the CORRA estimates. Instead, the intercalibration is performed in two steps. First, 

mean values of gridded partner sensors are adjusted to the GPM Microwave Imager (GMI) or 

TRMM Microwave Imager (TMI) for the GPM and TRMM eras, respectively, using static 

seasonal calibrations based on one year of coincident estimates. Second, GMI/TMI is calibrated 

to CORRA using dynamic 45-day calibrations updated every 5 days, and this calibration is also 149 



applied to the GMI/TMI-calibrated partner sensors. In V05, assumptions were made regarding 150 

sensor characteristics, so only the Special Sensor Microwave Imager/Sounder sensors were 151 

calibrated to GMI in the first step. For more details, see Huffman, Bolvin, Braithwaite, et al. 152 

(2019). 153 

To compare the magnitudes of artificial diurnal variability, we show the mean 154 

precipitation rate from IMERG V05B and V06B as a function of LST over the Southern Ocean 155 

latitudes (40–60°S) in Figure 1, limited to the period between December 2014 and February 156 

2015 to minimize effects of satellite drift. Absent station-keeping, the satellite would drift, 157 

gradually changing the LST hour of a sun-synchronous sensor overpass, which—while desirable 158 

for analysis of the diurnal cycle—would limit our ability to isolate the effects of intersensor 159 

differences and interpolation. In this region, actual diurnal variability is relatively muted, so any 160 

high frequency variation across the LST is likely attributable to deficiencies in intercalibration. 161 

Indeed, V05B and V06B display variations across the LST, but this variability is reduced in 162 

V06B. In particular, the spikes in the mean precipitation rate associated with the MHS, which 163 

may be misinterpreted as semidiurnal signals, are reduced considerably. This improved 164 

instrumental consistency is also evident in other regions (Figure S1). Therefore, the improved 165 

intercalibration in V06B allows for a more consistent precipitation retrieval over different times 166 

of the day for diurnal cycle analysis. 167 

In addition, IMERG V06 introduced a morphing scheme based on total precipitable water 168 

vapor from numerical models, which tests show to be an improvement over the previous IR-169 

based scheme, especially in these Southern Ocean latitudes (Tan et al., 2019). In terms of its 170 

impact on diurnal cycle, this will lead to less artificial variability during times that are only 171 

occasionally sampled by non-sun-synchronous PMW satellites such as GMI. Indeed, from LST 172 

hour 10 to 13 when there is a long gap between successive sun-synchronous PMW overpasses, 173 

the mean precipitation rate in V06B is constant (Figure 1). In contrast, the mean precipitation 174 

rate in V05B has considerable variability, including a minimum at hour 12. Hence, the new 175 

morphing scheme creates a more consistent precipitation rate between PMW observations 176 

through a smoother interpolation.  177 

4 Evaluation of the IMERG V06 Diurnal Cycle 178 

Ground validation of diurnal variability for satellite-based precipitation products often 179 

identifies a lag in phase. Here, we use a version of the Multi-Radar Multi-Sensor (MRMS)—a 180 

US radar- and gauge-based product—processed for GPM ground validation (Kirstetter et al., 181 

2012, 2014, 2015) to evaluate the diurnal cycle in IMERG. Figure 2a and b examines the diurnal 182 

phase by showing the LST time of the peak in the low-pass filtered mean precipitation rate 183 

between IMERG and MRMS, respectively, for June-July-August from 2014 to 2018. Broadly 184 

speaking, the times of the diurnal peak in precipitation are comparable. In particular, the 185 

eastward propagation of nocturnal mesoscale convective systems in the central US—a distinctive 186 

feature of summertime precipitation in this region (e.g., Carbone & Tuttle, 2008)—is well 187 

captured by IMERG. Likewise, IMERG identifies the conspicuous afternoon peak in 188 

precipitation in the southeastern US, a region with a prominent diurnal cycle of convection 189 

amidst a general absence of strong orography. In the Gulf of Mexico near the coast, IMERG is 190 

able to discern the late morning peak in precipitation due to near-surface wind convergence 191 

(Virts et al., 2015). In the southwestern US, there is a distinct lag in the peak time of IMERG, 192 



though the aridity of this region may limit the robustness of this result due to weaker diurnal 193 

variability. 194 

Focusing on the southeast US due to its strong diurnal cycle and reliable radar coverage, 195 

Figure 2c shows the histogram of the difference in peak times between IMERG and MRMS of 196 

the grid boxes in the region outlined in Figure 2a and b. The majority of the pixels are distributed 197 

near zero with a small offset towards the positive. The mean difference in peak time between 198 

IMERG and MRMS is +0.59 h, with a median of +0.5 h and an interquartile range of 0 h to +1.0 199 

h. This indicates that IMERG peaks at a time close to MRMS but with a slight lag, though no200 

more than an hour for at least half the points. A similar analysis for the central US nocturnal201 

convection showed a comparable lag (Figure S2). Such a lag can be attributed to the delay in the202 

falling hydrometeors at the level of the ice-scattering signal aloft as observed by the PMW203 

sensors to the surface (e.g., Tan et al., 2018; You et al., 2019). This result contrasts with IR-204 

based precipitation, which has a higher mean lag of +1.48 h (Figure S3), likely because IR205 

observes the cloud tops that are at a higher altitude. In fact, the legacy TRMM multi-satellite206 

precipitation product, TMPA, typically possesses a larger diurnal lag (e.g., Kikuchi & Wang,207 

2008), which is partly due to its greater IR contribution and exacerbated by its coarser time208 

resolution of 3 h. While IMERG uses IR precipitation, the contribution is much lower than in209 

TMPA due to the use of morphing for interpolating between PMW observations, so the lag210 

largely reflects the lag of PMW retrievals.211 

The discussion in this section thus far focused on diurnal phase; Figure 2d includes an 212 

assessment of the diurnal amplitude by showing the mean precipitation rate of the same 213 

southeastern states as Figure 2c. Apart from the slight lag, IMERG also underestimates the 214 

amplitude of the mean precipitation rate in this region compared to MRMS, consistent with the 215 

results of O and Kirstetter (2018) and Figure S4, both of which conversely also observed 216 

overestimation in other regions. Given that the mean precipitation rate is lower in IMERG than 217 

in MRMS at most times of the day in Figure 2d, this suggests that the gauges used in the IMERG 218 

bias adjustment may be underestimating the amount of precipitation. Since the gauge adjustment 219 

technique is identical between V06B and previous versions, we refer readers to O and Kirstetter 220 

(2018) for a more comprehensive evaluation of diurnal amplitude. Figure 2d also includes both 221 

the unfiltered and low-pass filtered precipitation rates, which indicate that the low-pass filter may 222 

modify the diurnal amplitude but not the phase (Watters & Battaglia, 2019). The mean IMERG 223 

precipitation rates over different years vary in diurnal amplitude to some degree, but the diurnal 224 

phase is generally consistent (Figure S5). 225 

5 Global Diurnal Cycle 226 

The general consistency of the IMERG diurnal phase against ground observations, with a 227 

slight lag of generally no more than one hour, encourages us to examine IMERG in other regions 228 

of the world with strong diurnal cycles. One such region is the Maritime Continent, where the 229 

intense tropical heating and complex coastlines result in an intricate diurnal pattern that is often 230 

challenging for global weather and climate models to represent accurately (e.g., Gianotti et al., 231 

2012; Neale & Slingo, 2003; Qian, 2008). 232 

Figure 3 shows the time of the peak in the low-pass filtered mean IMERG precipitation 233 

rate over the Maritime Continent for March-April-May (MAM) of 2001–2018, a season selected 234 

for the lack of monsoon precipitation that would otherwise reduce the prominence of the diurnal 235 

variability. The diurnal cycle is distinct over land but noisier over oceanic areas far from land, a 236 
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reflection of the weaker influence of convection over ocean compared to other factors, including 

artificial diurnal variability (Figure 1). Precipitation reaches a peak in the afternoon over land 

near the coast, and in the late afternoon or evening further inland. Over ocean, maximum 

precipitation occurs around midnight close to the shore, and in the morning further offshore. This 

is consistent with other studies using active retrievals and ground observations (e.g., Mori et al., 

2004). The time of peak precipitation over different surface type varies as a function of the 

distance from the coast, indicating the importance of land-sea breezes and gravity waves in 

modulating precipitation in this region (e.g., Birch et al., 2016; Hassim et al., 2016; Sato et al., 

2009; Yokoi et al., 2017). While previous studies have used products such as TMPA to probe the 

diurnal cycle in the Maritime Continent (e.g., Kikuchi & Wang, 2008; Rauniyar et al., 2017; 

Worku et al., 2019), the lower lag and higher time resolution of IMERG reveals a more intricate 

and refined picture of diurnal phase. 

The high spatial resolution of IMERG allows us to study regions of limited area, and its 

long record enables us to construct a robust diurnal profile by increasing the number of 

observations. To illustrate this capability, we plot the mean precipitation rate over Singapore 

(Figure 4a), where only the centers of three grid boxes fall within its boundary (see Text S1 on 

method and Figure S6 on boundary). While there is still some noise in the mean precipitation 

rate, the diurnal variability is clear. The afternoon peak in convection is evident across all four 

seasons. Furthermore, for September-October-November (SON), there is a secondary peak in the 

morning, which is likely caused by the eastward propagating Sumatra Squalls (Lo & Orton, 

2016). Seasonal variability over Singapore is weak, with only the precipitation rates of June-

July-August (JJA) being appreciably lower due to the dry southwesterly monsoon. 

As a contrast to this strong diurnal variability, Figure 4b shows the mean precipitation 

rate over Bangladesh (Figure S7), a subtropical Asian country but with a markedly different 

climatology. Here, diurnal variability is more subdued; instead, there is a very strong seasonal 

cycle associated with the monsoon. Unlike the southwesterly monsoon in Singapore, which is 

dry due to the mountains in Sumatra, the southwesterly monsoon arrives in Bangladesh 

unimpeded from the Indian Ocean in JJA, producing copious rainfall throughout all times of the 

day with two distinct peaks (Islam & Uyeda, 2006). In contrast, the northeasterly monsoon 

originating from the Asian continent is dry and suppresses precipitation in December-January-

February (DJF). 

One key advantage of satellite-based precipitation products such as IMERG is their 

ability to provide estimates over water, where surface observations are sparse and infrequent. 

Figure 4c shows the mean precipitation rate over Lake Victoria (Figure S8), the largest of the 

African Great Lakes, where there is both diurnal variability and seasonal variability. In JJA, the 

Intertropical Convergence Zone migrates northwards away from the region, leading to less 

precipitation over the lake. Precipitation is greater in other seasons, with the heaviest rainfall 

occurring in MAM. In terms of diurnal variability, precipitation is greatest in the morning driven 

by land-lake breeze, evaporation, and katabatic winds originating from surrounding topography 

(Anyah et al., 2006; Thiery et al., 2015). However, in MAM, the timing of peak precipitation 

shifts several hours earlier in the morning, with substantial precipitation falling in the hours 

before midnight. 278 
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6 Conclusions 

This study demonstrated the maturing ability of the improved IMERG in depicting the 

diurnal cycle of precipitation around the world. An analysis over the Southern Ocean showed 

that the improved intercalibration and interpolation in V06 reduced artificial diurnal variability 

compared to V05. Evaluation against US ground observations shows broad agreements and 

suggests a slight lag in the diurnal phase—but generally no more than an hour—and regional 

differences in the diurnal amplitude. Applying IMERG to the Maritime Continent revealed an 

intricate pattern in the time of the day that the precipitation peaks and thus the importance of 

land-sea breezes in modulating diurnal variability. Analyses leveraging the fine resolution and 

long record of IMERG over Singapore, Bangladesh, and Lake Victoria illustrated the interplay 

between diurnal and seasonal cycles, exemplifying the unprecedented ability of IMERG in 

capturing the diurnal variability of precipitation globally. 

In the comparison against ground observations, the 0 to +1 h lag in diurnal phase of 

IMERG over land is an improvement over the longer lag in TMPA, primarily due to the 

increased contribution from PMW and use of morphing, though the former advantage diminishes 

in the earlier IMERG record. This improvement in lag is consistent with other studies (e.g., 

Dezfuli et al., 2017; O & Kirstetter, 2018) and its magnitude is similar to the +40 min offset in O 

et al. (2017) and the +30 min lag in You et al. (2019). On the other hand, over ocean, PMW 

retrievals rely on the emission signal of both the solid and liquid hydrometeors, with the latter 

being closer to the surface. Therefore, we expect any lag due to fall delay in the diurnal phase of 

IMERG over the ocean to be even lower than the average of +0.59 h over southeastern US. 

Accurate representations of diurnal cycles of precipitation by global weather and climate 

models generally remain an ongoing goal. At the same time, sparse sub-daily ground 

observations limit our ability to understand the diurnal cycles in many regions around the world. 

The results in this study suggest that IMERG has the potential to advance our understanding in 

regions of sparse ground measurements and complement ongoing efforts to improve its 

representation in global models (Covey et al., 2016; Tapiador et al., 2017, 2019; Xie et al., 

2018). 
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Figure 1. Number of observations for sun-synchronous PMW sensors (top) and mean 524 

precipitation rate for IMERG V05B and V06B (bottom) as a function of LST hour from 525 

December 2014 to February 2015 over the Southern Ocean latitudes (40–60°S), where actual 526 

diurnal variability should be minimal. 527 

Figure 2. The LST hour of the peak in low-pass filtered mean precipitation rate at every 0.1° 528 

over the conterminous United States during June-July-August from 2014 to 2018 in (a) IMERG 529 

and (b) MRMS; (c) the histogram of the difference in the peak LST hour for grid boxes in the 530 

outlined southeastern US states; and (d) unfiltered (black) and low-pass filtered (gray) mean 531 

precipitation rates of the outlined southeastern US states in IMERG (solid line) and MRMS 532 

(dashed line) as a function of LST. 533 

Figure 3. The LST hour of the peak in low-pass filtered mean precipitation rate of IMERG at 534 

every 0.1° over the Maritime Continent during March-April-May from 2001 to 2018. 535 

Figure 4. Mean precipitation rate during different months of the year for (a) Singapore, (b) 536 

Bangladesh, and (c) Lake Victoria in Africa from 2001 to 2018. 537 
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and augment some of the statements in the text.  

 

 

Text S1. 

The IMERG grid boxes were identified with Singapore, Bangladesh, and Lake Victoria (Figures 
S5–7) using Esri shapefiles, determined by whether the coordinates of the center of the grid box 
falls within the boundary of the geometrical polygon. For Singapore, the shapefile used was 
from the Urban Redevelopment Authority Master Plan 2014 Planning Area Boundary (No Sea) 
dataset. For Bangladesh, the shapefile used was from the ArcGIS Countries WGS84 dataset. For 
Lake Victoria, the shapefile used was from the Natural Earth lakes dataset. 
 
In the case of Singapore, the grid boxes north and south of the three selected ones (Figure S2) 
have a substantial fraction of their area within the boundaries of Singapore as well as in the 
neighboring Malaysia and over the water.. While it can be argued that these grid boxes should 



 

 

2 

 

be identified in an analysis over Singapore, we excluded them in this study because of our 
intention in demonstrating the capability of IMERG in analyzing regions of very limited extent. 
 
 

 
Figure S1. Similar to Figure 1, but over the northeast Pacific (180–130°W, 30–50°N) in June-
July-August of 2014. 
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Figure S2. Similar to Figure 2, but over the central US states. For the difference in diurnal peaks 
(c), the mean is +0.33 h, the median is +0.5 h, and the interquartile range is −0.5 h to +1.0 h. 
 
 

 
Figure S3. Similar to Figure 2, but for IR precipitation in the IMERG files instead of gauge-
adjusted precipitation. For the difference in diurnal peaks (c), the mean is +1.48 h, the median is 
+1.5 h, and the interquartile range is +1.0 h to +2.0 h. 
 
 

 
Figure S4. The normalized diurnal amplitude of (a) IMERG and (b) MRMS, expressed as the 
difference between the difference between the maximum and minimum low-pass filtered 
precipitation rate divided by its mean at each grid box. 
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Figure S5. Low-pass filtered mean precipitation rates of the southeastern US states (outlined in 
Figure 2a and 2b) in IMERG as a function of LST over every two-year period in the IMERG 
record. 
 
 

 
Figure S6. Center of IMERG grid boxes (dots) falling within the land boundary of Singapore. n 
indicates the total number of grid boxes. 
 
 



 

 

5 

 

 
Figure S7. Similar to Figure S5, but for Bangladesh. 
 
 

 
Figure S8. Similar to Figure S5, but for Lake Victoria in Africa.   
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