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Abstract

:

This paper describes the initial results of precipitation estimates from the Time-Resolved Observations of Precipitation structure and storm Intensity with a Constellation of Smallsats (TROPICS) Millimeter-wave Sounder (TMS) using the Precipitation Retrieval and Profiling Scheme (PRPS). The TROPICS mission consists of a Pathfinder CubeSat and a constellation of six CubeSats, providing a low-cost solution to the frequent sampling of precipitation systems across the Tropics. The TMS instrument is a 12-channel cross-track scanning radiometer operating at frequencies of 91.655 to 204.8 GHz, providing similar resolutions to current passive microwave sounding instruments. These retrievals showcase the potential of the TMS instrument for precipitation retrievals. The PRPS has been modified for use with the TMS using a database based upon observations from current sounding sensors. The results shown here represent the initial postlaunch version of the retrieval scheme, as analyzed for the Pathfinder CubeSat launched on 30 June 2021. In terms of monthly precipitation estimates, the results fall within the mission specifications and are similar in performance to retrievals from other sounding instruments. At the instantaneous scale, the results are very promising.
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1. Introduction


The retrieval of precipitation from satellite-based sensors relies primarily upon visible, infrared (IR), passive, and active microwave instrumentation. Visible and IR techniques are capable of providing estimates of precipitation at relatively fine temporal and spatial scales from geostationary (GEO) and low Earth orbiting (LEO) platforms, but such estimates are indirect since they depend upon relationships between the cloud-top characteristics and precipitation at the surface [1]. Passive microwave (PMW) observations are more direct since hydrometeors are the main source of atmospheric attenuation and scattering [2]. However, since PMW sensors only occupy LEOs, multiple sensors are required to provide sufficient temporal and spatial coverage of the globe. While the active microwave instruments undoubtedly provide the most direct measure of satellite-based precipitation, such spaceborne observations are currently confined to the Global Precipitation Measurement (GPM) mission’s Dual-frequency Precipitation Radar (DPR) [3] and the CloudSat Cloud Profiling Radar (CPR) [4,5], and therefore provide limited observations in time and space.



While much work has been done on the extraction of precipitation information from PMW imaging sensors, less work has been concentrated upon retrievals from PMW sounding instruments [6,7]. The imaging sensors rely upon the window channels within the microwave section of the spectrum and are typically conically scanning systems, while the latter concentrate primarily upon the microwave absorption bands and are generally cross-track sensors. The inclusion of cross-track sounding instruments is critical for precipitation estimation since they provide additional observations to meet the necessary sampling requirements for precipitation measurements [8,9]. Furthermore, they provide sensors that can be operated on smaller satellite platforms, which reduces mission costs. The latter have been demonstrated on a number of missions, the latest of which, the Time-Resolved Observations of Precipitation structure and storm Intensity with a Constellation of Smallsats (TROPICS) [10], provides observations from a sensor onboard a 3U CubeSat.



This paper outlines the TROPICS mission together with a description of the retrieval scheme for the TROPICS Millimeter-wave Sounder (TMS). Initial results of the at-launch retrieval scheme are presented together with validation of these against the Integrated Multi-satellitE Retrievals for GPM (IMERG) global precipitation product [11] and the Multi-Radar/Multi-sensor System (MRMS) [12] surface precipitation over the US.




2. The TROPICS Mission


2.1. The TROPICS CubeSats


The TROPICS mission aims to provide rapid-refresh PMW measurements 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 [10]. TROPICS comprises an initial Pathfinder CubeSat (as illustrated in Figure 1) in a polar orbit launched on 30 June 2021 that will be followed by a constellation of six CubeSats in three low-inclination low Earth orbits in mid-2022. The configuration of this constellation will provide a median revisit time of about 50 min.



This observing system offers an unprecedented temporal resolution to measure the atmospheric environment and inner-core conditions of tropical cyclones over the entire Tropics and represents a profound leap forward in the temporal resolution of several key parameters needed for a detailed study of high-impact meteorological events. TROPICS will demonstrate that a CubeSat constellation approach to Earth science can serve as a model for future missions by providing improved resolution, configurable coverage (Tropics, near global, or global), flexibility, reliability, and launch access at a low cost [10].




2.2. The TROPICS Millimeter-Wave Sounder (TMS)


The TMS provides observations across a 2200 km swath (distance between the center points of the first and last footprints) with a symmetrical scan pattern (i.e., equal number of field of views (FOVs) each side of nadir) with each scan line providing 81 scan positions, with about 2860 scan lines per orbit. The radiometer provides integrated field of views with elongated footprints in the cross-track direction: the quoted spatial resolution is the geometric mean of the minor and major axes of the ellipse projected on the Earth (and also accounting for Earth curvature). Being a cross-track sensor, the finest resolution is at nadir at about 17 km for the 183–204.8 GHz channels, and 27 km for the 91.55–118 GHz channels. The instrument observes the Earth and atmosphere with channels primarily around the 118 GHz oxygen and 183.31 GHz water vapor bands, together with two channels at 91.655 and 204.8 GHz. Frequencies around 91.655 and 183.31 GHz have a good history of being utilized for precipitation retrievals, responding to liquid water (91.655 GHz) and the scattering of upwelling radiation by the ice particles within precipitating weather systems [6]. The addition of the 204.8 GHz extends this capability by improving the identification and classification of ice particles. While the 114–118 GHz (oxygen) channels relate primarily to temperature profiles of the atmosphere, these too can be potentially used for precipitation retrievals [13] and may allow the delineation of liquid/frozen precipitation.



Table 1 below shows the channel characteristics together with similar channels from other PMW sensors: the TMS shares common channels around 89 and 183.31 GHz with the Advanced Technology Microwave Sounder (ATMS), the Microwave Humidity Sounder (MHS), and the GPM Microwave Imager (GMI), while the Microwave Humidity Sounder-2 (MWHS-2) provides the greatest number of similar channels. The 204.8 GHz channel provides observations at a new, higher frequency than current PMW instruments.



An example of the imagery that can be obtained from the TMS is shown in Figure 2, which shows an overpass of Hurricane Sam by the Pathfinder satellite on 27 September 2021 at 17:49 UTC. These observations show that scattering by hydrometeors is evident across all channels, as can be seen over the land areas of South America at the bottom of the set of images. Scattering over the oceans becomes more evident at the higher frequencies. Indeed, the range of scattering signals is particularly interesting at 184.41 through 204.80 GHz: the former indicates areas of high/deep hydrometeor concentrations, while the latter corresponds to the upper-level hydrometeor concentrations. Furthermore, the surface background becomes increasingly opaque at frequencies of 114.50 GHz to 118.58 GHz due to the effect of the O2 absorption bands. Clearly, there is information within the observations that are precipitation related: the key challenges are to identify the areas/extent of precipitation along with the intensity of the precipitation.




2.3. Algorithm Considerations


The ability to retrieve precipitation from any sensor depends upon the range of channels available, the latter also determining the relationship between the observed brightness temperatures (Tbs) and surface precipitation. The most capable sensors provide observations over a large frequency range to address the range of precipitation characteristics and background surface types that might be observed. At the TMS frequencies (91.655–204.8 GHz), the observations relate primarily to ice particles, water vapor, and/or temperature profiles at the middle-to-upper levels of the atmosphere, rather than precipitation at the surface. The 183.31 GHz channels, while sensitive to emissions from water vapor in the cloudless atmospheric column, are also sensitive to the scattering of upwelling microwave radiation by ice particles in cloud and/or precipitation systems, the latter of which is exploited here to identify precipitation. The 114–118 GHz (O2) channels respond to atmospheric temperature profiles since these channels are sensitive to oxygen: these channels offer the prospect of being able to identify not only precipitation, but also potentially the phase of the precipitation near the surface [13]. The outlying channels at 91.655 and 204.8 GHz provide a good contrast between a common-used window channel and a high-frequency channel that is very sensitive to hydrometeor-sized ice particles. Nevertheless, it should be reiterated that the amount of scattering by ice identified at these frequencies is not necessarily directly related to surface precipitation. Furthermore, high amounts of water vapor in the atmospheric column above clouds or a precipitation layer may negate any precipitation-related Tb depression related to scattering. Despite this issue, precipitation retrievals are still feasible from these channels since surface precipitation rates and ice scattering signals are still strongly correlated in most convective systems.





3. Retrieval Scheme


The at-launch version of the TROPICS Precipitation Retrieval and Profiling Scheme (PRPS) utilized here is designed to provide a best estimate of precipitation based upon a priori Tb-to-precipitation relationships derived from other satellite sensors. It is anticipated that later versions will utilize matchups between the TMS observations and the GPM DPR to inform and improve these a priori relationships. This approach fulfills in part the role of GPM (and its predecessor, the Tropical Rainfall Measuring Mission, TRMM), in which the core observatory acts as a calibrator of precipitation retrievals for the international constellation of passive microwave instruments. In doing so, the retrievals from the partner constellation sensors are able to provide greater temporal sampling and spatial coverage than is possible from the GPM satellite alone. However, limitations of the core satellite instruments will be transferred through this retrieval scheme’s products. The availability of observations from the TROPICS Pathfinder mission is key to the further development and testing of the retrieval scheme prior to the launch of the TROPICS constellation in mid-2022.



3.1. Algorithm Overview


The PRPS is described in detail in [6,14]. A fundamental design of the PRPS is the independence from any dynamic ancillary datasets (e.g., atmospheric or surface temperature from model reanalysis and other satellite products); that is, the retrieval is based solely upon the satellite radiances linked to precipitation rates through a static a priori database and associated index file. This independence is advantageous when generating products across time scales from near real-time (inaccessibility to dynamic ancillary data, such as model data) to climatological scales (circumventing possible changes or trends in the ancillary data).




3.2. Input Data


Three data inputs are required for the PRPS:




	(i)

	
An a priori database consisting of (a minimum of) Tb radiances and associated precipitation rates;




	(ii)

	
A database index (defined below);




	(iii)

	
Level 1 satellite observations (Tbs).









The prelaunch TROPICS PRPS database comprises an observation database based upon GPM DPR vs. ATMS matches by utilizing the four matching channels between the TMS and ATMS, as shown in Table 1.



3.2.1. Observational a Priori Database


The observational a priori databases used for the PRPS retrievals are derived from coincident observations made by the GPM DPR (or TRMM Precipitation Radar: RMSEPR) and each respective sensor. Since observations from TROPICS only became available after the launch of the Pathfinder satellite and are presently somewhat limited in number, an observational database has been generated using DPR–ATMS matchups, albeit using only the four corresponding channels, as shown in Table 1. To generate the database, the orbital tracks of the DPR and the ATMS are first analyzed to find crossing locations that occur within 5 min of each other. These crossing points are then used to find coincident DPR and ATMS measurements (see Kidd et al. [14]). The DPR observations are averaged over a 3 × 3 window, the center of which is coaligned with the ATMS footprint, thus providing a resolution of about 16.2 × 16.2 km (compared with 15.88 × 15.88 km best resolution of the ATMS at nadir and 17 × 17 km of the high-frequency channels of the TMS).




3.2.2. Database Index


To expedite the retrieval process in real time, the a priori databases are indexed based upon the two channels showing the greatest variance with each other. In this case, channels 1 and 9 (see Table 1) are used, although the channels are not necessarily critical since they are only used to provide a first guess. The index file describes the start and end point of the entries in the database array for a particular two-channel Tb combination, together with the number of entries for that combination. Accessing the relevant entries in the database is therefore merely looking up the starting entry [start(Tb1,Tb2)] and ending entry [end(Tb1,Tb2)]. To ensure that sufficient database entries are available for the retrieval, a search radius is set (within the Tb1-Tb2 space) to obtain a minimum of 10,000 database entries. This approach provides a computationally efficient retrieval scheme.




3.2.3. Level 1 Data


Key information from the level 1 sensor input data (see Leslie et al. [15]) includes: (i) date and time for each scan line (passed from the level 1 files directly to the level 2B output); (ii) geolocation (lat/lon) data; (iii) level 1 Tb data used in the generation of the retrieval; (iv) the “line-of-sight earth intersection longitude”; and (v) the level 1 quality flag, used to determine whether the data are within acceptable limits, with periods of solar/lunar intrusion, active maneuver, and hot/cold calibrations being excluded.





3.3. Processing Outline


The processing stages are relatively straightforward and follow a sequential order of quality check, precipitation retrieval, error estimation, and the generation of the “fit” of the retrieval.



3.3.1. Quality Check


All output data, including the quality check array, are set to “missing value” by default. If a scan/position exists, then it is assumed that the retrieval is potentially good, and the quality flag is set to zero. Tests are then undertaken to check that the input Tbs for each channel lie between 75 and 325 K; if one or more channel Tb lies outside of this range, this is reflected in the retrieval quality flag, thus indicating that an issue has been detected. The geolocation data are also checked along with the nadir viewing angle, the latter indicative of any spacecraft maneuvers. Finally, the level 1 quality flags are checked, and if relevant bits are set, then the level 2 flag reflects the quality flag status.




3.3.2. Precipitation Retrieval


The database index file is initially interrogated to establish the start and end positions within the database, together with the search radius associated with a particular two-channel Tb combination. Each database entry within the specified range is compared with the observed Tbs and the Euclidian distance calculated in Tb space. The six closest database entries (together with the associated DPR precipitation rate) are selected from the database. When the database search has finished, the six rain rates are then processed to generate the mean rain rate, together with measures of “error” and “fit”. The “error” is the root mean squared error (RMSE) of the six selected rain rates; thus, if all six of the entries are similar, then a low error estimate is generated, while if the entries are disparate, a large error estimate is generated. The measure of the fit is the RMSE of the observed Tbs–database Tbs to provide a measure of confidence in the representativeness of the retrieval. In addition, the most likely precipitation (the closest observation–database fit) is returned, along with its Euclidian distance and the associated surface type from the database.




3.3.3. Scan Position Correction


Since the TMS is a cross-track sensor, each scan position has different resolutions, atmospheric path lengths, and Earth incidence angles. With no correction, the retrieved values of precipitation will vary according to the scan position. Following the operational version of the PRPS retrieval scheme for Sondeur Atmospherique du Profil d’Humidite Intertropicale par Radiometrie (SAPHIR) [14], a similar correction methodology is applied to the TMS retrievals. Since the scan angle is included in both the database and the observations, only the database entries that have the same or similar scan angles to that of the observations are considered in the retrieval. This ensures that the characteristics of the resolution, incidence angle, and atmospheric path are passed through from the database to the retrieval. In addition, the algorithm is designed to generate instantaneous estimates of precipitation at a constant resolution regardless of scan position, an approach adopted in [16].





3.4. Output Data


The TROPICS precipitation product, therefore, includes the date and time, geolocation, retrieved precipitation, measures of error, and fit together with a quality flag. The dimensions of the output dataset are similar to that of the level 1 observational data, essentially about 2860 scan lines and 81 scan positions. A full description of the level 2B precipitation product can be found in Kidd and Matsui [17].





4. Precipitation Scheme Testing and Evaluation


4.1. Database Testing and Verification


The PRPS retrievals will ultimately rely upon a database based upon TMS–DPR observations. The at-launch and immediate postlaunch versions do not yet have sufficient coincident TMS–DPR observations to fully populate such a database; consequently, the current database for the PRPS–TMS is based upon four channels obtained from ATMS–DPR observations amounting to about 18 M entries. Nevertheless, at this stage, there are a reasonable number (1.6 M) of ocean-based TMS–DPR coincident matches that can be used to evaluate whether the ATMS-based database is suitable as a substitute. A comparison of the sensor–DPR rainfall relationships was investigated whereby the mean Tb per rainrate category was calculated for both the ATMS–DPR observations and the TMS–DPR observations for each of the corresponding channels. The plots of these relationships are shown in Figure 3. While a perfect match between the ATMS and TMS-based relationships would lie along the 1:1 line, the plots show that there is a very good agreement between the two different sensor–rainrate relationships and deemed to be high enough to provide a good degree of confidence in the retrieval scheme.




4.2. Validation of Precipitation Retrievals


The requirements for the precipitation retrievals for the TROPICS mission is that the retrieved precipitation should be within 25% of the IMERG product at a spatial scale of 2.5 × 2.5 degrees and a temporal scale of 7 days. Analysis of the PRPS–TMS product has been carried out against the multisatellite IMERG precipitation product to evaluate whether this requirement has been met. Two 1-week time periods were selected that met the necessary level 1 data quality requirements, these being 8–14 August 2021 and 18–24 September 2021. A comparison is shown in Figure 4, which includes the IMERG product (top), the TMS product (middle), and the difference (bottom) for the first period (left) and the second period (right). The PRPS–TMS product captures the main precipitation features, although with some local–regional over-/underestimation, most likely due to the relatively limited temporal sampling provided by the single TROPICS Pathfinder sensor (14 samples), compared with the multisatellite IMERG product (336 samples). A more general underestimation is seen in the southern latitudes, most likely due to shallow precipitation that is often poorly identified in high-frequency PMW observations.



Scatterplots of IMERG vs. TMS mean precipitation intensity for these two periods are shown in Figure 5 and show that the points lie away from the x/y axes, with the overall scatter of points fairly well constrained. The thin solid blue lines define the 25% limits of the mission specification, with the thin dashed blue line showing the best-fit line through the data. While overall these cases show that the retrievals meet the required specifications, some of the data points lie outside the 25% specification: a total of 909 and 998 individual 2.5 × 2.5-degree values (out of a total of 4608) lie within ±25% for the August and the September cases, respectively. Although this appears poor, the GPROF–NOAA19 product result (which is ingested into the IMERG product) for the same period shows 1010 and 1065, respectively.



For the same dates, a comparison of the PRPS–TMS retrievals was performed against retrievals from the NOAA-19 MHS observations generated by the Goddard profiling (GPROF) scheme since these have similar temporal and spatial samplings to the TROPICS Pathfinder. These results are shown in Table 2 and show that, overall, the PRPS–TMS has comparable performance to the GPROF scheme.



In terms of instantaneous precipitation, four case studies have been compared with the surface MRMS radar product [12] over the US and are shown in Figure 6. These cases cover a range of precipitation events, including (a) a frontal precipitation across SE US, (b) a Midwest convective system, (c) Hurricane Ida, and (d) mixed precipitation, including mountain snow. In all of these cases, the surface radar has been resampled to the resolution of the PRPS–TMS retrievals (ca. 16 × 16 km). Visually, the PRPS–TMS provides a good indication of precipitation extent and intensity, while the scatterplots and statistical performance (Figure 6, right) are similar to other instantaneous precipitation retrievals and show a reasonable performance, although variations between the different meteorological situations are evident. Given that this is an initial postlaunch version of the retrieval algorithm and is based only upon four channels, these results are encouraging.





5. Conclusions


The current version of the PRPS–TMS scheme will be the initial postlaunch version for the constellation. Consequently, it is expected that there will be issues with the accuracy of the final product, which will be addressed in future versions. At present, the O2 channels are not included in the precipitation retrievals, although it is anticipated that these channels will be included once sufficient observations from the TMS become available.



The PRPS technique, like any other technique, is based upon a number of assumptions leading to limitations in the final product. In particular, the rain rates in the current database are based on the DPR, and therefore, the PRPS product is intrinsically linked to the accuracy of the DPR. Further iterations of the PRPS database will evaluate the inclusion of surface and/or modelled precipitation with the aim of improving the overall accuracy of the retrievals. While one of the key criteria of the PRPS is to avoid the use of external dynamic datasets, external datasets may be considered in order to improve the accuracy of the product, particularly over certain regions; for example, since the SAPHIR instrument only provided observations at 183.31 GHz, model data were used to improve retrieval performance. Further investigations will be carried out to ascertain the value of incorporating additional information, such as model or even GEO-IR data, into the retrieval scheme.
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Figure 1. TROPICS CubeSat showing the spacecraft bus, radiometer (on the left), and deployed articulated solar array. 
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Figure 2. Swath images of brightness temperatures (dark = cold, white = warm) for the 12 channels of the TROPICS sensor ranging from 91.655 (left) to 204.8 GHz (right) for Hurricane Sam on 27 September 2021. The time at the center of the image is 17:49 UTC with a location of about 16°N 52°W. Data are extracted from TROPICS01.BRTT.L1B.Orbit01352.V02-03.ST20210927-170942.ET20210927-184458.CT20220208-174340.nc. 
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Figure 3. Plots of Tb–rainrate relationships between the DPR–ATMS and the DPR–TMS with the colors representing the rainrate categories. Only ocean areas are shown due to the number of observations available from the TMS: a total of 1.6 M colocated DPR–TMS observations vs. 18 M DPR–ATMS observations were used. 
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Figure 4. Comparison of the IMERG product (top), the TMS product (middle), and the difference (bottom) for 8–14 August 2021 (left) and 18–23 September 2021 (right). Note that the IMERG product is the average of 33,630 min estimates, compared with a maximum of 14 instantaneous estimates from the TMS. 
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[image: Remotesensing 14 02992 g004]







[image: Remotesensing 14 02992 g005 550] 





Figure 5. The scatter plots showing the IMERG vs. PRPS–TMS mean precipitation intensity for the two 1-week periods. The outer solid blue lines define the ±25% limits, while the inner thin dashed lines show the best-fit line through the data. 
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Figure 6. Comparisons of instantaneous MRMS surface radar (left) vs. PRPS–TMS retrievals (right) over the US for four case studies: (a) Appalachian precipitation system, (b) Midwest connective system, (c) Hurricane Ida, and (d) Rocky Mountain mixed-phase precipitation. The scatterplots and statistics are for 15 × 15 km resolution MRMS/PRPS–TMS matches over the coverage of the images. (ME = mean error, CC = correlation coefficient). 
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Table 1. TMS channel sets together with similar frequencies from current operational sensors (figures in italics indicate approximate matches). The TMS noise equivalent delta temperature (NE∆T) quoted is from on-orbit Pathfinder analysis. Note that while most sounding instruments provide measurements on either side of the center line of an absorption band, the TMS only provides a single-sided measurement (i.e., 183.31 ± 3.0 ≅ 183.31 + 3.0).
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	TMS Channel
	Central

Frequency
	Bandwidth
	Effective

Resolution
	NE∆T
	ATMS

Channel
	MHS Channel
	MWHS-2 Channel
	GMI





	1
	91.655 ± 1.4 GHz
	1000 MHz
	50.7 km
	0.90 K
	88.2 GHz
	89.0 GHz
	89.0 GHz
	89.0 GHz



	2
	114.50 GHz
	1000 MHz
	41.2 km
	0.60 K
	-
	-
	118.75 ± 5.0
	-



	3
	115.95 GHz
	800 MHz
	41.2 km
	0.57 K
	-
	-
	118.75 ± 3.0
	-



	4
	116.65 GHz
	600 MHz
	41.2 km
	0.65 K
	-
	-
	118.75 ± 2.5
	-



	5
	117.25 GHz
	600 MHz
	41.2 km
	0.59 K
	-
	-
	118.75 ± 1.1
	-



	6
	117.80 GHz
	500 MHz
	41.2 km
	0.61 K
	-
	-
	118.75 ± 0.8
	-



	7
	118.24 GHz
	380 MHz
	41.2 km
	0.68 K
	-
	-
	118.75 ± 0.3
	-



	8
	118.58 GHz
	300 MHz
	41.2 km
	0.8 K
	-
	-
	118.75 ± 0.2
	-



	9
	184.41 GHz
	2000 MHz
	27.5 km
	0.51 K
	183.31 ± 1.0
	183.31 ± 1.0
	183 ± 1.0
	-



	10
	186.51 GHz
	2000 MHz
	27.5 km
	0.53 K
	183.31 ± 3.0
	183.31 ± 3.0
	183 ± 3.0
	183.31 ± 3.0



	11
	190.31 GHz
	2000 MHz
	27.5 km
	0.47 K
	183.31 ± 7.0
	190.31
	183 ± 7.0
	183.31 ± 7.0



	12
	204.8 GHz
	2000 MHz
	26.0 km
	0.54 K
	-
	-
	-
	-
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Table 2. Statistical performance of the 2.5 × 2.5 degree. Seven-day precipitation totals from the PRPS–TROPICS vs. IMERG and the GPROF–NOAA19 vs. IMERG for the two time periods.
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PRPS–TROPICS (0.4dev3) vs. IMERG




	
Period

	
Mean Error

	
Bias Ratio

	
RMSE

	
Correlation

	
Number




	
20210808-14

	
−0.00757

	
0.93595

	
0.09946

	
0.87960

	
4608




	
20210918-14

	
−0.00176

	
0.98554

	
0.10172

	
0.84863

	
4608




	
GPROF–NOAA19 vs. IMERG




	
Period

	
Mean Error

	
Bias Ratio

	
RMSE

	
Correlation

	
Number




	
20210808-14

	
−0.00161

	
0.98646

	
0.09193

	
0.89651

	
4608




	
20210918-14

	
−0.00645

	
0.94710

	
0.09761

	
0.84712

	
4608
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