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ABSTRACT 9 

Accurate brightness temperature (BT) is a top priority for retrievals of atmospheric and 10 

surface properties. Microwave Radiation Imagers (MWRI) on Chinese Fengyun-3 (FY-3) 11 

serial polar-orbiting satellites have been providing abundant BT data since 2008, showing 12 

great potential for retrievals of atmospheric parameters and surface properties. Much work 13 

has been done to evaluate short-term MWRI observations, but it remains unclear on the 14 

long-term performance of MWRI. In this paper, the operational MWRI BT during 15 

2012-2019 was carefully examined by using the simultaneous Advanced Microwave 16 

Scanning Radiometer 2 (AMSR2) BTs as the reference. A significant correlation between 17 

BTs from MWRI and AMSR2 was found. The BT difference between MWRI/FY3B and 18 

AMSR2 during 2012-2019 increased gradually over time. As compared with MWRI/FY3B, 19 

MWRI/FY3D BTs over land were much closer to those of AMSR2. The ascending and 20 

descending orbit difference for MWRI/FY3D is also much smaller than that for 21 

MWRI/FY3B. Both suggest the improvement of MWRI/FY3D over MWRI/FY3B. A 22 

substantial BT difference between AMSR2 and MWRI was found over water, even 23 

exceeding 5 K at the vertical polarization channels. A similar BT difference was found over 24 

polar water based on the simultaneous conical overpassing (SCO) method. Radiative transfer 25 

model simulations suggested the substantial BT differences at the vertical polarization 26 
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channels of MWRI and AMSR2 over water were partly accounted for by their difference in 27 

the incident angle; however, the underestimation of the operational MWRI BT over the water 28 

was still a very important issue. The preliminary assessment of the operational and 29 

recalibrated MWRI BT demonstrated that MWRI BTs at the vertical polarization channels 30 

were substantially improved after the recalibration, especially the obvious underestimation 31 

of the operational MWRI BT at 10V and 37V over water was corrected, and the recalibration 32 

also reduces the time-dependent biases.  33 

 34 

 35 
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Article Highlights: 38 

 The operational MWRI BT measurements were significantly correlated with those of 39 

AMSR2 and the BT difference between MWRI/FY3B and AMSR2 during 2012-2019 40 

increased gradually over time.    41 

 MWRI/FY3D BT over land was much closer to that of AMSR2 relative to MWRI/FY3B; 42 

however, a substantial BT difference between AMSR2 and MWRI was found over water. 43 

 The substantial BT differences at the vertical polarization channels over water were 44 

partly attributed to the different incident angles between MWRI and AMER2; however, 45 

the underestimation of MWRI BT over the water was still a very important issue. 46 

 MWRI BTs were substantially improved after the recalibration, more specifically, the 47 

obvious underestimation of the operational MWRI BT at 10V and 37V over the water was 48 

corrected.   49 
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1. Introduction 50 

FY-3 series of China polar-orbiting meteorological satellites have been launched in 51 

succession from 2008-2021 (Dong et al., 2009; Yang et al., 2011; Lu et al., 2016; Zhang et 52 

al., 2019, 2022), including FY-3A (May 2008), FY-3B (Nov. 2010), FY-3C (Sep. 2013), 53 

FY-3D (Nov. 2017) and FY-3E (Jul. 2021). Microwave Radiation Imager (MWRI) is one of 54 

the primary sensors on FY-3 satellites. MWRI is a conical-scanning microwave imager with 55 

frequencies varying from 10.65 GHz to 89 GHz, which are sensitive to the surface, column 56 

water vapor, cloud, and precipitation (Tang and Zou, 2017; Li et al., 2022). MWRI 57 

observations have been used to study tropical cyclones and soil moisture (Zhang et al., 2015; 58 

Cui et al., 2016; Sun et al., 2016; Xian et al., 2021).  59 

To guarantee and check high-quality MWRI measurements, many calibrations and 60 

validations have been performed since 2008. The calibration and correction procedures for 61 

MWRI on FY-3A/B were performed, in which the linearity and non-linearity corrections 62 

were carefully considered (Yang et al., 2011). Liu et al. (2014) introduced an antenna surface 63 

calibration system for MWRI/FY3C. Given the fact that nonlinear variation was an essential 64 

factor impacting the calibration accuracy, the nonlinear characteristics of MWRI/FY3D were 65 

investigated and an optimal calculation method was proposed (Chen et al., 2019; Dong et al., 66 

2020). Short-term MWRI/FY3B BTs in 2010 were compared with the observations from the 67 

Aqua Advanced Microwave Scanning Radiometer (AMSR-E) and radiative transfer model 68 

(RTM) simulations, showing a small bias of MWRI (Yang et al., 2012). MWRI/FY3B BTs 69 

in the early six months after launching were carefully checked. On-orbit MWRI BTs were 70 

stable, with a maximum fluctuation of the coldest reference values at all channels no more 71 

than 1.8 K (Qiao et al., 2012). The geolocation errors of MWRI on FY3B/3C were analyzed 72 

and corrected (Tang et al.,2016; Liu et al., 2021). The quality of MWRI/FY3C was evaluated 73 

by comparison with RTM results, showing a 1-2 K difference between ascending and 74 

descending orbits (Lawrence et al., 2017; Zeng and Jiang, 2021). Zhang et al. (2019) 75 

compared the parameters of the calibration equation for MWRI/FY3C and found the high 76 

value of the hot load reflector was the main cause of the bias, which was corrected, and 77 
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thereby the bias between ascending and descending orbits was reduced.  78 

These previous studies were primarily based on short-term observations after lunching 79 

of MWRI. Since there are long-term records from MWRI on FY-3 serial satellites, it is 80 

highly critical to assess the long-term quality of MWRI data, which is a top priority for the 81 

retrievals of atmospheric and surface properties. Given the fact that the MWRI channels are 82 

nearly identical to that of the Advanced Microwave Scanning Radiometer-2 (AMSR2) 83 

instrument on the GCOM-W1 satellite (Takashi et al., 2015), the inter-comparison between 84 

MWRI and AMSR2 observations from 2012 to 2019 was investigated, which is, as far as we 85 

know, the first attempt to evaluate the long-term performance of MWRI by using the 86 

advanced AMSR2 measurements. Furthermore, we also used RTM simulations to discuss 87 

the causes for the bias between MWRI and AMSR2 measurements, which would shed new 88 

light on how to improve MWRI measurements in near future. 89 

 90 

2. Instruments and data 91 

Both MWRI and AMSR2 are conical-scanning microwave imagers (Table 1), with 92 

nearly identical central frequencies from 10.65 GHz to 89 GHz. Due to very short-term 93 

MWRI observations from FY-3A and the larger Equator Crossing Time (ETC) gap between 94 

FY3C and GCOM-W1, the inter-comparison here was mainly focused on FY3B and FY3D 95 

satellites.  96 

Table 1 Satellites and angles for MWRI and AMSR2 97 

 MWRI AMSR2 

Satellite FY3B FY3C FY3D GCOM-W1 

Launched Nov. 2010 Sep. 2013 Nov. 2017 May 2012 

Equator 
Crossing 

Time 

13:38 
Ascending 

10:15 
Descending

14:00 
Ascending 

13:30  
Ascending 

Incident 
angle 

53.1°       55° 

 98 
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The real-time, operational MWRI L1B radiance data on FY-3B/3D are available online 99 

(http://satellite.cma.gov.cn/PortalSite/Data/Satellite.aspx), including the calibrated BT and 100 

land cover at scanning pixels. The land cover is from the international geosphere biosphere 101 

program (IGBP) classification system. The operational L1B radiance data of MWRI were 102 

directly compared against the Global Precipitation Measurement (GPM) L1C AMSR2 103 

Product. The latter is transformed from the equivalent AMSR2/GCOM-W1 L1B radiance 104 

data using GPM Microwave Imager (GMI) as the reference standard. As successor of 105 

Aqua/AMSR-E (launched in May 2002), AMSR2 was improved on-board calibration target, 106 

resulting in reduction of annual TB variation and improvement of TB stability, for instance, 107 

AMSR2 L1B brightness temperature precision or random error +/-0.3K, accuracy within 108 

+/-1.5K(Ebuchi1 et al., 2021). After the GPM core satellite was launched in Feb. 2014, GMI 109 

was used as a calibration standard to inter-calibrate different imagers aboard other 110 

polar-orbiting satellites (Skofronick-Jackson et al., 2017). The GPM Intersatellite Calibration 111 

Working Group found AMSR2 L1B existing a substantial cold-scene warm calibration bias 112 

with respect to GMI (Berg et al., 2016), then established the calibration adjustment to 113 

generate GPM L1C AMSR2 data. Considering GMI BT with high accuracy levels for all 114 

channels within 0.4 K and stability within 0.2 K (Wentz and Draper, 2016), the quality of 115 

GPM L1C AMSR2 should be better than the original AMSR2/GCOM-W1 L1B radiance. 116 

Hence GPM L1C AMSR2 radiance data is the optimal choice for comparing with MWRI, 117 

which makes it possible for MWRI to be tractable to the international reference.  118 

MWRI and AMSR2 BT data during July 1-5, 2012-2019 between 70°E-135°E and 119 

20°N-50°N were compared. Hence, there are eight years of matching data for MWRI/FY3B 120 

(2012-2019) and two years of matching data for MWRI/FY3D (2018-2019). The BT 121 

observations were matched if the temporal/spatial difference between MWRI and AMSR2 122 

observations is less than 15 minute/5 km. To mitigate uncertainties due to inhomogeneous 123 

atmosphere or land surface, an extra constraint was used in the matching process, i.e., the 124 

standard deviations of BT should be no more than 2 K in the area around the matched 125 

samples. 126 
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 127 

3. Results  128 

3.1. BT comparison for MWRI and AMSR2 over land and water 129 

The BT differences at the 8 channels from 10.65 GHz to 37.0 GHz (in both vertical and 130 

horizontal polarization channels, denoted as 10V, 10H, 19V, 19H, 23V, 23H, 37V, and 37H, 131 

respectively) were mainly analyzed in this work. To see the BT difference clearly, the 132 

matching pairs were divided into two subgroups, i.e., over water and land based on their land 133 

cover information. First, both BT at the 8 channels shows a good linear correlation (R varies 134 

from 0.94 to 1.0), especially high agreement of MWRI with AMSR2 at 19V onboard either 135 

FY3B or FY3D. A small standard deviation (STD) of BT difference (varying from 0.8 to 1.3 136 

K) occurs at the vertical polarization channels of MWRI on both FY3B and FY3D. Second, 137 

the agreement of AMSR2 and MWRI/FY3D appears better than that onboard FY3B, which 138 

is reflected in the obvious reduction on the mean bias error (MBE) from 2-4 K on FY3B to 139 

0-2 K on FY3D. The STD of MWRI/FY3D is also smaller than that of MWRI/FY3B, 140 

particularly at the horizontal polarization channels.  141 

 142 
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Fig.1 Scatter plots of matched BT at 8 channels for AMSR2-MWRI/ FY3B during 143 

2012-2019 (blue) and AMSR2-MWRI/FY3D during 2018-2019 (red) over land. The 144 

corresponding statistics parameters are shown in the same color.  145 

  146 

The matched pairs over water are shown in Fig.2. It is seen that most MWRI BTs are 147 

smaller than AMSR2 measurements, especially the MBE at the vertically polarized channels 148 

exceeding 5 K, even up to 10 K at 10V and 37V. This is almost 3 times larger than that at the 149 

corresponding horizontally polarized channels. In addition, the MBE at 23H (~8K) is larger 150 

than that at the other three horizontal channels (2-3 K).  151 

 152 

Fig.2 Same as Fig.1 except for the water group. 153 

 154 

From the BT difference shown in Fig.1 and Fig.2, there are two interesting points that 155 

merit further mention. First, the majority of MWRI BTs are smaller than AMSR2 156 

measurements, no matter whether it is onboard FY3B or on FY3D. Second, we can also see 157 

a clear improvement in the performance of MWRI onboard the FY3D as compared with that 158 

on FY3B, which is supported by the fact that the BT difference between FY3D and AMSR2 159 
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over land is mostly less than 2 K; however, it is up to 2-4 K regarding FY3B. The 160 

improvement in MWRI onboard FY3D is much more outstanding at the horizontal 161 

polarization channels than that at the vertical channels. It is implied that relatively 162 

high-quality MWRI observations on FY3D would be beneficial for the correction of BT 163 

measurements of MWRI on FY3B, thereby maintaining consistency in the long-term MWRI 164 

data. 165 

To evaluate the long-term performance of MWRI BT data onboard FY3B, the annual 166 

BT difference between AMSR2 and MWRI/ FY3B during 2012-2019 is shown in Fig.3. The 167 

boxplot of BT difference over land (filled) and water (unfilled) groups are clearly separated 168 

at the vertical polarization channels but they are close to each other at the horizontal 169 

polarization channels. Overland, the annual median BT differences (July 1-5 each year, 170 

hereinafter) at both the horizontal and vertical polarizations channels increase in absolute 171 

magnitude over time. Overwater, it is still clear that the BT difference at the vertical 172 

polarization channels is quite larger than that at corresponding horizontal channels, 173 

especially at 10V and 37V the median BT difference exceeds 10 K. The annual BT 174 

differences at both polarization channels over water increase slightly during 2012-2019. The 175 

gradually increase in absolute magnitude  of annual BT difference in eight years indicate 176 

the gradually increasing measurement uncertainty of operational calibrated MWRI on FY3B 177 

during 2012-2019.  178 
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 179 

Fig.3 The boxplot of annual BT difference between MWRI/FY3B and AMSR2 during 180 

2012-2019 over land (filled) and water (unfilled). 181 

 182 

For AMSR2-MWRI/FY3D matching pairs in 2018-2019, the variations of BT 183 

difference in each year are small and close (not shown), which implies the stability of MWRI 184 

on FY3D in the two years.  185 

 186 

3.2. Ascending and descending difference 187 

The obvious difference between ascending and descending orbits for MWRI/FY3C was 188 

found by Lawrence et al. (2017), which was likely due to different errors in the hot load. The 189 

question that arises here is that dose this happened to MWRI on FY3B/3D? We group the 190 

matching MWRI- AMSR2 samples in 2012-2019 for FY3B and 2018-2019 for FY3D based 191 

on MWRI ascending (A) and descending (D) orbits. Fig.4 shows the MBE of 192 

MWRI-AMSR2 BT difference for both A and D orbits over land and water. The BT 193 

difference for the descending orbit of MWRI/FY3B is generally smaller than that for the 194 
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ascending one no matter over land or water surface. This phenomenon did not occur for 195 

MWRI/FY3D, reflecting the improvement of MWRI/FY3D in reducing the difference 196 

between ascending and descending orbits.  197 

 198 

Fig.4 The boxplot of BT difference between MWRI and AMSR2 for the ascending and 199 

descending orbits of MWRI/FY3B (2012-2019) and MWRI/FY3D (2018-2019) over land 200 

(filled) and water (unfilled). 201 

 202 

4. Discussions of the BT difference between MWRI and AMSR2 203 

In the above comparisons, substantial BT differences between MWRI and AMSR2 204 

were found over water. The potential causes for this difference are explored here by using 205 

the simultaneous conical overpassing (SCO) method and RTM simulations. 206 

4.1. SCO method  207 

 To inter-calibrate radiometers on different polar-orbiting satellites to achieve 208 

consistency and traceability, the SCO method was widely used to calibrate conically 209 

scanning instruments and to remove biases, such as SSMIS and SSMI (Yan and Weng, 2008; 210 
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Weng et al. 2009). The SCO method is adopted from the Simultaneous Nadir Overpasses 211 

(SNO) technique developed by Cao et al (2004). The SNO method has been used for the 212 

construction of long-term records of the Microwave Sounding Unit (MSU) and the 213 

Advanced Microwave Sounding Unit-A (AMSU-A) (Zou et al., 2006; Iacovazzi and Cao, 214 

2007).  215 

Considering MWRI and AMSR2 are conically scanning and have more chance of 216 

matching with closer ETC, the SCO method was used to explore the BT difference between 217 

AMSR2 and MWRI/FY3D during July 1-3, 2018. To obtain more matching in high latitudes 218 

where surface and atmosphere are relatively stable, the SCO constraint on the distance 219 

window from two sensors is set to a ground distance of 5 km, and the time window is set to 220 

60 s although SNO (or SCO) events occurring within a few seconds for succeeding satellites. 221 

 222 

Fig.5 Scattering plots of the SCO pairs between MWRI/FY3D and AMSR2 at 8 223 

channels over water, and the colors stand for the pairs located in the north-polar (blue) and 224 

south-polar (red) regions.  225 

 226 

The SCO pairs of MWRI and AMSR2 over water mostly occurred from the latitude 227 

around ±75° on July 1, 2018. Both BT for SCO pairs are compared in Fig.5, where colors are 228 

used to distinguish samples located in the north polar (blue) and south polar (red) regions. It 229 
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is also found in Fig.5 that BT differences of MWRI and AMSR2 at 10V and 37V are more 230 

significant, and the MBE at the 8 channels are close to those obtained in the previous section, 231 

although the matching number (~3200) is far less than that, which imply that these BT 232 

differences are relatively stable and independent of the selected region. 233 

 234 

4.2. Using RTM simulations as reference 235 

RTM is a bridge that connects observations and theoretical radiation, which has been 236 

widely used for satellite observation cross-validations (Clought et al, 2004; Goldberg et 237 

al.,2001; Lu et al., 2011). Hence, we combined the atmospheric profiles derived from 238 

reanalysis data ERA5 (1hr/0.25°) with a fast microwave radiative transfer model, MWRT 239 

(Liu, 1998), to obtain the BT simulations for AMSR2 in 55° and MWRI in 53.1° incident 240 

angle, respectively. Firstly, both BT observations over land were compared with the 241 

corresponding model simulations, which shows a slight change (<0.1K) in BT simulations at 242 

different incident angles. Then, we focused on the substantial BT difference of 243 

MWRI-AMSR2 pairs in the vertical polarization channels over water.  244 

Fig.6 shows the scattering plots between both BT simulations and the corresponding 245 

MWRI-AMSR2 observations at the vertically polarized channels over water. To see the 246 

influence of incident angle on simulations clearly, BT simulations for AMSR2 (blue) and 247 

MWRI (red) are plotted in a panel for the same channel. Noted that we only selected ERA5 248 

data at 05hr (UTC) on July 1, 2018, to do the simulation testing, so the available matched 249 

samples are limited (~790). First, it is seen in Fig.6(a-d) that the simulated AMSR2 BTs 250 

(blue) at the four vertical channels are more consistent with the corresponding AMSR2 251 

observations (with the MBE less than 0.5 K and STD less than 1.3 K), which demonstrates 252 

that the AMSR2 BT simulations are reasonable and reliable. In the comparisons of AMSR2 253 

observations with MWRI BT simulations (red), AMSR2 observations are higher than 2- 4 K 254 

due to the 2° incident angle difference. Second, MWRI observations and both simulations 255 

are compared at four vertical polarization channels (Fig.6(e-h)) and show that MWRI 256 

observations are generally lower than its BT simulations (red), especially about 6 K lower at 257 
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10V and 37V. The corresponding BT difference between MWRI observations and AMSR2 258 

simulations (blue) in Fig.6(e-h) is close to the results derived from both BT observations.  259 

 260 

      Fig.6 BT difference between MWRI-AMSR2 BT observations and the corresponding 261 

BT simulations (MWRT for short) for AMSR2 (blue,55°) and MWRI (red,53.1°) at the 262 

vertically polarized channels, and the corresponding statistics parameters are shown with the 263 

same color.     264 

 265 

Therefore, using model simulations as a reference, we can see that the significant BT 266 

difference at the vertically polarized channels over water is mainly due to the different 267 

incident angles and the underestimated MWRI BT observations. To better understand the 268 

effect of both, the contribution of each to the total BT difference was calculated and shown 269 

in Fig.7. For the four vertically polarized channels, the lower MWRI observation accounts 270 

for 60% of the total difference at 10V and 37V, and the incident angle accounts for 40%; 271 

while both proportions are reversed at 19V. As to 23V, the contribution of both sides is 272 

almost equal, each accounting for 50%. 273 
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 274 

     Fig.7 Ratio of the contribution of incident angle and lower MWRI to MWRI-AMSR2 275 

total BT difference 276 

 277 

5. Preliminary assessment of the recalibrated MWRI BT  278 

The MWRI BT we used above is the operational calibrated data. To check the quality of 279 

MWRI BT more, the recalibrated MWRI BT (DOI: 280 

10.12185/NSMC.RICHCEOS.FCDR.MWRIRecalOrb.FY3.MWRI.L1.GBAL.POAD. NUL. 281 

010KM. HDF.2021.2.V1, Wu et al. (2010)) were used to demonstrate the necessary and valid 282 

of recalibrations. The recalibrated MWRI BT is developed by the Laboratory of Radiometric 283 

Calibration and Validation for Environmental Satellites, National Satellite Meteorological 284 

Center, China Meteorological Administration. This dataset is based on the original level-0 285 

MWRI data on the FY-3 series satellites and adopts the new and improved calibration 286 

algorithm based on MWRI operational calibration algorithm. The main algorithm 287 

improvements include the radiation correction of the microwave imager's hot mirror back 288 

lobe, the hot mirror emissivity correction, the heat source efficiency correction, and the 289 

receiver nonlinear correction.  290 

 Here we chose the same period recalibrated MWRI BT on FY3B and FY3D from 2012 291 
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to 2019, then used the same treatments to match with AMSR2 observations and model 292 

simulations as mentioned above. We still focus on the matching pairs over the water surface 293 

due to the obvious BT difference as mentioned above. To see the difference, the matched 294 

AMSR2 and both MWRI BT (the operational calibration (blue) and the recalibration(red)) 295 

are plotted in a panel as Fig.8 shown. It is seen that the MBE of AMSR2-MWRI for the 296 

recalibrated one is obviously reduced at the vertically polarized channels, especially at 10V 297 

and 37V the difference is significantly reduced by more than 50%. Relatively, the changes at 298 

18.7 GHz and 23.8 GHz are small with a high overlap between the operational and 299 

recalibrated data.   300 

 301 

Fig.8 Scatter plots of matched BT at 8 channels for AMSR2-MWRI/FY3D in 302 

2018-2019 over water, and the colors stand for the operational (blue) and recalibrated(red) 303 

MWRI BT. The corresponding statistics parameters are shown in the same color.  304 

 305 

To better understand the long-term performance of the recalibrated MWRI BT data, the 306 

annual BT difference between AMSR2 and recalibrated MWRI/FY3B during 2012-2019 is 307 

shown in Fig.9. Compared with the operational calibrated MWRI results in Fig.3, it is 308 

clearly seen that over land the annual median BT differences at most of channels are close to 309 

zero, and has little change in eight years. Over water, the annual median BT differences at 310 
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the vertical polarization channels are significantly reduced to 5 K and more constant in eight 311 

years. These reduced and more stable BT differences on both land and water demonstrate the 312 

improvement of the recalibrated MWRI BTs, except for 23H, where the BT differences on 313 

land and water are still large. 314 

 315 

Fig.9 Same as Fig.3 except for the recalibrated MWRI BT  316 

 317 

Then using model results in 4.2 as media reference, the relationships between AMSR2 318 

and the recalibrated MWRI BT observations are shown in Fig.10. Firstly, AMSR2 results in 319 

Fig.10 (a-d) are quite close to those shown in Fig.6(a-d), that is, AMSR2 observations are 320 

higher MWRI more than 2-4 K due to 2° incident angle difference. However, the 321 

recalibrated MWRI BT results in Fig.10 (e-h) show significant improvements, for example, 322 

the MWRI observations are closer to their BT simulations (red), especially at 10V and 37V, 323 

whose MBE is reduced from 5-6 K in Fig.6 (e-h) to 1.5 K, suggesting that the recalibrated 324 

MWRI BT has removed the underestimated effect at 10V and 37V of the operational MWRI 325 

BT over water. Relatively, the updated effect on 18V and 23V is weak, about 0.5 K. 326 

Additional, the BT difference of MWRI observations and AMSR2 simulations (blue) in 327 

Fig.10 (e-h) also reflects the reduced BT difference, compared to the corresponding results in 328 

Fig.6 (e-h), particularly at 10V and 37V, because the obvious underestimation in the 329 
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operational data has been corrected, and only remain the BT difference caused by the 2° 330 

incident angle difference.  331 

 332 

Fig.10 Same as Fig.6 except for the recalibrated MWRI BT 333 

 334 

6. Conclusions 335 

MWRIs on FY-3 serial satellites have been launched, providing rich data for 336 

monitoring cloud, precipitation and ground. To better understand the long-term performance 337 

of MWRI, we carefully compared the operational MWRI BT on FY-3B/3D and AMSR2 on 338 

GCOM-W1 from 2013 to 2019. The comparisons were made over land and water. The SCO 339 

method and RTM simulations were also used in the comparison, as well as the preliminary 340 

assessment of recalibrated MWRI data. Major conclusions are as follows.  341 

1) On both FY-3B and FY-3D satellites, the majority of MWRI BTs were smaller than 342 

AMSR2 measurements, especially at the vertical polarization channels over water, most 343 

MBEs exceed 5 K, even up to 10 K at 10V and 37V.  344 

2) Overland, the BT difference was reduced from 2-4 K on FY3B to about 0-2 K on 345 

FY3D, and the ascending and descending orbit difference for MWRI/FY3D is much smaller 346 

than that for MWRI/FY3B, reflecting the improvement of MWRI onboard FY3D.  347 
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3) The operational MWRI BTs have significantly correlated with those of AMSR2 and 348 

BT difference for MWRI/FY3B during 2012-2019 was gradual enhanced over time and 349 

more stable for MWRI/FY3D in 2018-209.  350 

4) Similar BT difference was found over polar water by using the SCO method, which 351 

implied that these BT differences were more stable and independent of the selected region. 352 

5) Substantial BT differences at the vertical polarization channels of MWRI-AMSR2 353 

over water were partly due to the different incident angles; however, the underestimation of 354 

the operational MWRI BT over the water was still a very important issue. 355 

6) The recalibrated MWRI BT can significantly improve the quality of the operational 356 

MWRI BT observations at the vertical polarization channels, especially effectively removing 357 

the underestimation at 10V and 37V over water.  358 

It is important to note that the current conclusions are obtained based on limited 359 

observations (e.g., randomly selected dates, the first 5 days in July) in 2012-2019 over China 360 

and the polar region. We also need to examine the seasonal and spatial variation of BT 361 

differences and explore their causes using more MWRI and AMSR2 observations, and other 362 

references, and consider the effect of cloud presence on observed pixels to better understand 363 

MWRI observation quality on FY-3 series satellites. 364 
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