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Abstract. Spaceborne–ground radar reflectivity comparisons can be sensitive to how reflectivity level is represented, how 

comparable observations are selected, and how uneven observational contributions are aggregated. Using warm-season obser-10 

vations from 2024 and 2025, we volume-matched Fengyun-3G (FY-3G) Precipitation Measurement Radar (PMR) observa-

tions with those from five operational S-band radars in Liaoning Province, China, yielding more than 1.6 million matched 

reflectivity pairs from 146 independent FY-3G overpasses. The overall PMR–S-band reflectivity difference varied with radar 

composition, aggregation scheme, and warm season. Using exactly the same matched pairs, the reflectivity-dependent slope 

changed from −0.532 dB dBZ−1 under conventional ground-radar conditioning to −0.101 dB dBZ−1 under the paired-mean 15 

coordinate, and the weaker negative dependence was reproduced across observational subsets and radar sites. Stratiform and 

convective precipitation were then compared within the same radar–overpass task and paired-mean reflectivity interval. The 

task-balanced convective-minus-stratiform contrast was 4.06 dB and decreased to 2.59 dB when both reflectivities were re-

stricted to at least 15 dBZ, while remaining predominantly positive. These results show that conditioning-coordinate choice, 

common observational support, and aggregation level materially influence the magnitude and interpretation of spaceborne–20 

ground radar reflectivity comparisons. 

1. Introduction 

Spaceborne precipitation radars provide three-dimensional observations of precipitating systems (Hou et al., 2014; Skofronick-

Jackson et al., 2017; Battaglia et al., 2020), while ground-based radar networks provide dense regional sampling in space and 

time. Quantitative comparisons between the two systems are widely used for validation and consistency assessment (Schwaller 25 

and Morris, 2011; Warren et al., 2018; Keem et al., 2019). Early TRMM-era studies demonstrated the use of spaceborne 

precipitation-radar observations for ground-radar calibration and reflectivity intercomparison (Anagnostou et al., 2001; Wang 

and Wolff, 2009), and later work extended such comparisons to operational multi-radar networks and GPM observations (Ga-

bella et al., 2017; Zhong et al., 2017). Since the Tropical Rainfall Measuring Mission (TRMM) and Global Precipitation 
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Measurement (GPM) eras, temporal collocation and volume matching have been routinely applied to improve observational 30 

comparability (Bolen and Chandrasekar, 2003; Schwaller and Morris, 2011; Biswas and Chandrasekar, 2018). However, vol-

ume matching addresses only part of the comparability problem. Even after geometric and temporal matching, residual meas-

urement and sampling differences can remain (Warren et al., 2018; Keem et al., 2019). Beyond matching, the inferred rela-

tionships may also depend on how reflectivity level is conditioned, how comparable samples are defined, and how uneven 

radar and overpass contributions are aggregated. 35 

Fengyun-3G (FY-3G) was launched in 2023, and its Precipitation Measurement Radar (PMR) established China’s capability 

for spaceborne active precipitation-radar observations (Zhang et al., 2023). Recent studies have evaluated PMR using Chinese 

operational weather radars, the U.S. Next Generation Weather Radar (NEXRAD) network, and the GPM Dual-frequency 

Precipitation Radar (DPR) from regional, multi-radar, network, and cross-satellite perspectives. These studies generally report 

good correspondence between PMR and ground-radar reflectivity, together with differences related to reflectivity level, pre-40 

cipitation type, bright-band position, radar frequency, and observing conditions (He et al., 2025; Chen et al., 2025; Hu et al., 

2025; Shang et al., 2026; Zhang et al., 2026). Comparisons with GPM DPR have also examined dual-frequency consistency 

and detection sensitivity (Liu et al., 2024, 2025). The magnitude and main observational dependencies of PMR–ground-radar 

differences have therefore been increasingly documented. Less attention has been given to the robustness of the inferred rela-

tionships themselves. In particular, it remains unclear how much they depend on the coordinate used to represent reflectivity 45 

level, the observational support of the compared samples, and the way uneven radar and overpass contributions are aggregated. 

Reflectivity-dependent differences are often examined as a function of ground-radar reflectivity. In this formulation, ground-

radar reflectivity is used both to construct the difference and to represent reflectivity level. The shared use of the same meas-

urement can contribute to an apparent difference–magnitude relationship through measurement-error coupling. Measurement-

method comparison studies have shown that plotting the difference between two measurements against either component 50 

measurement can induce such dependence, whereas the paired mean provides a symmetric coordinate for representing meas-

urement level (Bland and Altman, 1995). The paired mean is not an error-free reference, but it does not privilege either meas-

urement in defining the conditioning coordinate. By holding the matched-pair membership fixed and changing only the con-

ditioning coordinate, the conventional ground-radar formulation can therefore be compared directly with the paired-mean 

formulation to test whether the inferred reflectivity dependence is sensitive to coordinate choice. This distinction is important 55 

when difference–reflectivity relationships are interpreted as evidence of calibration nonlinearity or used to derive intensity-

dependent corrections. 

A related comparability problem arises in stratiform–convective comparisons. The two regimes differ in reflectivity structure 

and bright-band characteristics (Awaka et al., 2016; Le et al., 2016) and occupy different reflectivity ranges in the present 

matched dataset. Their pooled comparison can therefore reflect not only regime-related differences but also unequal radar and 60 

overpass contributions. To reduce this confounding, regime contrasts should be evaluated under common observational support 

defined by radar, overpass, and reflectivity level. In addition, because matched pairs are unevenly distributed among tasks and 
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radar sites, the resulting summaries can depend on the level at which observations are aggregated. The present study therefore 

examines regime contrasts under common support and tests their sensitivity to sample-, task-, and radar-level weighting. 

We use FY-3G PMR observations from the warm seasons of 2024 and 2025 together with five operational S-band radars in 65 

Liaoning Province, China. The overall PMR–S-band reflectivity correspondence is first described as a baseline. We then com-

pare reflectivity-dependent relationships obtained from exactly the same matched pairs using ground-radar reflectivity and the 

paired mean as conditioning coordinates. Stratiform–convective differences are examined under common radar, overpass, and 

reflectivity support. Finally, the sensitivity of the main comparison metrics to observational aggregation and warm-season 

composition is assessed. Neither PMR nor the ground radars are treated as an absolute reflectivity reference. The focus is on 70 

which comparison features remain stable under these analysis choices. 

2. Materials and methods 

2.1. FY-3G PMR and ground-based S-band radar data 

The analysis covered the warm seasons (May–October) of 2024 and 2025. Five operational S-band weather radars in Liaoning 

Province—Shenyang, Dalian, Dandong, Yingkou, and Huludao—were used for the quantitative comparison. The Chaoyang 75 

C-band radar was included only for regional network context and was not used in the quantitative analysis. Diagnostic infor-

mation on ground-radar clutter, anomalous propagation, low copolar correlation, and possible beam blockage was retained for 

quality assessment. The ground-based radars were used as an independent comparison system rather than as an absolute re-

flectivity reference. The radar locations and the spatial and radar-specific observational support of the CORE sample are shown 

in Fig. 1. 80 

Spaceborne observations were taken from the FY-3G PMR Level-2 products. Instrument configuration and precipitation-prod-

uct characteristics are described by Zhang et al. (2023). The primary variable used in the reflectivity comparison was the 

official frequency-corrected S-band-equivalent reflectivity (FRE; zFactorFrequencyCorrectionS; NSMC, 2023; Wu et al., 

2023), which was used throughout the primary PMR–S-band reflectivity analysis. Precipitation regime was identified from the 

typePrecip field in the KuR-CSF product group, with codes 1 and 2 representing stratiform and convective precipitation, re-85 

spectively (NSMC, 2023). This classification was used to construct the regime-specific samples and was not treated as an 

independent ground-based precipitation classification. 
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(a) (b) 

 
(c) 

Figure 1: Study area, radar network, and observational support of the CORE dataset over Liaoning Province. (a) Locations of the 

five S-band radars used in the quantitative analysis and their 30- and 150-km range rings; the Chaoyang C-band radar is shown for 90 

regional network context only. (b) Spatial distribution of CORE matched reflectivity pairs, with color indicating the number of pairs 

per hexagonal grid cell. (c) Numbers of CORE matched reflectivity pairs and independent FY-3G overpass cases for each radar. 
Administrative boundary data were derived from the ChinaAdminDivisonSHP dataset, which is based on the administrative-region 

query of the AMap Web Service API (GaryBikini, 2024). 

2.2 Quality control, volume matching, and sample construction 95 

Spaceborne and ground-based radar observations were collocated using a volume-matching approach following Bolen and 

Chandrasekar (2003), Schwaller and Morris (2011), and Biswas and Chandrasekar (2018). This procedure reduced major dif-

ferences in sampling time, horizontal position, and sampling height between the two observing systems before reflectivity 

comparison. Figure 2 summarizes the workflow. 

 100 

Figure 2: Framework for FY-3G PMR and ground-based S-band radar reflectivity intercomparison. The left part shows spatiotem-

poral volume matching and construction of the CORE analysis sample. The right part summarizes the conditioning-coordinate, 

common-support precipitation-regime, and robustness analyses. 
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One FY-3G overpass paired with one ground-based radar was defined as a radar–overpass task. For each task, the ground-

radar volume nearest in time to the satellite overpass was selected, with |Δtcase| ≤ 5 min. Tasks outside this window were 105 

excluded. When one FY-3G overpass intersected more than one radar domain, the corresponding tasks were assigned to the 

same overpass case. PMR sampling cells with valid geolocation, S-band-equivalent reflectivity between −10 and 80 dBZ, and 

sampling heights between 0 and 20 km were retained for volume matching. Ground-radar gates with finite reflectivity between 

−20 and 75 dBZ were treated as valid. For each PMR sampling cell, the ground-radar elevation sweep with beam height closest 

to the PMR sampling height was selected, and matches with a vertical separation greater than 1.5 km were discarded. 110 

Within the selected sweep, valid ground-radar gates within 5 km of the PMR sampling position were combined using horizontal 

Gaussian distance weighting, 

𝑤𝑖 = exp (−
𝑑𝑖

2

2𝜎2
) ,   𝜎 = 2.5 km (1) 

where dᵢ is the horizontal distance between ground-radar gate i and the PMR sampling location. Reflectivity was averaged in 

linear reflectivity-factor space and converted back to dBZ: 

𝑍S−band = 10log10 [
∑ 𝑤𝑖𝑖  10𝑍𝑖/10

∑ 𝑤𝑖𝑖
] (2) 

where Zᵢ is the reflectivity of ground-radar gate i in dBZ. 115 

Each matched value therefore represents a horizontally weighted estimate from the single elevation sweep closest to the PMR 

sampling altitude. After removal of pairs with non-finite weighted ground-radar reflectivity, 3,479,480 valid matched pairs 

formed the ALL sample. The CORE and STABLE samples were derived from ALL using the criteria in Table 1. 

Table 1: Definitions and screening criteria for the ALL, CORE, and STABLE samples. 

Sample Role Screening criteria Matched pairs (N) 

ALL Valid paired-reflectivity sample 
Finite paired PMR and weighted ground-radar 

reflectivity from the five S-band radars. 
3,479,480 

CORE Primary analysis sample 

ALL restricted to 30–150 km ground-radar 

range; require flagPrecip = 1, qualitySLV = 0, 

at least 3 valid ground-radar gates, and valid-

gate fraction ≥20%. 

1,616,782 

STABLE Sensitivity-analysis sample 

CORE with shallow precipitation and samples 

within the PMR bright band additionally ex-

cluded. 

1,575,047 
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Shallow precipitation was identified from flagShallowRain. When a bright band was identified and both heightBB and 120 

widthBB were valid, a PMR sample with sampling height hPMR satisfying 

heightBB − widthBB/2 ≤ hPMR ≤ heightBB + widthBB/2  

was classified as lying within the bright band. The matching and screening procedures reduce major differences in sampling 

geometry and product quality, but do not eliminate them completely. 

2.3 Intercomparison diagnostics and statistical analysis 

For each matched pair, 125 

𝛥𝑍 = 𝑍PMR − 𝑍S−band (3) 

where ZPMR is FY-3G PMR S-band-equivalent reflectivity and ZS-band is the volume-matched ground-radar reflectivity. Reflec-

tivity is expressed in dBZ and ΔZ in dB. Positive ΔZ indicates larger PMR reflectivity for the matched pair. 

Seven predefined samples were used to separate baseline statistics from sensitivity to reflectivity threshold, precipitation re-

gime, shallow precipitation, and bright-band screening (Table 2). 

Table 2: Predefined samples used in the intercomparison and sensitivity analyses. 130 

Sample Definition Purpose 
B0 CORE Baseline 

B1 
CORE; ZPMR ≥ 15 dBZ and ZS-

band ≥ 15 dBZ 
Reflectivity-threshold sensitivity 

B2 CORE stratiform Stratiform 

B3 
CORE stratiform; ZPMR ≥ 15 

dBZ and ZS-band ≥ 15 dBZ 

Stratiform sample with reflectivity 

threshold 

B4 
STABLE stratiform; ZPMR ≥ 15 

dBZ and ZS-band ≥ 15 dBZ 

Additional shallow-rain and bright-

band screening 

B5 CORE convective Precipitation-regime sensitivity 

B6 
CORE convective; ZPMR ≥ 15 

dBZ and ZS-band ≥ 15 dBZ 

Convective sample with reflectivity 

threshold 

2.3.1 Baseline comparison metrics 

Baseline reflectivity correspondence was summarized using the mean and median of ΔZ, interquartile range (IQR), mean 

absolute difference (MAE), root-mean-square difference (RMSE), and Pearson correlation coefficient r. These statistics were 

calculated for CORE and the predefined samples in Table 2, and differences among the samples were summarized descriptively. 

2.3.2 Conditioning-coordinate sensitivity 135 

Reflectivity dependence was first examined using ZS-band as the conditioning variable. Median ΔZ and IQR were calculated in 

2-dBZ bins. Slope estimation was restricted to 15 ≤ ZS-band < 45 dBZ. A Theil–Sen estimator was fitted to the binwise median 
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ΔZ values (Sen, 1968), giving the conventional slope sGR in units of dB dBZ−1. A symmetric conditioning coordinate was then 

defined as  

𝑍pair =
𝑍PMR+𝑍S−band

2
,                                                                             (4)                                                                                                     140 

following the measurement-comparison rationale of Bland and Altman (1995). The corresponding slope was denoted spair, and 

conditioning-coordinate sensitivity was defined as 

𝐴 = 𝑠pair − 𝑠GR (5) 

Thus, A quantifies the change in the fitted reflectivity dependence between the two conditioning coordinates. The two slopes 

were estimated from exactly the same matched pairs. Common fitting support required both 15 ≤ ZS-band < 45 dBZ and 15 ≤ 

Zpair < 45 dBZ. The retained pairs were then binned separately according to the two coordinates. Pair membership was identical 145 

between the fits, although an observation could fall into different 2-dBZ bins. When sGR < 0, positive A indicates a weaker 

negative dependence under Zpair conditioning. 

The exact-common-pair analysis was performed at network, radar–overpass-task, and radar levels. Network-level estimates 

required at least eight valid bins, at least 500 matched pairs per bin, and a reflectivity span of at least 16 dBZ. Task-level 

estimates required at least six valid bins, at least 30 pairs per bin, and a span of at least 12 dBZ. Radar-level estimates required 150 

at least eight valid bins, at least 200 pairs per bin, and a span of at least 16 dBZ. The analysis was applied to B0–B6. B3 and 

its below-bright-band subset were also examined. At the independent-overpass level, Acase was defined as the median task-

level A across eligible radar tasks belonging to the same FY-3G overpass. 

2.3.3 Precipitation-regime contrast under common observational support 

Stratiform and convective samples differ in reflectivity distribution and in their contributions from individual radars and over-155 

passes. Regime contrasts were therefore evaluated within common support defined jointly by radar–overpass task and reflec-

tivity level. The analysis used 2-dBZ Zpair bins over 15 ≤ Zpair < 45 dBZ. A task–bin cell was retained only when both stratiform 

and convective precipitation contained at least 30 matched pairs within the same radar–overpass task and the same Zpair bin. 

The two regimes were therefore compared for the same radar, the same FY-3G overpass, and a similar symmetric reflectivity 

level. For each retained task t and bin b, 160 

Dtb = median(ΔZconv,t,b) − median(ΔZstrat,t,b),                                                    (6) 

Positive Dtb indicates a larger PMR–S-band reflectivity difference for convective precipitation within the same common-sup-

port cell. Two common-support samples were used. P0 was based on CORE. P1 additionally required both ZPMR and ZS-band to 

be at least 15 dBZ. A radar–overpass task was retained only when at least four comparable Zpair bins were available over a span 

of at least 8 dBZ. For each eligible task, 165 
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      𝑅task = median𝑏(𝐷𝑡𝑏),                                                                         (7) 

and the task-balanced network estimate was 

𝑅type = median𝑡(𝑅task),  (8) 

Variability among independent FY-3G overpasses was summarized using Rcase, defined as the median Rtask among eligible 

radar tasks from the same overpass. This procedure reduces major differences in radar, overpass, and reflectivity support 

between the two regimes. Residual contrasts can still include effects of three-dimensional precipitation structure and unre-170 

solved measurement or sampling differences (Grecu et al., 2016; Warren et al., 2018; Keem et al., 2019). 

2.3.4 Robustness and uncertainty assessment 

Robustness was examined in terms of observational aggregation and sampling uncertainty. Three aggregation schemes were 

used: sample-weighted, task-balanced, and radar-balanced. Sample-weighted estimates retain the unequal numbers of matched 

pairs contributed by individual tasks, task-balanced estimates give equal weight to eligible radar–overpass tasks, and radar-175 

balanced estimates give equal weight to radars with sufficient support. The three schemes were applied to the overall reflec-

tivity difference ΔZ, the conditioning-coordinate metric A, and the precipitation-regime contrast, with median-based summaries 

calculated at the corresponding pair, task, and radar levels. Warm-season composition was examined separately for the May–

October 2024 and May–October 2025 CORE samples, focusing on overall ΔZ, radar contribution, overpass composition, and 

conditioning-coordinate response. 180 

Sampling uncertainty was estimated using a cluster bootstrap with independent FY-3G overpass cases as the resampling unit 

(Field and Welsh, 2007). All matched observations and radar–overpass tasks belonging to the same overpass were resampled 

together. Unless otherwise stated, 1000 bootstrap replicates were used to obtain percentile-based 95 % confidence intervals. 

3. Results 

3.1. Baseline reflectivity correspondence and sample dependence 185 

The CORE sample comprised 1,616,782 FY-3G PMR–S-band matched reflectivity pairs from 146 independent FY-3G over-

passes and 248 radar–overpass tasks. PMR and S-band reflectivities were positively correlated overall, with some variation 

across reflectivity levels (Fig. 3a). The network-wide mean and median ΔZ were 3.57 and 3.25 dB, respectively, and the 

interquartile range was −1.67 to 8.33 dB (Fig. 3b). 

The ΔZ distributions differed among the five S-band radars (Fig. 3c). Shenyang, Dandong, and Yingkou had positive central 190 

differences, Dalian was close to zero, and Huludao had a negative difference. The distribution spread also varied among radars. 
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These differences, together with the unequal radar contributions shown in Fig. 1, indicate that the pooled network statistics are 

influenced by radar composition. 

At the network scale, the mean ΔZ had a 95 % overpass-cluster bootstrap confidence interval of 2.84–4.38 dB (Fig. 3d). MAE 

and RMSE were 7.09 and 9.36 dB, with 95 % confidence intervals of 6.58–7.63 and 8.66–10.09 dB, respectively. The Pearson 195 

correlation coefficient was 0.489, with a 95 % confidence interval of 0.405–0.566. 

 
 

(a) (b) 

  
(c) (d) 

Figure 3: Overall reflectivity comparison for the CORE sample between FY-3G PMR and the five-radar S-band network. (a) Joint 

distribution of FY-3G PMR S-band-equivalent reflectivity (ZPMR) and volume-matched ground-based S-band reflectivity (ZS-band); 

color shading denotes matched-pair density, the dashed line denotes 1:1 correspondence, and connected symbols show median PMR 

reflectivity in 2-dBZ ZS-band bins. (b) Probability-density distribution of ΔZ; vertical lines denote zero, the mean, and the median, 200 

and the annotation gives the interquartile range. (c) Radar-level distributions of ΔZ; gray segments denote the interquartile range, 

circles the median, and diamonds the mean. (d) Network-scale mean ΔZ, MAE, RMSE, and Pearson r, with 95% confidence intervals 

obtained by FY-3G-overpass case-cluster bootstrap. 

3.2. Conditioning-coordinate sensitivity of reflectivity dependence 

The conditioning-coordinate comparison was first examined using B3, defined as the CORE stratiform sample with both 205 

ZPMR and ZS-band restricted to at least 15 dBZ. This sample provides a relatively homogeneous precipitation regime while 

excluding weak-reflectivity pairs. Application of the exact-common-pair criteria retained 969,567 matched pairs, correspond-

ing to 99.82 % of the parent B3 sample. Under conventional ZS-band conditioning, the slope was sGR=−0.532 dB dBZ−1. 

Using the same matched pairs but conditioning on the symmetric Zpair coordinate, the slope weakened to spair=−0.101 dB 

dBZ−1 (Fig. 4a,b). The resulting conditioning-coordinate metric was A=spair−sGR=0.430 dB dBZ−1, with a 95 % FY-3G-210 
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overpass cluster-bootstrap confidence interval of 0.328–0.702 dB dBZ−1 (Fig. 4c,d). A similar response was found for the B3 

subset below the PMR bright band. In this subset, sGR was −0.507 dB dBZ−1, spair was 0.005 dB dBZ−1, and A was 0.513 

dB dBZ−1 (95 % CI: 0.384–0.755 dB dBZ−1). 

 
 

(a) (b) 

  
(c) (d) 

Figure 4: Conditioning-coordinate sensitivity of the reflectivity-dependent PMR–S-band difference. Panels (a) and (b) use exactly the 

same individual B3 matched reflectivity pairs satisfying both 15 ≤ ZS-band < 45 dBZ and 15 ≤ Zpair < 45 dBZ. The common observations 215 

are then binned separately according to the respective conditioning coordinate. (a) ΔZ conditioned on ZS-band, with the corresponding 

Theil–Sen fit. (b) ΔZ conditioned on the symmetric diagnostic coordinate Zpair, with the corresponding Theil–Sen fit. Shading in (a,b) 

denotes the interquartile range. (c) Paired sGR and spair estimates for B3 and the below-bright-band subset of B3. (d) A = spair − sGR with 

FY-3G-overpass case-cluster bootstrap 95% confidence intervals. Zpair is used only as a symmetric diagnostic coordinate. 

Positive A values were obtained for all seven predefined samples under exact common-pair support (Fig. 5a), with network-220 

scale estimates ranging from 0.430 to 0.580 dB dBZ−1. Differences between the two conditioning-coordinate fits were larger 

for B0, B2, and B5, which included more low-reflectivity observations, and smaller for B3 and B4. 

At the task level, most B3 estimates lay above the equal-slope diagonal in the sGR–spair plane (Fig. 5b). A was positive in 

100 of 104 eligible radar–overpass tasks (96.2 %). The task-level A distributions for B3 and the below-bright-band subset were 

both centered above zero (Fig. 5c), with positive values in 48 of 51 below-bright-band tasks (94.1 %). At the independent-225 

overpass level, Acase>0 for 73 of 76 B3 overpasses (96.1 %) and 38 of 40 below-bright-band overpasses (95.0 %). The cor-

responding median Acase values were 0.438 and 0.513 dB dBZ−1. 

Radar-level A also remained positive wherever the support criteria were met (Fig. 5d). For B3, A was 0.476, 0.344, 0.795, and 

0.716 dB dBZ−1 at Shenyang, Dalian, Dandong, and Yingkou, respectively. Across B0–B6, Dandong and Yingkou generally 
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had larger A than Shenyang and Dalian. Support was more limited for the convective B5 and B6 samples, particularly at Dalian, 230 

where only four tasks met the radar-level criteria. Huludao did not meet the radar-level support requirement for any predefined 

sample. 

 

 

(a) (b) 

  
(c) (d) 

Figure 5: Cross-sample, task-level, and radar-level variability of conditioning-coordinate sensitivity under exact common-pair sup-

port. (a) Network-scale paired sGR and spair estimates across B0–B6; their difference represents A. (b) Task-level joint distribution of 

sGR and spair for B3; the diagonal denotes equal slopes and color denotes task count. (c) Task-level distributions of A for B3 and its 235 

below-bright-band subset. (d) Radar × sample-set matrix of radar-level A; annotations give A and the number of supporting tasks, 

while gray cells indicate insufficient support. All paired slope comparisons use the same individual matched pairs for the two con-

ditioning coordinates. 

3.3. Precipitation-regime contrast under common observational support 

To improve comparability between stratiform and convective precipitation, the two regimes were compared only within com-240 

mon-support cells defined by the same radar, the same FY-3G overpass, and the same 2-dBZ Zpair bin. This restriction reduces 

differences in radar contribution, overpass composition, and reflectivity range between the two regimes. Under these criteria, 

P0 retained 84 radar–overpass tasks from 65 independent FY-3G overpasses, while P1 retained 75 tasks from 58 overpasses. 

Support varied with Zpair (Fig. 6a). For P0, the largest number of supporting tasks occurred between about 18 and 26 dBZ. 
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Requiring both reflectivities to be at least 15 dBZ in P1 mainly reduced support at the low-reflectivity end. Above about 26 245 

dBZ, P0 and P1 had similar task support. In both samples, support decreased rapidly toward higher reflectivity, with only a 

few tasks remaining above 40 dBZ. 

Within the P0 common-support cells, both stratiform and convective ΔZ generally decreased with increasing Zpair, while 

convective values were higher over most of the supported range (Fig. 6b). Considerable spread remained among task–bin cells. 

The within-cell convective-minus-stratiform contrast Dtb was positive in 14 of 15 Zpair bins for P0 and 11 of 15 bins for P1 250 

(Fig. 6c). For P0, median Dtb was generally about 4–6 dB over 22–40 dBZ, with larger values near 28–30 dBZ. For P1, Dtb 

was close to zero or slightly negative in the lowest-reflectivity bins and positive at moderate and higher reflectivity. 

  

(a) (b) 

 
 

(c) (d) 
Figure 6: Precipitation-regime-related reflectivity differences under common observational support. Common support is defined within 

the same radar, the same FY-3G overpass task, and the same 2-dBZ Zpair bin. (a) Numbers of supporting tasks across Zpair bins for P0 

and P1; numbers in parentheses denote independent FY-3G overpass cases. (b) Median stratiform and convective ΔZ within P0 com-255 

mon-support cells; shading denotes the interquartile range across supported task–bin cells. (c) Median within-cell convective-minus-

stratiform difference Dtb as a function of Zpair for P0 and P1; shading denotes the interquartile range. (d) Task-balanced network esti-

mates Rtype with FY-3G-overpass case-cluster bootstrap 95% confidence intervals. P0 uses CORE; P1 additionally requires both reflec-

tivities to be ≥15 dBZ. 
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After aggregation across eligible tasks, the task-balanced regime contrast Rtype was 4.06 dB for P0, with a 95 % confidence 260 

interval of 2.56–5.46 dB (Fig. 6d). For P1, Rtype was 2.59 dB, with a 95 % confidence interval of 0.93–4.27 dB. 

  

(a) (b) 

  
(c) (d) 

Figure 7: Task-, case-, and radar-level heterogeneity of precipitation-regime-related reflectivity differences. (a,b) Task × Zpair matrices 

of Dtb for P0 and P1 using the same zero-centered diverging color scale; gray cells indicate insufficient common support. Tasks are 

ordered separately by Rtask within each sample set, so rows in (a) and (b) do not represent paired task identities. (c) Distributions of Rtask 

and Rcase for P0 and P1. (d) Radar-level median Rtask for P0 and P1 across radars with sufficient support. 265 

Regime contrasts varied among individual radar–overpass tasks and reflectivity intervals (Fig. 7a,b). Both positive and nega-

tive Dtb values occurred, and their magnitude and reflectivity dependence differed among tasks. Positive Rtask values occurred 

in 68 of 84 P0 tasks (81.0 %) and 59 of 75 P1 tasks (78.7 %). At the independent-overpass level, Rcase>0 for 51 of 65 P0 

cases (78.5 %) and 43 of 58 P1 cases (74.1 %) (Fig. 7c). The task- and case-level distributions crossed zero, but positive values 

were more frequent. 270 

Radar-level summaries also varied among sites (Fig. 7d). All four radars with sufficient support had positive median Rtask for 

P0. Under P1, Shenyang, Dandong, and Yingkou remained positive, whereas Dalian was close to zero and slightly negative. 

The largest radar-level contrasts occurred at Yingkou and Dandong. 
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3.4. Robustness to aggregation and warm-season composition 

Summary estimates varied with the observational unit used for aggregation (Fig. 8a,b). The median-based ΔZ summaries were 275 

3.25, 3.77, and 2.74 dB under sample-weighted, task-balanced, and radar-balanced aggregation, respectively. The condition-

ing-coordinate metric A remained positive under all three schemes, with values of 0.475 dB dBZ−1 (95 % CI: 0.372–0.720), 

0.673 dB dBZ−1 (0.586–0.851), and 0.610 dB dBZ−1 (0.524–0.866), respectively. The corresponding precipitation-regime 

contrasts Rtype were 3.24, 4.06, and 4.34 dB. 

. 280 

 

 

(a) (b) 

 

 
(c) (d) 

Figure 8: Sensitivity of the overall reflectivity difference, conditioning-coordinate metric, and precipitation-regime difference to statis-

tical weighting and warm-season composition. (a) Median-based ΔZ summaries under sample-weighted, task-balanced, and radar-

balanced aggregation; error bars denote 95% confidence intervals. (b) Exact-common conditioning-coordinate metric A and precipita-

tion-regime metric Rtype under the same weighting schemes, with 95% confidence intervals. (c) Radar contributions to CORE matched-

pair counts and radar-specific FY-3G overpass support in 2024 and 2025. (d) Signed task-balanced 2025-minus-2024 differences in 285 

overall ΔZ and A, with 95% confidence intervals. 

Sample size and radar contribution also differed between the two warm seasons (Fig. 8c). CORE contained 978,111 matched 

pairs from 87 network-unique FY-3G overpasses in 2024 and 638,671 pairs from 59 overpasses in 2025. The relative contri-

butions of individual radars and their overpass support also changed between years. 
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Under task-balanced aggregation, the overall ΔZ was lower in 2025 than in 2024. The 2025-minus-2024 difference was −1.39 290 

dB, with a 95 % confidence interval of −2.45 to −0.30 dB (Fig. 8d). By comparison, the task-balanced conditioning-coordinate 

metric was similar between years: A=0.673 dB dBZ−1 in 2024 and 0.689 dB dBZ−1 in 2025. The corresponding difference 

was 0.016 dB dBZ−1 (95 % CI: −0.181 to 0.341 dB dBZ−1). 

4. Discussion 

Previous FY-3G PMR evaluations have reported reflectivity-dependent differences between PMR and ground-based radar 295 

observations, with variations related to reflectivity level, precipitation type, radar network, and observing conditions (He et al., 

2025; Chen et al., 2025; Hu et al., 2025; Shang et al., 2026; Zhang et al., 2026). In the present analysis, using exactly the same 

matched pairs, the negative slope obtained under conventional ground-radar conditioning became much weaker when the 

paired mean was used as the conditioning coordinate. Because ground-radar reflectivity enters both ΔZ and the conventional 

conditioning axis, measurement uncertainty in the ground-radar observation can contribute to the apparent dependence (Bland 300 

and Altman, 1995). The paired mean avoids assigning either radar as the conditioning reference, while calibration differences, 

beam sampling, attenuation, frequency-related effects, and residual collocation differences may still contribute to the remain-

ing relationship (Warren et al., 2018; Keem et al., 2019; Wu et al., 2023; Chen et al., 2025). The positive conditioning-coor-

dinate response was found across the predefined samples, most eligible radar–overpass tasks and independent overpasses, and 

all radars with sufficient support. It also remained positive under sample-, task-, and radar-balanced aggregation and was 305 

similar between the 2024 and 2025 warm seasons. By comparison, the overall ΔZ varied more with aggregation scheme and 

between years. A reflectivity-dependent slope obtained from a single conditioning coordinate therefore does not fully charac-

terize the dependence between the two measurements. 

Previous FY-3G studies have generally reported larger PMR–ground-radar discrepancies for convective than for stratiform 

precipitation (He et al., 2025; Chen et al., 2025). In the present dataset, the two regimes also differed in reflectivity range, 310 

radar contribution, and overpass composition. When the comparison was restricted to the same radar–overpass task and the 

same Zpair interval, the convective-minus-stratiform contrast remained predominantly positive, although its magnitude de-

creased after both reflectivities were restricted to at least 15 dBZ. Differences in observational support therefore account for 

part of the pooled regime contrast. The remaining difference may be associated with three-dimensional precipitation structure, 

nonuniform beam filling, attenuation, frequency-dependent radar response, and vertical reflectivity gradients (Grecu et al., 315 

2016; Liao and Meneghini, 2019; Meneghini et al., 2021; Wu et al., 2023). The contrast also varied among tasks, independent 

overpasses, and radar sites, with both positive and negative values occurring locally. Because precipitation type was defined 

from the PMR classification, the residual contrast represents the regime dependence of the PMR–ground-radar comparison. 

Taken together, the analysis shows that conditioning-coordinate choice, common observational support, and aggregation level 

can materially affect both the magnitude and interpretation of spaceborne–ground radar reflectivity comparisons. 320 
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5. Conclusions 

Using FY-3G PMR observations from the 2024 and 2025 warm seasons and five operational S-band radars in Liaoning Prov-

ince, this study examined the robustness of spaceborne–ground radar reflectivity comparisons to conditioning coordinate, ob-

servational support, and aggregation. 

1. The overall PMR–S-band reflectivity difference varied with radar composition, aggregation scheme, and warm season. 325 

Network-scale ΔZ therefore depended on the observational composition of the matched dataset.  

2. The inferred reflectivity dependence changed with the conditioning coordinate. Using exactly the same matched pairs, 

the negative ΔZ–reflectivity slope obtained under conventional ground-radar conditioning became much weaker un-

der the paired-mean coordinate. This response was found across predefined samples, most eligible radar–overpass 

tasks and independent overpasses, and all radars with sufficient support.  330 

3. The convective-minus-stratiform contrast remained predominantly positive after the two regimes were compared 

within the same radar–overpass task and Zpair interval. Its magnitude decreased under the stricter reflectivity-support 

definition and varied among tasks, overpasses, and radars, indicating that observational support accounts for part of 

the pooled regime contrast.  

Together, these results show that conditioning-coordinate choice, common observational support, and aggregation level affect 335 

the magnitude and interpretation of spaceborne–ground radar reflectivity comparisons. 
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