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Abstract 17 

The relationship between extreme precipitation intensity and temperature has been 18 

comprehensively studied over different regions worldwide.  However, the effect of 19 

temperature on the spatio-temporal organization of precipitation, which can have a 20 

significant impact on precipitation intensity, has not been adequately studied or understood. 21 

In this study, we propose a novel approach to quantifying the spatial and temporal 22 

concentration of precipitation at the event level and study how the concentration varies 23 

with temperature. The results based on rain gauge data from 843 stations in the Ganzhou 24 

county, a humid region in south China, show that rain events tend to be more concentrated 25 

both temporally and spatially at higher temperature, and this increase in concentration 26 

qualitatively holds for events of different precipitation amounts and durations. The effects 27 

of temperature on precipitation organization in space and in time differ at high 28 

temperatures. The temporal concentration increases with temperature up to a threshold 29 

(approximately 24°C) beyond which it plateaus, whereas the spatial concentration keeps 30 

rising with temperature. More concentrated precipitation, in addition to a projected increase 31 

of extreme precipitation, would intensify flooding in a warming world, causing more 32 

detrimental effects. 33 
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1. Introduction 37 

Global climate changes have been observed with an evident increase in both 38 

temperature and precipitation throughout the last century (Alexander et al. 2006). An 39 

important consequence of a warming climate is the increase of precipitation extremes, 40 

as supported by both observational and model-based studies (Christensen and 41 

Christensen 2004; Wang et al. 2007; Papalexiou and Montanari 2019). As intensified 42 

extreme precipitation events likely cause more serious damage to the ecosystems, 43 

economy, and society (Chen et al. 2012; Pei et al. 2016; Peleg et al. 2020; Weyhenmeyer 44 

et al. 2004), assessing the impact of temperature on precipitation and possible future 45 

changes of precipitation events is crucial for guiding climate adaptation efforts.   46 

Previous studies on the relationship between precipitation and temperature focus 47 

mostly on how precipitation amount and intensity change with rising temperature and 48 

what factors confound this relationship. According to the Clausius-Clapeyron (CC) 49 

equation, the capacity of the atmosphere to hold water vapor increases with rising 50 

temperature at a rate of about 7% per °C (termed as the CC scaling rate), thus extreme 51 

precipitation intensity is expected to increase with temperature at a similar rate (termed 52 

as the precipitation scaling). However, observations demonstrate that the local 53 

precipitation scaling is not always consistent with the CC scaling rate. A quasi-global 54 

assessment of the precipitation-temperature relation (Wasko et al. 2016a) shows that 55 

precipitation scaling greatly varies with region, ranging from negative scaling to double 56 

CC scaling. Further studies imply that the precipitation scaling may be influenced by 57 
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relative humidity (Hardwick Jones et al. 2010), time scale (Utsumi et al. 2011), and even 58 

precipitation type (Berg et al. 2013). Recent studies show that the scaling can be quite 59 

consistent if proper methods are used. For example, Visser et al. (2020) found that the 60 

extreme precipitation-temperature scaling is quite consistent across Australia when 61 

using the dry-bulb temperature just prior to precipitation. The use of dew-point 62 

temperature also helps increase the consistency in such scaling (Fowler et al. 2021). 63 

However, the rate of precipitation scaling with temperature still varies across regions. In 64 

a recent study, Lochbihler et al. (2017) pointed out that the higher rate of precipitation 65 

scaling tends to coincide with a larger spatial extent, which highlights the importance of 66 

the spatial rainfall characteristics in explaining the precipitation-temperature 67 

relationship. Furthermore, how the spatio-temporal characteristics of precipitation might 68 

change with temperature bears direct relevance to the scaling of precipitation intensity.  69 

How temperature influences the spatio-temporal characteristics of precipitation has 70 

been tackled by several recent studies. Wasko and Sharma (2015) found that the 71 

temporal distribution of rainfall tends to be less uniform in warmer environments based 72 

on measurements at 79 gauge stations in Australia. Using the same measurements in 73 

Australia, Wasko et al. (2016b) show that rainfall is more concentrated in the storm 74 

center with a reduced spatial extent at high temperature, which was subsequently 75 

confirmed by a modeling study on the Greater Sydney region (Li et al. (2018)). Based 76 

on high-resolution weather radar data over the Mediterranean, Peleg et al. (2018) found 77 

the storm area decreases with warmer temperatures. Consistent with the observational 78 

evidence, climate models also projected substantially higher intensity of heavy 79 
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precipitation in a warmer climate under the future emission scenarios (Prein et al., 2017; 80 

Rastogi et al. 2020). These studies were carried out for relatively dry climate zones in 81 

Australia and the Mediterranean, and focused on the impact of temperature on either 82 

temporal or spatial organization. A more comprehensive study is needed to investigate 83 

the precipitation organization in both space and time and its relationship with 84 

temperature, especially for relatively humid climate regimes. 85 

The temporal or spatial concentration of precipitation, which is an indicator of 86 

rainfall distribution over time or space, is an important feature of rainfall events. 87 

Different indices have been proposed to quantify precipitation concentration. For 88 

temporal concentration, Martin-Vide (2004) proposed the Concentration Index (CI), 89 

which measures the ratio of heavy rain to total rainfall, based on the Gini index concept 90 

to quantify the unevenness of long precipitation time series. Although CI is widely used 91 

to characterize the temporal concentration of daily rainfall, it requires data with a long 92 

time series and thus not suitable for rainfall analysis at the event scale. Another index 93 

termed Precipitation Concentration Index (PCI) measures the temporal unevenness of 94 

precipitation, based on the deviation between the square of sum and the quadratic sum 95 

of precipitation series (Oliver 2010). PCI has been used to evaluate the concentration of 96 

precipitation series at different time scales, such as the monthly scale (de Luis et al. 2011) 97 

and the seasonal scale (de Luis et al. 2010). The advantage of PCI is that it can be applied 98 

to precipitation time series of any length. However, the PCI-based results are not 99 

comparable between precipitation time series of different lengths, as the length of data 100 

has a direct influence on the results. As for spatial concentration, Lochbihler et al. (2017) 101 

https://agupubs.onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Rastogi%2C+Deeksha
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defined the spatial extent of rainfall as the square root of the continuous area with rainfall 102 

intensity exceeding a threshold and applied this definition to the evaluation of spatial 103 

precipitation concentration. Wasko et al. (2016b) used the concept of effective radius, 104 

which is a precipitation-weighted distance from the centroid of the storm, to assess how 105 

spatially concentrated the storm is.  106 

Existing indices pertain to rainfall concentration either in space or in time. A unified 107 

approach applicable to concentration in both space and time is lacking. Moreover, 108 

existing indices cannot reflect the nature of the spatio-temporal organization in a way 109 

relevant to flood risk. In addition, it is not clear whether the rainfall concentration-110 

temperature relationship found in arid and Mediterranean climates might hold in more 111 

humid climate regimes. In this paper, we propose new indices to represent temporal and 112 

spatial concentration at the rain event scale in a unified framework; we then apply the 113 

definitions and their calculations to precipitation gauge measurements and investigate 114 

how the precipitation concentration might change with temperature. 115 

2. Study Area, Data, and Methods 116 

In this paper, we take Ganzhou, a county located in Jiangxi province, China, as our 117 

study area. Ganzhou is 39380 km2 in area, covering longitude 113.5oE – 117.0oE and 118 

latitude 24.5oN – 27.5oN with a subtropical humid monsoon climate. Two types of data, 119 

rainfall, and temperature are used for analysis. The rainfall dataset is from measurements 120 

at gauge stations in the Ganzhou region, which contains 843 valid rainfall stations and 121 

spans a period of 5 years from 2013 to 2018 (Figure 1). The gauge stations are quite 122 
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evenly distributed over the region. Snowfall is excluded from the analysis as it rarely 123 

occurs in this region and cannot be accurately measured by the tipping bucket at the 124 

gauge stations. Rainfall data is recorded at a 5-minute interval for each rain event. As 125 

for temperature data, due to the absence of temperature records from the rain gauge 126 

stations, we use a gridded temperature data, the CMA Land Data Assimilation System 127 

(CLDAS) 2-meter air temperature (Zhao et al. 2018) as surrogates for gauge 128 

measurements in this study. The CLDAS temperature dataset has a temporal resolution 129 

of 1 hour and a spatial resolution of 0.0625°. As spatial scales are different between rain 130 

gauge measurements and CLDAS temperature, we match the rainfall data at each station 131 

with the temperature data at the CLDAS grid cell encompassing the gauge station. 132 

With the paired rainfall and temperature data, we split the time series data into a 133 

number of rain events according to the duration between two events, and this is done for 134 

each station separately. To define rain events, we take a threshold that is five times of 135 

the data temporal resolution following the approach of Wasko et al. (2016b). Specifically, 136 

if the dry period between two continuous series of rain is longer than five times of the 137 

temporal resolution (i.e., 25 minutes), these two series are considered as two separate 138 

rain events. We finally obtain 242841 rain events from the original data. Figure 2 shows 139 

the statistics of these rain events, including the number of rain events and their spatial 140 

distribution, and histograms of rain duration and amount. The number of events at each 141 

station approximately ranges from 150 to 400. Most events last less than 14 hours, with 142 

rain amount less than 100 mm.  143 
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We calculate the rainfall amount, duration, and the concurrent temperature for each 144 

rain event, where the concurrent temperature is estimated as the arithmetic mean of 145 

hourly temperature during the rain event. 146 

Inspired by the concept of CI proposed by Martin-Vide (2004), we propose new 147 

indices to represent the concentration of rainfall in time and space, respectively for 148 

rainfall events within a unified framework. Conceptually, the temporal concentration 149 

index (TCI) of a rain event measures the deviation of the cumulative rainfall over any 150 

portion of an actual rain event from that of an assumed evenly distributed rain event with 151 

the same amount. For each event, the cumulative series include cumulative rain amounts 152 

corresponding to durations surrounding the temporal center of the event (i.e., the most 153 

concentrated point in the temporal distribution of rainfall). For any given temporal center, 154 

the accumulation starts with rainfall in the interval at the temporal center; rainfall is then 155 

added to the accumulation one interval at a time, starting from the interval(s) closest to 156 

the temporal center and extending outward. For intervals with the same time difference 157 

from the temporal center, the interval with more rainfall is added first. It is important to 158 

identify the temporal center of rain events in calculating TCI. However, automatically 159 

identifying the center is challenging, as the time point at which the strongest rain occurs 160 

is not always the temporal center in a rain event. For practical use, we calculate TCI 161 

using each time point during a rain event as the hypothetical temporal center; the largest 162 

TCI identifies the true temporal center and is taken as the final TCI of the event. As 163 

shown in Figure 3, the detailed calculation procedure has 5 steps:  164 
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Step 1. choose a time point as the hypothetical temporal center, and mark this point 165 

as time ID 1 (Figure 3a). 166 

Step 2. mark the two time points next to the temporal center as time IDs 2 and 3 167 

(the point with larger rainfall in these two points ranks higher), and mark the remaining 168 

time points as time IDs 4, 5, and so on (Figure 3a). 169 

Step 3. calculate the cumulative rainfall corresponding to each ID, and plot the 170 

curve for the cumulative rainfall vs. accumulation time. The curve starts from the 171 

coordinate origin (0, 0) and ends at (T, P) where T and P are the duration and total rainfall 172 

of the rain event, respectively (Figure 3a).  173 

Step 4. calculate the difference between the curve of actual rain event obtained in 174 

step 3 (Figure 3b) and the straight line that represents an evenly distributed rain event 175 

(Figure 3c). The difference is represented by the area dA enclosed by the curve and the 176 

straight line connecting (0, 0) and (T, P) in Figure 3d. The ratio of dA to the triangle area 177 

A is the TCI for the chosen temporal center in a rain event, i.e., to what degree rainfall 178 

is concentrated around the chosen time point during the event. It is noted that the areas 179 

above the straight line are taken with a positive sign, whereas those under the straight 180 

line are taken with a negative sign. 181 

Step 5. treat each remaining time points as the hypothetical temporal center and 182 

repeat steps 1-4 to calculate TCI (Figure 3e).  183 
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At the end of step 5, every time point during the rain event will have a 184 

corresponding TCI value; the time point with the largest TCI value is the actual temporal 185 

center of the rain event, and the corresponding TCI value is considered the final TCI of 186 

the rain event (Figure 3e). 187 

The final TCI varies from 0 to 1. More exactly, it is equal to or greater than 0, and 188 

less than 1, as rainfall is not possibly concentrated in a nearly zero interval. An index 189 

value closer to 1 indicates that rainfall is highly concentrated in time, whereas the value 190 

closer to 0 means a more uniform rain event. This is not without exception. For an 191 

idealized, temporally symmetric bi-modal rainfall process that reaches its maximum 192 

intensity at the very beginning and very end of the event, the event TCI value approaches 193 

or may even equals zero. However, this type of events is extremely rare in reality and is 194 

non-existent in our station records; most events start and/or end with lighter rain, which 195 

effectively steers the TCI value away from zero towards a positive value. This exception 196 

therefore does not affect the results and the conclusion of this study. The range between 197 

0 and 1 makes TCI comparable among rain events of different durations. In addition, 198 

TCI represents the temporal concentration around the temporal center in a rain event 199 

instead of the unevenness of a rain series. This is of great significance for flooding, as 200 

more concentrated rainfall around the rain center with a large amount of total rainfall 201 

can lead to a more disastrous flood. 202 

Similar to the concept of TCI, we propose a spatial concentration index (SCI) to 203 

represent how rainfall concentrates in space for a rain event. First, we define the rain 204 
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event from the spatial perspective following Wasko et al. (2016b). A spatial event for 205 

any central gauge is defined by concurrent rainfall at neighboring gauges within a radius 206 

of 20 km from the central gauge in a 5-minute temporal interval, and SCI is calculated 207 

for each spatial event. As such, a rain event is recorded as a set of stations and their 208 

corresponding rainfall amounts from the spatial perspective (Figure 4a). We then plot 209 

the rain amount at each station (including the central station and its neighboring stations) 210 

according to its distance from the central station, as shown in Figure 4b. Similar to the 211 

procedure in calculating TCI, we take the central station as the assumed spatial center, 212 

calculate the accumulative rainfall with respect to distance (red line in Figure 4c), and 213 

estimate the relative difference in the cumulative rainfall between the actual rain event 214 

and an assumed evenly distributed rain event with the same total amount. A meaningful 215 

SCI value for a spatial rain event largely relies on the selection of the spatial center of 216 

the event. To identify the spatial center, we use a similar method used to identify the 217 

temporal center in the TCI calculation. We take each station as the presumable spatial 218 

center and calculate the corresponding SCI using the aforementioned procedure, and 219 

adopt the largest SCI as the final SCI for a specific rain event. The range of the final SCI 220 

is between 0-1, similar to TCI. 221 

With the proposed TCI and SCI, we calculate the values of the two indices for all 222 

rain events, and study the characteristics of the indices and their relationships with 223 

temperature. It is noted that temperature for a rain event in the TCI calculation is 224 

estimated as the arithmetic mean of hourly temperature during the event, and the 225 
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estimates of temperature for a spatial rain event in the SCI calculation is based on the 226 

arithmetic mean of temperature on the grid cells within the radius threshold. 227 

3. Results and Discussions 228 

a. Temporal concentration of rain events and its relation with temperature 229 

To minimize the uncertainty associated with short-duration events, we remove all 230 

events shorter than 1 hour, and only keep those that are more than 1 hour in duration 231 

(i.e., with 12 or more time steps) for the analysis. Figure 5a shows the distribution of 232 

TCI values of all the selected events. The distribution of TCI can be well described by a 233 

Beta distribution function, indicating that rain events with different temporal 234 

concentrations do not occur with the same probability. Events with moderate temporal 235 

concentration (around 0.2 of TCI) occur more frequently, whereas those with high 236 

temporal concentration and those with nearly uniform distribution account for a small 237 

portion of total events.  238 

Furthermore, to explore the effect of temperature on the distribution of temporal 239 

concentration of rain events, we divide the events into two groups according to 240 

temperature: one containing events occurring at temperatures lower than 20°C, and the 241 

other containing the rest. Figure 5b shows the corresponding TCI distribution for the two 242 

groups of rain events, which can also be described by a Beta distribution. Both the 243 

sample distribution and the fitted Beta distribution of TCI (Figure 5b) indicates that the 244 

two temperature groups differ from each other. A Kolmogorov–Smirnov (K-S) test 245 
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applied to the cumulative distributions indicates the difference is statistically significant, 246 

which is verified by a close-to-zero p-value (Figure 5c) and sufficiently large sample 247 

sizes of the two groups (Figure 5d). Most events in the lower temperature group have 248 

TCI values ranging from 0.2 to 0.4 and fewer events have TCI values greater than 0.4, 249 

whereas approximately half of the events in the higher temperature group have TCI 250 

values greater than 0.4. This indicates a potential dependence of the temporal 251 

concentration of rain events on temperature, i.e., rain events may be more temporally 252 

concentrated under warmer conditions.  253 

To confirm this assumption, we carry out further analysis using a binning method. 254 

With a compromise between the number of bins and the sample size in each bin, we 255 

choose a bin size of 2 ℃ and divide the events with temperature ranging from 5 to 30 256 

℃ into 12 bins, and calculate the average TCI values within each bin. It is evident that 257 

the bin-average TCI value increases with temperature within the range of 5 to 24 ℃ and 258 

plateaus at temperatures beyond 24℃ (Figure 6a). Similar results are obtained when 259 

stratifying the analysis according to event-scale rainfall amount (e.g., 50th, 75th, and 90th 260 

percentiles). The increasing trends of all groups in Figure 6a are significant at the 99% 261 

confidence level, which is supported by the statistical test with a Spearman correlation 262 

method. The 95% confidence interval of the TCI-temperature curve for all events is 263 

small (Figure 6b). The ascending pattern of the temporal concentration with increasing 264 

temperature within the range of 5 to 24 ℃ is consistent with the findings of Wasko and 265 

Sharma (2015) that higher temperatures induce a less uniform temporal pattern (i.e., a 266 

temporally more concentrated pattern) of rainfall. Besides, our results seem to reveal a 267 
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temperature threshold beyond which the increase of the bin-average TCI stagnates. The 268 

threshold of 24 ℃ is similar to the peak‐point temperature in the precipitation scaling 269 

with temperature (Utsumi et al. 2011; Xiao et al. 2016).  270 

The peak structure of the relationship between extreme precipitation intensity and 271 

temperature is widely observed over the globe (Wang et al. 2017). Extreme precipitation 272 

increases with temperature below a temperature threshold beyond which extreme 273 

precipitation plateaus or even decreases with the increase of temperature. There are 274 

several possible underlying mechanisms for the peak structure. For instance, Utsumi et 275 

al. (2011) found that the decrease of the rain duration could well explain why extreme 276 

daily precipitation intensity decrease at higher temperatures. Hardwick Jones et al. 277 

(2010) suggested that moisture availability is the dominant driver of how extreme 278 

precipitation scales with rising temperature. A similar temperature threshold for the 279 

relationship between temporal precipitation concentration and temperature found in our 280 

study may offer a new clue to explain the behavior of extreme precipitation at high 281 

temperature. That is, the limited temporal concentration of precipitation events at higher 282 

temperatures may be one of the reasons why extreme precipitation intensity does not 283 

continue to increase at higher temperature, a topic warranting further studies in the 284 

future. 285 

We investigate the effect of rain duration on the temporal concentration-286 

temperature relationship by dividing the events into four groups according to the rain 287 

duration (Figure 6c). The events with durations of 1-2 hours, 2-3 hours, and 3-4 hours 288 
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account for 33.8%, 23.7%, and 15.5% of total rain events, respectively. Similarly, the 289 

TCI increases with rising temperature within the range of 5 to 24 ℃ and plateaus at 290 

temperatures higher than 24 ℃. However, rain events with shorter durations tend to have 291 

higher temporal concentration under the same temperature range, as convective rain 292 

accounts for the majority of short-duration rain events and is usually more concentrated. 293 

In general, Figure 6 confirms the robustness of the relationship between the rainfall 294 

temporal concentration and temperature, no matter how long a rain event lasts. 295 

However, different temperature sampling (e.g. use of pre-storm temperature or dew 296 

point) may influence the results (Visser et al., 2020), and such potential sensitivity will 297 

be explored in followup research. 298 

Event separation is the first step in the aforementioned analysis and is accomplished 299 

by comparing the dry period between any two rainfall series against a threshold. To 300 

examine the results sensitivity to this duration threshold, we experiment on separating 301 

rain events using different thresholds (e.g., 50 and 75 minutes) besides the 25 minutes 302 

used in the primary analysis. The TCI characteristics and their relationship with 303 

temperature remain similar when a different separation threshold is used (Figure 7), 304 

suggesting that the TCI-temperature relationship is independent of how rain events are 305 

separated. 306 

b. Spatial concentration of rain events and its relation to temperature 307 

Using a similar approach, we study the relationship between the spatial 308 

concentration of rain events and temperature. Figure 8 shows the SCI distribution and 309 
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how it differs between warmer (above 20℃) and cooler (below 20℃) conditions. 310 

Different from the Beta distribution for TCI (Figure 5), SCI is better described by a Wald 311 

distribution (Figure 8a). Similar to TCI, the SCI distribution is significantly different 312 

between the two temperature groups based on a K-S test (Figure 8b-8d). The bin-average 313 

SCI continually increases with temperature in the full temperature range when all events 314 

are lumped together, and its 95% confidence interval is quite small (Figure 9a and 9b). 315 

A similar SCI-temperature relationship is found when the analysis is stratified according 316 

to rain amount, showing little difference between low- and high-percentile events 317 

(Figure 9a). The increase of SCI with temperature is consistent with the finding of 318 

Wasko et al. (2016b) that storms become spatially more concentrated at higher 319 

temperatures with an increase of the peak precipitation intensity and a decrease of the 320 

spatial extent. Comparing Figure 6a with Figure 9a, we can find that the spatial 321 

concentration index keeps rising as temperature increases, which is different from the 322 

relationship between the temporal concentration and temperature. This may reveal that 323 

the underlying mechanisms are different between the spatial dimension and the temporal 324 

dimension in terms of how temperature affects the concentration. Water vapor 325 

redistribution in space under warmer conditions is considered as the main reason for 326 

higher concentration with rising temperature (Wasko et al. 2016b). Moreover, our results 327 

also indicate that rain events with longer durations tend to be more evenly distributed in 328 

space (Figure 9c), which is similar to the effect of duration on the temporal concentration 329 

(Figure 6c). Note that the study area is located in south China with a subtropical climate. 330 

Both frontal and convective rain are common. The majority of the long-duration rain 331 
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events are of frontal type, which usually spread relatively uniformly over a large region. 332 

The scaling rate of TCI and SCI with temperature indicated by Figure 6a and Figure 9a 333 

do not show clear spatial variation (not shown), probably because the study region is not 334 

large enough and does not span different climate regimes. 335 

The radius used to identify neighboring gauges for any given central gauge is a key 336 

parameter in defining the spatial event, and its value may influence the SCI 337 

characteristics and their relationship with temperature. To examine its impact on the 338 

results, we carry out a sensitivity experiment in which the same SCI analysis procedure 339 

is repeated multiple times, each with a different radius. As shown in Figure 10, the SCI-340 

temperature relationships are very similar under different radiuses, which confirms the 341 

robustness of the relationship. 342 

4. Summary 343 

In this study, we propose a novel approach to quantifying the precipitation 344 

concentration in both time and space at the rain event level and study how the 345 

concentration changes with temperature. The proposed approach defines the temporal 346 

concentration and the spatial concentration of precipitation in a unified framework. 347 

Different from previous indices that characterize the unevenness of precipitation time 348 

series, the concentration indices defined in this study reflect how rainfall is concentrated 349 

around the temporal or spatial center, which is a more relevant indicator for flood risks. 350 
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Results based on analysis of rain gage data from 843 stations in a humid region of 351 

China show that rainfall events tend to be more concentrated both temporally and 352 

spatially under higher temperature. This suggests that warmer condition not only 353 

increases the moisture holding capacity of the atmosphere thus increasing rain intensity, 354 

but also enhances the spatio-temporal concentration of rain events. The temperature-355 

induced concentration enhancement in both space and time are robust, and do not depend 356 

on rain amount and duration. The spatial concentration of rainfall continues to increase 357 

with rising temperature, whereas the temporal concentration plateaus when temperature 358 

exceeds a certain threshold. However, this should be interpreted with caution, as the 359 

number of bins with temperature higher than 24℃ is limited, and the sample size within 360 

each bin is small too.  361 

More concentrated precipitation, in addition to a projected increase of extreme 362 

precipitation, would intensify flooding in a warmer world, causing more detrimental 363 

effects.  The spatial and temporal concentration indices proposed in this study therefore 364 

provide important new metrics of precipitation characteristics that are highly relevant 365 

for evaluating flood risks in a changing climate. As the relationship between 366 

precipitation concentration and temperature may depends on the background climate, 367 

follow-up research should explore this topic across different climate regimes to test 368 

whether findings from this study may be transferable to other regions.   369 

 370 
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Figure 1. Location of the study area (Ganzhou) and selected rainfall stations.  489 
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Figure 2. The statistics of the selected rain events. (a) the number of events recorded at 491 

each station; (b) the distribution of number of events in terms of station number; (c) the 492 

distribution of duration of events in terms of event number; (d) the distribution of total 493 

amount of rain in terms of event number. 494 
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Figure 3.  The procedure on the calculation of temporal concentration index (TCI). (a) 496 

calculation of accumulative rain sequence with assumed temporal center marked 1 for 497 

the temporal distribution of an actual rain event shown in (b); (c) a hypothetical rain 498 

event with uniform distribution of the same total rainfall amount; (d) the cumulative 499 

rain curves of the actual rain event and of the hypothetical uniformly distributed rain 500 

event; (e) TCIs derived using each point as the temporal center, where the largest value 501 

is identified in red as the final TCI. 502 
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Figure 4.  The procedure on the calculation of spatial concentration index (SCI). (a) 505 

An example of a central station and nearby stations within a specified radius; (b) rain 506 

at individual stations organized according to their distances from the central station; (c) 507 

the accumulative rain amount within a given distance from the central station for an 508 

actual rain event (red) and for a hypothetical spatially uniform rain event (blue). 509 
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Figure 5.  Sample distribution and fitted Beta distribution of TCI for (a) all rain events 511 

and (b) events at temperatures below 20 ℃ (blue) and above 20 ℃ (red), where dash 512 

lines represent the fitted Beta distributions; (c) cumulative distribution of TCI and (d) 513 

the total number of  rain events at temperatures below 20 ℃ (blue) and above 20 ℃ 514 

(red). 515 
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Figure 6.  The relationship between bin-average TCI and temperature for (a) all events 517 

and the events with rainfall amount beyond the percentile of 50th, 75th, and 90th, 518 

respectively, where the bar shows the number of events within each bin; (b) all events 519 

with the 95% confidence interval; (c) events with durations of 1-2 hours, 2-3 hours, 3-520 

4 hours, and longer than 4 hours, respectively, where the bars show the number of 521 

events within each bin. 522 
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Figure 7. The TCI-temperature relationship sensitivity to different duration thresholds 525 

(25, 50, and 75 minutes) used for rain event separation, for comparison with Figures 5 526 

and 6. The values of duration threshold are shown at the top of each column.527 
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Figure 8. The distribution of SCI for (a) all rain events and for (b) events at temperatures 530 

below 20 ℃ (blue) and above 20 ℃ (red), where the dash lines represent the fitted Wald 531 

distributions; (c) cumulative distribution of SCI for eventsat temperatures below 20 ℃ 532 

(blue) and above 20 ℃ (red), and (d) the number of events in different temperature 533 

groups.  534 
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Figure 9.  The relationship between the bin-average SCI and temperature for (a) all 536 

events and the events with precipitation amount beyond the 50th, 75th, and 90th percentiles 537 

respectively, where the bars show the number of events within each bin; (b) all events 538 

with the 95% confidence interval; (c) the relationship between the bin-average SCI and 539 

the corresponding duration. Note that SCI is binned according to duration in (c). 540 
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Figure 10. The SCI-temperature relationship sensitivity to different radiuses (15, 20, 25, 30, and 40 km), for comparison with 542 

Figures 8 and 9. The radius values are shown at the top of each column. 543 
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