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Under the effect of global warming, more precipitation will shift to rainfall in cryospheric regions. Considering the influence of the precipitation type on surface energy and mass cycles, it is important to determine the specific precipitation features and to classify the precipitation type in key areas correctly. We analyzed the monthly distribution, variations in each precipitation type’s annual days, and trends based on daily precipitation and air temperature observations from six tripolar stations. The results indicated that snow dominated the precipitation type at Zhongshan station (69.4°S, 76.4°E) throughout the year, while the Greatwall station (62.2°S, 59.0°W) exhibited a relatively diverse precipitation type distribution and significant seasonal cycles. Compared to the Greatwall station, every precipitation type was less frequently encountered at the Barrow (71.3°N, 156.8°W), Coral Harbour (64.2°N, 83.4°W), Linzhi (29.6°N, 94.5°E), and Maqu stations (34°N, 102.1°E), in which all the sites demonstrated classical reverse seasonal variation. A consistent trend across the years was found regarding the trends of the different precipitation types, except at the Greatwall and Coral Harbour stations. Due to snow/rain conditions partly converting into sleet conditions, which may be related to air temperature changes and synoptic atmospheric activities, inconsistent increasing trends of the sleet days were observed compared to the snow/rain days. Furthermore, a hyperbolic parameterized model was also fitted to determine the air temperature threshold of precipitation type transitions in this paper. According to the threshold comparison results, a warm bias in the temperature threshold was found at the warm stations. We also proposed that high relative humidity and low freezing levels were the likely reasons for the ERA5 reanalysis datasets. Finally, this paper’s fitted parameterized model was proven to perform better than the ERA5 reanalysis datasets through validation. This preliminary research provides observational evidence and possible interpretation of the mechanism of precipitation type changes in tripolar areas.
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HIGHLIGHTS

• Data from six stations were used to analyze the different precipitation type characteristics of tripolar regions.
• Single-temperature thresholds of the precipitation type in tripolar regions were obtained and presented.
• A warm bias in the warm stations’ temperature threshold was found, and oceanic characteristics and low freezing levels were likely the main reasons.
• The precipitation type identification results based on the ERA5 product and new method were validated in tripolar regions.
INTRODUCTION
As an important weather phenomenon, precipitation affects the energy and mass cycles in nature via its different types (snow, rain, and sleet). For example, snow may cover the surface and interrupt the direct heat exchange between the soil and atmosphere, and increase the surface albedo to decrease the incoming radiation (Jakobs et al., 2018; Ding et al., 2020a). The surface energy balance is altered when snowfall occurs, while rain may also adjust the surface energy balance in certain ways through seepage into soil or albedo reduction over snow, facilitating notable ablation in key areas (Rennert et al., 2009; Cohen et al., 2015). Therefore, it is vital to ascertain whether precipitation occurs as snow or rain.
Many studies have addressed the precipitation features of mainly middle to high-latitude regions (Bourgouin, 2000; Dai, 2001; Sims and Liu, 2015). Sims and Liu (2015) investigated the influence of different geophysical parameters on the precipitation type and finally developed a parameterization scheme that could determine the conditional probability of solid precipitation based on meteorological input data to classify the precipitation type correctly. Dai (2001) also obtained the frequency of various precipitation types at the global scale and analyzed the geographical distribution and seasonal and interannual variations. To better identify the precipitation type, many studies have proposed relatively accurate parameterized models (Hux et al., 2001; Thériault et al., 2012; Ikeda et al., 2013). Unfortunately, most models’ application has been limited due to the lack of measurements of the necessary meteorological elements in polar areas and high mountains. Only a few studies on the characterization of the precipitation type with a single air temperature threshold parameter can be widely applied. For example, by using weather reports from land stations and ships, Liu (2008) calculated the conditional probability of snow precipitation as a function of the surface air temperature and found that a 50% probability occurred at an air temperature of approximately 2°C. In similar work by Dai (2008), who proposed a hyperbolic tangent parameterized model, the temperature thresholds over land areas (1.2°C) and oceans (1.9°C) were obtained based on observational records from 1977 to 2007.
As the most important heat sink on Earth, changes in tripolar regions profoundly impact the global atmosphere. Under the global warming effect, tripolar regions are more sensitive than other regions, which has resulted in a two-fold increase in the global average air temperature (Bekryaev et al., 2010; An et al., 2017; Huang et al., 2017). The rainfall-to-total precipitation ratio (RPR) has increased over the past decades, especially during spring (Dou et al., 2018). This may impose a domino effect on sea ice decline, vegetation growth, etc. However, related tripolar regional studies are rare (Ding et al., 2014; Han et al., 2018).
In summary, to enhance our understanding of precipitation type formation schemes and to further improve numerical models for precipitation type determination in tripolar regions, it is necessary to investigate the precipitation features and their thresholds in different climatologies. This study determines the seasonal cycles and trends of various precipitation types using precipitation and air temperature observations. Specific temperature thresholds to distinguish rain and snow are also obtained by a single parameterized model. We also examine the external reasons for the distinct thresholds. The paper is structured as follows: Section Data and Methods introduces the tripolar stations and identification model. Section Results describes the precipitation type characteristics and specific thresholds. Section Discussion discusses the mechanism of the different precipitation types and compares them to those at other polar sites. Section Conclusion presents the conclusions.
DATA AND METHODS
Study Regions
In this study, we analyze the precipitation type features at six polar stations: Barrow, Coral Harbour (Arctic), Zhongshan, Greatwall (Antarctica), Linzhi, and Maqu (Tibetan Plateau). The specific location of each station is shown in Figure 1. The surroundings of the different stations exhibit high morphological diversity.
[image: Figure 1]FIGURE 1 | Topographic map of the tripolar regions and the locations of the Zhongshan, Greatwall, Barrow, Coral Harbour, Linzhi and Maqu stations. (A) Antarctica part; (B) Arctic part; (C) The coordinated labels coincide (80°E and 0°).
The Zhongshan station (69.4°S, 76.4°E, 17.7 m) is located in the Larsemann Hills, close to Prydz Bay, a few hundred kilometers southwest of the Amery Ice Shelf and the Prince Charles Mountains. Like most coastal sites in East Antarctica, it suffers a stable katabatic wind from the inland ice sheet. The Greatwall station (62.2°S, 59.0°W, 12.0 m) lies on King George Island, which is located in the low-latitude area of West Antarctica. It is surrounded by seas, which may experience an Antarctic maritime climate. It is also a good site to study climate change’s response and evolution due to dramatic weather changes.
The Barrow station (71.3°N, 156.8°W, 9.4 m) is situated on the northeastern most tip of the North American continent, also located on the coast of the Arctic Ocean. The terrain is fairly flat, causing the Barrow station to be easily affected by polar easterlies carrying marine moisture. The Coral Harbour station (64.2°N, 83.4°W, 62.2 m) is situated in the eastern part of the North American continent and close to South Bay with a similarly flat terrain to that surrounding the Barrow station.
The Linzhi station (29.6°N, 94.5°E, 3,001.0 m) lies in the southeastern part of the Tibetan Plateau, which is also a critical confluence area of warm and cold airflows, contributing to its special humid climate. In contrast, the Maqu station (34°N, 102.1°E, 3,473.0 m) is situated in the northeastern part of the Tibetan Plateau, traversed by the Kunlun Mountains, resulting in an obvious plateau continental climate.
Data Processing
To maintain a consistent temporal scale, the selected observation period in this study lasted from January 1, 1990 to December 31, 2017, including 10,227 pairs of data points at each station (except for Maqu, where the observation period lasted from 1997 to 2017, including 7,670 pairs of data points). For the Antarctica and Tibetan Plateau stations, the daily mean air temperature and precipitation type occurrence were obtained according to the surface meteorological observation data files from the China Meteorological Administration. In terms of the Arctic sites, we acquired the accumulated snowfall/rainfall amount each day, as well as the daily mean air temperature from the Alaska Climate Research Center (http://climate.gi.alaska.edu/acis_data) and Environment and Climate Change Canada’s Meteorological Service (https://climate.weather.gc.ca/index_e.html), which have good data accuracy (Han et al., 2018). The daily ERA5 reanalysis products of the precipitation type, freezing level (zero-degree level) above the ground, and relative humidity at 11 different pressure levels under 600 hPa were also downloaded for the corresponding grids.
In polar regions, precipitation is recorded by a precipitation accumulation gauge that stores the amount of rainfall and snowfall under reliable maintenance (Automated Surface Observing System, 1998). For identifying precipitation types, Antarctica and Tibetan Plateau stations were manually identified and recorded with some occasional errors. In contrast, the records in Arctic stations experienced the transition from manual to automatic observation. A precipitation amount of less than 0.1 mm is observed to be negligible, according to the China Meteorological Administration (2011). Moreover, drifting/blowing snow may slightly increase the measurements when there is no snowfall or rainfall, so we first corrected the snow/rain records that are under 0.1 mm to zero. Second, considering the difference between the automatic weather station and manual observations, beyond removing the temperature outliers and missing records, we also performed further quality control according to statistical results of observed precipitation types, whereby any records satisfying the following conditions were removed:
For the Antarctica/Arctic stations:
(1) Rain only, [image: image];
(2) Sleet, [image: image] and [image: image];
(3) Snow only, [image: image].
For the Tibetan Plateau stations (Ding et al., 2014):
(1) Rain only, [image: image];
(2) Sleet, [image: image] and [image: image];
(3) Snow only, [image: image].where [image: image] is the air temperature.
Precipitation Type Identification Method
Based on the obtained daily data after quality control, we applied the precipitation type identification model proposed by Ding et al. (2014). We used the air temperature to replace the wet-bulb temperature due to the lack of relative humidity and air pressure. However, this method still generally attains an acceptable accuracy with precipitation records on the Tibetan Plateau and Arctic (Ding et al., 2014; Han et al., 2018; Zeng et al., 2020):
[image: image]
where R is the frequency ratio of the solid precipitation ranging from 0 to 1, which is exactly the centralized value between the probability of snow and the cumulative probability of snow and sleet. [image: image] and [image: image] are constants, and [image: image] is the temperature threshold of the precipitation type transition. Calibrations of the precipitation type identification model were performed based on nonlinear least-squares estimates at each station by fitting the solid precipitation frequency ratio (the k-fold cross-validation method was used here to split the training/test dataset, for which k is 30). Sleet was excluded from the identification during the analysis for a simplified and clear comparison. At [image: image], the frequency ratio is higher than 0.5, which means that precipitation mostly occurs as snow. In contrast, rain occurs more frequently than snow does at [image: image], with a frequency ratio lower than 0.5.
Validation
The performance of the precipitation type identification method and reanalysis product are both assessed against observation records. According to Eq. 1, which was fitted at each site, the time series of modeling precipitation type was obtained based on the relationship between air temperature and each fixed [image: image], while the reanalysis product is directly expressed as a sequence of rain and snow phenomena. To determine the performance of these two products, we obtained the accuracy by computing the concordance rate [image: image], where [image: image] indicate the rain/snow conditions and [image: image] and [image: image] are the number of precipitation days that agree with the observation records and the total days of one precipitation type, respectively.
RESULTS
Seasonal Cycles of the Precipitation Types
Using the observation records, the monthly mean variations in the days of the different precipitation types (i.e., snow, sleet, or rain days) are shown in Figure 2. Snow dominated the Zhongshan station’s precipitation type, whose snow days exceeded 10 days each month except during the summertime. There were nearly no rain events throughout the whole year. In contrast, all the precipitation types occurred every month with obvious seasonal cycles at the Greatwall station. The rainy days at the Greatwall station mostly occurred from January to March, with a peak in February and a valley in August. The snow days exhibited the opposite variation to that during rainy days and occurred most frequently in July, accounting for almost 2/3 of the time. As a mixed type, the sleet days always increased when Antarctica entered the transition period. This suggests a typical distribution of the precipitation types across the coastal stations on the Antarctica Peninsula. In the Arctic, the Barrow and Coral Harbour stations both demonstrated reverse-type trends to those at the Greatwall station, where snow and rain dominated from October to May and from July to August, respectively. Sleet occurs mostly around the early summer/autumn, reflecting the temperature transition, while it hardly happens during the rest of the year. On the Tibetan Plateau, the Linzhi station, located along the southeast edge, experienced much higher precipitation and more rainy days than the northern Maqu station did, where snow and rain equally occurred. All six stations exhibited different seasonal variations in precipitation type.
[image: Figure 2]FIGURE 2 | Monthly variations in snow, sleet and rain days at the Zhongshan, Greatwall, Barrow, Coral Harbour, Linzhi and Maqu stations (a–e: 1990–2017; f: 1997–2017).
Many factors, including latitude, elevation, and atmospheric conditions, influence the precipitation type at stations (e.g., Ye et al., 2013; Ding et al., 2014). The Zhongshan and Maqu stations both have higher latitudes than the Greatwall and Linzhi stations, respectively, leading to an obviously lower air temperature and thus inducing more snow under the same moisture conditions. As Figure 3 presents, the monthly mean air temperature at Zhongshan station has rarely reached 0°C over the past 20 years, resulting in snow-dominated conditions. The Linzhi station always exhibited a monthly air temperature above 0°C, but the freezing height was likely low, so snow was also observed in winter. The Coral Harbour station demonstrated the largest annual temperature variation, while the Barrow station, located in a higher latitude and coastal region of the Arctic Ocean, exhibited mild atmospheric properties due to ocean air masses (a smaller variation in the monthly temperature). Furthermore, cyclones transport meridional atmospheric heat and moisture from the mid-latitudes to the Arctic (Akperov and Mokhov, 2013; Akperov et al., 2018). More intense invasions of warm, moist air masses could have a deeper northward path and an obvious effect in the Arctic. During the cold season, cyclones will be more active and frequent (McCabe et al., 2001; Akperov et al., 2014), which provides a reasonable explanation for why there are rapidly increased snowfall days at the Barrow station.
[image: Figure 3]FIGURE 3 | Monthly variations in the surface air temperature at the Zhongshan, Greatwall, Barrow, Coral Harbour, Linzhi and Maqu stations.
Trends of the Precipitation Types
To analyze the difference in precipitation type among the above stations under climate change, the trends of snow, rain, sleet, and total precipitation days since 1990 were calculated (Figure 4). On average, the yearly precipitation days at all stations exceeded 100 days. The mean of the total days at the Greatwall station even reached 262.6 days from 1990–2017, demonstrating that five precipitation days occurred per week on average. The driest station was the Barrow station, and a yearly average of 100.3 precipitation days was observed from 1990–2017. The three types exhibited a relatively consistent trend at these stations except at the Greatwall and Coral Harbour stations. A decrease rate of 0.7 snow days per decade was found at the Greatwall station, while the rain and sleet days increased at rates of 6.3 and 0.5 days per decade, respectively. This may be related to the snow-rain transition due to air temperature changes and synoptic atmospheric activities, as suggested by Bozkurt et al. (2018) and Ding et al. (2020b).
[image: Figure 4]FIGURE 4 | Variations in the annual rain, sleet, snow, and total precipitation days and their linear trend (bold line) at the Zhongshan, Greatwall, Barrow, Coral Harbour, Linzhi and Maqu stations (a–e: 1990–2017; f: 1997–2017, red bold lines are the annual mean air temperature curves).
Similarly, the inconsistent trends at the Coral Harbour station between the decreasing snow/rain days and increasing sleet days could also be explained by the fact that the snow/rain conditions were partly converted into increased sleet conditions (please note that the decrease in snow days was much larger). The sharpest decline occurred at Maqu station, where the decrease rates of snow, sleet, and rain days were 18.8, 20.9, and 35.7 days per decade, respectively. The number of snow and sleet days gradually approached 0, accompanied by significantly negative correlations of annual mean air temperature (−0.76 and −0.58), indicating a severe drought under climate warming and serious ecological challenges (Mao et al., 2008). The Barrow station is the only station experiencing increasing trends of the snow, rain, and sleet types, at rates of 13.8, 1.3, and 1.3 days per decade, respectively. Previous studies have pointed out that Arctic precipitation has increased due to climate warming and sea ice decline (e.g., Anderson et al., 2018; Dou et al., 2018). The increase in cyclonic activities in the Arctic (Rinke et al., 2017; Akperov et al., 2018) may also enhance the weather complexity and give rise to more precipitation days. The number of rain days at Linzhi station was relatively large and remained stable, while there were consistently few sleet days, whereas the snow days revealed a notable downward trend at a rate of 7.7 days per decade. Considering the warming rate (∼0.40°C/10 years) from 1990 to 2017 based on the Linzhi meteorological station, which is approximately two times higher than the global average, and has a highly negative correlation coefficient with the annual snow days (−0.69), the decline in snow days is reasonable.
Determination of the Precipitation Type Thresholds
According to Eq. 1 and the meteorological observations, snow and rain proportions and fitted curves were obtained for the six stations (Figure 5). Most of the study stations exhibited very high coefficients of determination, with [image: image] values above 0.99. The exception was Zhongshan station, whose [image: image] value was 0.62 due to sparse rain events. The curves suggested that the threshold temperature largely varied in association with the 50% snow or rain proportion. Dominated by snow, the Zhongshan station attained a relatively high threshold of up to 4.22°C. The Greatwall station threshold was much lower than that at the Zhongshan station, with a value of 0.66°C due to its low latitude, which corresponded with a warmer environment. The different freezing levels during snowfall events could also be another key reason for the threshold difference between the two sites (Figure 6). A lower freezing level could result in a shorter heating time for snow particles to transition into liquid. As a result, precipitation at Zhongshan station, whose average freezing level is under 30 m, more readily reaches the surface as snow. On the Tibetan Plateau, the Linzhi station is located on the southeastern Tibetan Plateau, which is warmer and not conducive to a high-temperature threshold. However, its threshold is close to 5°C, while the Maqu station only attains a threshold of 2.67°C. The key reason is similar to the explanation provided for the threshold difference between the Antarctica stations, whereby the Linzhi station has a lower freezing level height with a value only under 10 m there. However, this relationship on the freezing level was not valid between the Barrow station and the Coral Harbour station, where the Barrow station had a higher freezing level and temperature threshold (1.73°C vs. 0.35°C). According to Ding et al. (2014), the melting rate of falling snow particles will also be affected by ambient relative humidity. The difference in vapor pressure between snow particles and the surrounding air usually decreases with increasing relative humidity. This could weaken the sublimation cooling effect on snow particle surfaces, leading to a harder melting process. From the vertical relative humidity distribution in Arctic sites (Figure 6B), a larger relative humidity at Barrow station under 950 hPa is observed than that at Coral Harbour, which may likely explain the higher threshold at Barrow station.
[image: Figure 5]FIGURE 5 | Conditional probability of snow precipitation vs the near-surface air temperature, based on the Zhongshan, Greatwall, Barrow, Coral Harbour, Linzhi and Maqu station surface observations, with respective curvilinear fits (the upper half of the curve represents the conditional probability of rain precipitation; in addition, sleet was excluded).
[image: Figure 6]FIGURE 6 | (A) The average heights and 10/50/90 percentile freezing levels of the ERA5 reanalysis above each station during snowfall events and (B) the mean vertical relative humidity distribution of the ERA5 reanalysis at six stations (the shadow boundaries are the 10 and 90 percentiles of relative humidity).
DISCUSSION
Performance of the Method and ERA5 Reanalysis Datasets
To verify the precipitation type identification method’s performance, the accuracy of Eq. 1 and the reanalysis product was assessed against the observation records. Figure 7 shows that the threshold identification model attains a high accuracy regarding snow events, with an average accuracy higher than 80%. In contrast to the snow type, the rain type performance showed a notably uneven distribution, with accuracies ranging from 53.2 to 96.7% (the calculation captured none of the 12 rain days observed at the Zhongshan station from 1990–2017). Moreover, the model yielded better snow identification results at the coastal stations (the Zhongshan, Greatwall, Barrow, and Coral Harbour stations) than at the inland stations (the Linzhi and Maqu stations), while the rain identification accuracy exhibited the opposite trend. This suggests that this model may be suitable for rainy inland and snowy coastal regions.
[image: Figure 7]FIGURE 7 | Accuracy of precipitation type identification using the method in this paper and the ERA5 reanalysis datasets (sleet is excluded).
From the comparison to the ERA5 reanalysis datasets, we found that moderate reproducibility in the rain type was achieved at the Coral Harbour, Linzhi, and Maqu stations, while the rain type reproducibility was quite low at the other stations. Moreover, the snow days at almost all stations were captured well by the ERA5 reanalysis datasets except at the Barrow station (Figure 7B). We found that a high rain identification performance usually occurred at the inland/continental stations, and there were no obvious geographic differences in snow identification. Further analysis indicated that stations such as the Coral Harbour and Linzhi stations realized a relatively higher integrated accuracy than the other stations where the rain/snow accuracy reached as low as 36.2/44.0% (the Barrow station). Notably, the performance of the method proposed in this paper was better than that of the ERA5 product at these stations.
Comparison to Other Studies
Generally, the precipitation type depends on the tropospheric vertical temperature profile. Snow particles may melt or refreeze while they fall through different layers at air temperatures above or below 0°C. Bourgouin (2000) proposed a method to determine the precipitation type under four kinds of atmospheric vertical temperature profiles. According to the theory proposed by Bourgouin (2000), rain, snow, and mixtures of snow and rain are all possible when a freezing layer occurs (which is common in most cases, as shown in Figures 8A–C). However, with a low freezing layer above the surface (Figure 6), snow is generally expected at the Zhongshan and Linzhi stations. In addition to the freezing level, the temperature inversion distribution in the boundary layer can also lead to a different precipitation type (Figures 8A,B). Compared to the Linzhi station, elevated inversion and surface-based inversion conditions preferentially occur at the Maqu station (Guo et al., 2020), which corresponds to a complex precipitation distribution. This approach has good physical meaning in terms of precipitation type identification. However, vertical air temperature profile acquisition is too complex to effectively popularize in tripolar regions, limiting the application of the above method.
[image: Figure 8]FIGURE 8 | Schematic diagram illustrating the formation of the different precipitation types under the four typical vertical temperature profiles. Plots A-D are adapted from Bourgouin (2000). The positive (PA) and negative (NA) areas indicate the above and below freezing layers, respectively.
Prein and Heymsfield (2020) pointed out that the falling speed of liquid drops ranged from 0.0003 to 9 m/s. For solid precipitation, aggregates fall at a mean value of 0.72 m/s, with rimed snow and graupel falling faster and whose average falling speed can reach 0.86 and 0.90 m/s, respectively (Garrett and Yuter, 2014). This is also an important factor, as the snow particles’ original shape affects the precipitation type reaching the surface. These factors could be altered under special and varied climatic conditions (e.g., the freezing level’s height, elevation). On the one hand, the elevation greatly influences the precipitation type identification threshold according to the falling speed (Ding et al., 2014), because the air is thin, and the pressure is low in high-elevation regions. Therefore, snow particles suffer a low drag force from their surroundings and fall rapidly, resulting in less melting on snow particles. They more readily remain solid, which may not be clearly reflected in our study on the Tibetan Plateau. On the other hand, the vapor pressure difference between snow particles and the environmental atmosphere declines with increasing humidity of the surrounding air, which could lead to a low sublimation cooling rate of the snow particles and a high threshold during snowfall. This fits well with the Arctic and Tibetan Plateau stations’ threshold performance, where the sites that are drier near the ground more easily have liquid precipitation (the Coral Harbour and Maqu stations).
Several precipitation type identification methods/models have been proposed for middle to high-latitude regions (Liu, 2008; Ding et al., 2014; Han et al., 2018). Dai (2008) proposed that the 50% frequency for both snow and rain occurs at temperatures considerably above 0°C, at approximately 1.2°C for land snow and 1.9°C for ocean snow, based on global datasets. This warm bias mainly stems from the different melting times during snowfall through warm near-surface air layers. Similarly, the overall threshold in the Arctic is ∼1.17°C (Han et al., 2018), which is exactly between the two thresholds determined in this paper (0.35 ∼ 1.73°C).
At the Arctic and Tibetan Plateau stations, we found that the stations experiencing high-temperature and high-humidity conditions attained high thresholds. We propose that this warm bias may largely originate from their oceanic characteristics (high relative humidity) and low freezing levels. However, due to the lack of quantitative data on the Tibetan Plateau and Antarctica, we used the ERA5 reanalysis product for the specific freezing and vertical humidity analysis. We did not subdivide the obtained statistics at the hourly scale, nor did we adopt the RPR in the threshold analysis. Furthermore, we did not consider the uncertainties in the temperature data. The high solar radiation and low wind speed during the summertime could lead to a warm bias (Genthon et al., 2011) in the air temperature. However, all the temperature sensors were equipped with ventilation devices enabling natural ventilation. A major gap remains between the various models and observations in terms of precipitation type identification and prediction. Given the importance of the tripolar region precipitation type for the global climate, further studies are required to improve our ability to respond to the temperature-induced precipitation shift from snow to rain.
CONCLUSION
Two typical stations in Antarctica, the Arctic, and Tibetan Plateau were selected to analyze precipitation type characteristics. The results indicated that in Antarctica, snow was the main precipitation type at Zhongshan station throughout the year, with a monthly mean value of 10 days except during the summertime. In contrast to the Zhongshan station, the Greatwall station located at a lower latitude exhibited obvious variability and seasonal cycles for all precipitation types. Regarding the mixed type there, the sleet days always increased when Antarctica entered a transition period. In the Arctic, the Barrow and Coral Harbour stations both demonstrated classical reverse monthly precipitation type distributions to those at the Greatwall station. Similar to Antarctica, there is an increase in sleet events around early summer/autumn. Due to the high air temperature, the Linzhi station experienced more liquid precipitation than the Maqu station on the Tibetan Plateau.
The trends of the precipitation types and thresholds at each station were also determined in this paper. Most of the stations exhibited consistent annual variation trends except the Greatwall and Coral Harbour stations. The inconsistent decreasing snow or rain days could be explained by the increasing conversion of rain/snow conditions into sleet conditions. In addition, the number of days of the three precipitation types at the Maqu station continuously declined, and the sleet and snow days gradually approached 0, indicating serious ecological challenges. Furthermore, the precipitation type transition threshold is generally related to the tropospheric vertical profile, and different thresholds were determined, ranging from 0.35°C (the Coral Harbour station) to 4.65°C (the Linzhi station). Depending on the threshold relationship and ERA5 reanalysis, we identified the high moisture condition and low freezing levels as the likely cause for the warm bias in the warm stations’ temperature threshold. Finally, the parameterized model established in this paper was also verified to clearly perform better than the ERA5 product at these six stations.
This paper provides a new perspective and an important reference for studying precipitation type transitions in key tripolar areas. More long-term quantitative precipitation observations and, in particular, short-term atmospheric temperature profile research for a detailed physical study remain urgent in these areas.
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