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Abstract

:

Numerous previous studies have pointed out that the South Asia monsoon (SAM) contributes most moisture to the southern Tibetan Plateau, whilst the moisture over the Northern Tibetan Plateau (NTP) is supplied by the westerlies, but the moisture sources for extreme precipitation events remain unclear. In this study, the tracking of external moisture sources was performed on ten extreme precipitation events over each of six target subregions of the NTP during the summer of 2010–2018. We found that the SAM provided most of the external moisture for extreme precipitation events in the NTP, except for the largest contribution from East Asia to extreme precipitation in the easternmost subregion. The moisture carried by westerly winds is the second foreign source over the western NTP. In addition, more than 40% of the NTP extreme precipitation events occurred under the synergy of weak westerlies and enhanced SAM, and these events have a longer duration than others. Thus, SAM plays a key role in moisture transport for the extreme precipitation events over the NTP, even though its contribution to the climatological moisture is not significant.
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1. Introduction


The Tibetan Plateau (TP) is a key area for atmospheric water vapor transport and conversion, known as the Asian Water Tower [1]. Many studies have figured out that water vapor over the TP mainly comes from moisture transportation from its surroundings and local evaporation [1,2,3]. However, the moisture source of TP weather and climate is overly complex, and it is affected by South Asian Monsoon (SAM), East Asian Monsoon (EAM), westerlies, and the local water cycle. The moisture contributions to the TP by monsoons and westerlies are still controversial. In summer, the SAM carries lots of moisture from low-latitude oceans, such as the Arabian Sea, Bay of Bengal, South China Sea, etc., into the TP, whilst the moisture provided by the westerlies is dominant during winter [2,3,4,5,6]. Studies have suggested that monsoons contribute more moisture to the TP than the westerlies, whose moisture contribution is only 32% of that by monsoons [5,6,7]. Correspondingly, other studies have inferred that there is more water vapor entering the TP from the western border than that from the southern, even during summer [8], and it indicated that the westerlies should play a leading role.



Generally, moistures brought by the SAM and EAM have significant influences on the southern and eastern TP but show little effect on the Northern Tibetan Plateau (NTP; [2,3,6,7,9]). The NTP precipitation and its moisture source are mainly controlled by the westerlies [10,11,12]. The majority of studies focus on the moisture source and its influences on the NTP from a view of climatology. For example, at annual or interannual scales, using the limited isotopic observations, several studies [2,6,13] figured out that monsoon’s influences are concentrated in the southern TP (south of 33°N) and westerlies dominate over the northern TP (north of 35°N). Zhang et al. (2019) found that the moisture from the continent and ocean south of TP could only contribute 17.9% of moisture to the NTP precipitation, which is much less than its contribution to the precipitation in southern TP. Wang et al. (2019) reported that westerly prevalence would inhibit moisture delivery from the Bay of Bengal into NTP [14]. Pan et al. (2018) figured out that Europe and northern Asia are the dominant foreign moisture sources during summer over the NTP, which could provide 18.6 ± 4.1% and 20.6 ± 3.7% of its moisture, respectively [15]. What is more, the features of moisture transport show significant differences during large-scale, small-scale, and non-precipitation events [16,17]. Sun and Wang (2014) indicated that most of the atmospheric moisture in the NTP are taken by the westerly winds when there is no precipitation, but in case of precipitation, the moisture contribution of the South Asia subcontinent will increase significantly [17]. Yang et al. (2021) also emphasized that moisture sources from monsoon regions, i.e., Bay of Bengal, are generally ignored for annual mean moisture over the Qiangtang plateau, but they are very important during the precipitation events [18]. Thus, the influences of monsoons on the NTP precipitation should gain more attention.



In recent decades, the TP precipitation has shown an overall increasing trend [19,20,21,22], and its characteristics are also changing, i.e., the intensity and frequency of extremely heavy rainfall over the whole TP show increasing trends, but they have large spatial variabilities [20]. Extreme precipitation has a strong correlation with the local annual precipitation, especially over the dry regions (i.e., the NTP) [22], and its occurrence and development is also a good indicator of hydrological disasters. Thus, exploring the moisture transport during extreme precipitation events is greatly helpful to understand the monsoon influence on the NTP climate and hydrology. Till now, related studies on NTP are scarce, and monsoons’ contribution to the extreme precipitations in NTP is still not clear.



In this study, we focused on the moisture source and transport during extreme precipitation events over NTP to quantitatively explore the moisture contribution of the South Asia monsoon. Section 2 lists the description of data, definition of extreme precipitation events, and method of tracking moisture sources. The results of moisture sources and their contributions to NTP precipitation and atmospheric circulation patterns prior to the precipitation events are presented in Section 3. Section 4 gives a discussion on the precipitation characteristics and their influencing factors. The summary is shown in Section 5.




2. Materials and Methods


2.1. Data


The reanalysis datasets of ERA-interim and ERA5 were generated by the European Medium-Range Weather Forecasting Centre (ECMWF, [23,24,25]), which provides large amounts of atmospheric, land, and oceanic climate variables at multi-temporal scales (hourly, daily, monthly, yearly). The ERA-interim has a spatial resolution of ~80 km and contains 60 vertical levels, while the ERA5 datasets provide a finer grid of ~30 km and more vertical levels of 137 layers. The ERA5, which shows better performance in detecting precipitation events compared with many commonly used satellite-based precipitation products, i.e., mainland China [26], is used to explore the spatial patterns of precipitation and atmospheric circulation and to determine the extreme precipitation events in this study. The moisture derived from the ERA-Interim has high consistency with that from the ERA5 [27]. In addition, it also indicates that the moisture flux of ERA-Interim also has high consistency with that from the ERA5 (Figure S1). To reduce the computation costs, the ERA-interim was used instead of the ERA5 to track trajectories of moisture transport during each precipitation event over the target subregions.




2.2. Identifications of Six Target Subregions and Extreme Precipitation Events


The precipitation in TP has a remarkable spatial variability (Figure 1a), and it leads to the unique patterns of other climate variables, i.e., soil moisture shows a consistent distribution as that of precipitation, with wet conditions in the southern TP but dry conditions in the NTP. Numerous studies have shown that the unique patterns of climate and ecology in the TP result from the combined effects of monsoons and westerlies. The precipitation over the TP mainly appears during the monsoon season (June-July-August-September: JJAS), accounting for 60–90% of the annual precipitation [28]. Thus, it is critical to explore the characteristics of monsoon precipitation and its moisture sources, to better understand its effects on the NTP climate and hydrology processes.



In this study, we divided the NTP, with an elevation higher than 2500 m above sea level, into six target subregions (Figure 1). The target subregion stretches across five degrees of latitude and five degrees of longitude except the subregion of R5, which includes the low-elevation area of Qaidam Basin. To specify the differences among the six subregions, using ERA5 precipitation data, we sifted out the ten heaviest precipitation events during JJAS from 2010 to 2018 over each target subregion. First, extreme precipitation days are defined as the precipitation excessing the 90th percentile for all monsoon days over each target subregion. Then, the ten extreme precipitation events were selected as periods containing the ten heaviest precipitation days, and each event was defined as containing one or more consecutive extreme precipitation days.




2.3. Moisture Trajectory Calculations


To define the moisture sources, the Lagrangian trajectories during each precipitation event were backward-tracked by LAGRANTO version 2 [29,30], which is widely used in the atmospheric sciences to identify moisture transport pathways. All the starting points in each target subregion are located above 2500 m, as shown in Figure S1, and the effective numbers of starting points were: R1~21, R2~20, R3~19, R4~24, R5~29, R6~19. They were distributed on a horizontal grid of 100 km and vertical spacing of 40 hPa from the surface to 200 hPa. The duration of moisture backward tracking was 10 days from all starting points, and it was initialized every 6 h. The configurations in this study can refer to the methodology of Huang et al. (2018) [31]. In this study, we further considered the moisture supplement caused by evaporation supply and its loss resulting from precipitation along each trajectory [31,32], based on the assumption formalized as follows:


    D q   D t   = E − P ,  



(1)




where q is specific humidity, t is time, E is evaporation, P is precipitation. Along the air parcel trajectories, the moisture source contribution can be calculated as follows:


  ∆ q  t  = q    x →   t    − q    x →    t − 6 h     ,    



(2)




where   ∆ q  t    is the moisture variations for a given trajectory    x →   t    at t time, and it is estimated for each 6 h interval. More details are shown in Figure S3. Then, the precipitation at the starting point over target region is estimated, as follows:


   P E  = −   ∆ p ∆ q   t = 0      ρ w  g      



(3)




where    P E    is the estimated precipitation,   ∆ p   is the vertical depth of air parcel of 40 hPa,    ρ w    is the density of water (103 kg/m3), g is the gravitational acceleration, and   ∆ q   t = 0     is the moisture variation of air parcel as it arrives at its starting position.



In addition, all moisture sources along the trajectory    x →   t    are identified by examining moisture variations during the period between t = −6 and t = −240 h. The net moisture contribution of   ∆  q ′   t    from each uptake location is estimated as follows:


  ∆  q ′    t = m   = ∆ q   t = m   + ∆ q   t = n   ×   ∆ q   t = m     q    x →    t = n − 6 h          



(4)




where m and n are negative values that represent times along the trajectory (|m|>|n|). Here, the moisture increases (  ∆ q  t  > 0 )   are classified as moisture uptake locations (moisture sources) for precipitation at the starting points over the target region. Meanwhile, the moisture decreases (  ∆ q  t  < 0 )  , which mean reducing the contributions from moisture from the uptake locations, are treated as precipitation along the trajectory. Thus, we could quantitatively determine the moisture contribution rate of each precipitation event in the target regions.




2.4. Classification of Moisture Sources


The moisture sources of the six target subregions differ greatly from each other. According to all the trajectories with 516 different starting times (total precipitation event duration of 129 days × 4 times per day) over the NTP, we grouped all the moisture sources into four categories with six regions (Figure 2), including S1: Whole Tibetan Plateau which is located above 2500 m a.s.l., S2: South Asia Monsoon (SAM) region, which contains the South Asia subcontinent, Arabian Sea, and Bay of Bengal, S3: West region, west to 90°E and regions of S1 and S2 are taken out, S4: East region, east to 90°E and regions of S1 and S2 are also taken out. The S1 represents the local evaporation over the whole TP. The S2 indicates the moisture supply from South Asia monsoon to each target region. The S3 hints at the influences of westerlies and the S4 would rather tell us the effects of easterly winds.





3. Results


3.1. Characteristics of the NTP Extreme Precipitation Events


The NTP is an arid zone with low values of precipitation amount and frequency (Figure 1a). The rainy days (daily precipitation ≥ 1 mm) in TP show a similar spatial pattern as the precipitation amount (Figure 1). The rainy days over the NTP are much less than that over the southern TP, and they account for less than 50% of the total monsoon days over the NTP. In each target region, the 90th percentile of monsoon precipitation is: R1~4.4 mm day−1, R2~4.3 mm day−1, R3~5.0 mm day−1, R4~5.4 mm day−1, R5~5.2 mm day−1, R6~8.7 mm day−1. Therefore, the thresholds to define extreme precipitation days is varied with the target subregions.



The specific date and duration of each extreme precipitation event is listed in Table 1. The durations of extreme precipitation events are short in all the target subregions, with total durations of 23 days in R1, 29 days in R2, 29 days in R3, 14 days in R4, 23 days in R5, and 11 days in R6, respectively (Table 1). However, they occupy a considerable proportion of the monsoon precipitation amount (Figure 1). For example, the duration of the ten extreme precipitation events is less than 29 days over the R1 and R2, but it contributes more than 80% of precipitation sum in one monsoon season (JJAS) of 122 days. Over the western NTP, the extreme events belong to medium- or long-term precipitation whose duration is longer than two days (Table 1). Meanwhile, the short-term precipitation plays a dominant role over the eastern NTP (i.e., R6), where durations in most extreme events are only one day. Further, the ten extreme events could account for 35–65% of the average precipitation during a monsoon season. It indicates that the extreme precipitation events over target subregions are intricately connected to different atmospheric circulations and moisture sources, which will be further discussed in Section 4.




3.2. Moisture Sources and Their Contributions


During the ten extreme precipitation events in the R1 region, the effective moisture is mainly from external source regions of S2 and S3. The moisture contribution of S2 is comprised of the South Asia subcontinent, Arabian Sea, Bay of Bengal, with supplied moisture rate values of 30.7%, 18.1%, and 2.2%, respectively. The source region of S3 dominated by the westerly winds could share 30% of effective moisture, while source region S1 of the whole TP contributes almost all the remaining moisture during the extreme precipitation events of target subregion R1 (Figure 3a and Figure 4). It is difficult to transport moisture from the EAM region to the R1 because of the resisting effect of the unique terrain of the TP and inhibition of the westerly prevalence.



Similar to the R1, the S2 of the SAM region is also the leading moisture source of extreme precipitation over the target subregion of R2 (Figure 3b and Figure 4). The total effective moisture contribution rate of S2 is around 47.0%, including 29.4%, which is from the South Asia subcontinent, 14.8% provided by Arabian Sea and 2.8% offered from Bay of Bengal. By contrast with the R1, the interior TP and the Tarim Basin show a greater impact on the R2 target region (Figure 3b). The evaporation from the S1 region could contribute less than 20% effective moisture to the R2 during extreme precipitations.



Over both R1 and R2 target subregions, the second largest moisture source contribution is westerly moisture, which could provide about 30% moisture to extreme precipitation (Figure 4), followed by the whole TP evaporation, which offers less than 20% moisture. It indicates that the contribution of local moisture recycle to extreme precipitation is much less than that to the local climatology, which was reported to be around 60% [8,33]. Lastly, the moisture contribution by the easterly winds is the smallest and can be almost ignored over the western NTP.



The moisture influence from the SAM weakens gradually from the western to the eastern NTP (Figure 3c–e). However, it still provides substantial moisture contribution to the extreme precipitation in the central NTP (Figure 4): 33.1% to the target subregion R3, 23.5% to the R4, 18.0% to the R5, respectively. The evaporation from the whole TP is the dominant moisture source of central NTP, and its contributions to the R3, R4, and R5 are 40.0%, 40.3%, and 50.4%, respectively. However, the SAM moisture is still the most important external source for the extreme precipitation events over central NTP. The westerly moisture is the second largest foreign source, which is much larger than the moisture brought by the easterly winds.



As shown in Figure 3 and Figure 4, the EAM has little effect on the extreme precipitation over most NTP subregions but could contribute 37.0% of moisture to the target subregion R6. The SAM influences on the target subregion R6 are not apparent, with a total moisture contribution fraction of only 10.9%. The whole TP evaporation in source S1 is the dominant moisture source of R6 extreme precipitation and could provide around 46.0% of effective moisture, which is much larger than the fraction in source S2. In summary, the dominant moisture source for extreme precipitation events over each subregion in the NTP shows apparent differences. The SAM moisture is the leading moisture source of extreme precipitation events in the subregions of R1 and R2, while both the SAM and whole TP evaporation play important roles in the subregions of R3 and R4. Further, TP evaporation is the predominant contributor to subregion R5, and TP evaporation, together with the easterly winds, contribute around 80% effective moisture to subregion R6.




3.3. Atmospheric Circulation Patterns Prior to Extreme Precipitation Events


Among the 60 extreme precipitation events over the NTP (Table 1), the averaged moisture contribution from the SAM is comparable to the whole TP evaporation (Figure 5). The local moisture recycle could play a leading role in 37% of the extreme precipitation events over the NTP (Table 1). Meanwhile, only around 15% of events are dominated by the westerly winds, and the rest of events are led by the Asia monsoon moisture (the SAM and EAM). Among the external moisture sources, around 50% of extreme events originated from SAM moisture. What is more, in all three subregions of R1, R2, and R3, the SAM moisture contribution rates to several precipitation events appear with values of greater than 70% (Table 1 and Figure 5). It indicates that the SAM moisture has a vital role in extreme precipitation events of western NTP, whose influence may be greater than the westerlies and local moisture recycle.



Many previous studies pointed out that the westerlies control the weather and climate in the NTP [2,3,7,34]. However, extreme precipitation events dominated by the westerly moisture alone are very rare, and they mainly occur in the subregions of R1 and R2 (Table 1). Thus, we further explore the patterns of atmospheric circulation prior to the occurrence of extreme precipitation events, which are dominated by the Asia monsoon (SAM or EAM) moisture, whose contribution is greater than the others in Table 1. For example, over the target subregion of R1, the SAM dominated five in ten extreme precipitation events (Figure 6a).



	(1)

	
Circulation configurations at low atmosphere of 500 hPa







At 500 hPa atmospheric layer, within the two days prior to the precipitation events, the southerly wind predominates over the target subregions of R1, R4, R5, and R6, while the easterly wind dominates overwhelmingly over the R2 and R3 subregions (Figure 6). Over the SAM regions, there are obviously cyclonic circulation patterns, i.e., there are cyclones over the Arabian Sea, which is conducive to the SAM moisture transport into the target subregion R4 (Figure 6d). As shown in Figure 6e, there is a cyclone over the western of Bengal Bay, which makes the moisture of Bengal Bay go straightly northward to the subregion R5, and there are cyclones over both the Arabian Sea and Bengal Bay, which also help moisture transport into subregion R6 (Figure 6f). When the monsoon cyclone has a large scale and its position leans toward the north, the TP will be completely under the control of the southerly or easterly winds, such as the circulation pattern of R1–R3 (Figure 6a–c).



Compared to the climatology average during the monsoon season from 2010 to 2018, the westerly winds are anomalously weak, and the easterly winds are anomalously strong at 500 hPa (Figure S4) prior to the extreme precipitation events over the subregions of R2 and R3. We could also find that there are obvious anomalous southerly wind intrusions from the SAM region in advance of the extreme precipitation events over the other subregions. All these atmospheric configurations are favorable for moisture transport from the low latitudes to the target regions.



	(2)

	
Circulation configurations at high atmosphere







At a high atmospheric layer of 200 hPa, a closed South Asian High (SAH) is always inside (i.e., R2 and R3 target subregions) or around the TP (Figure 7) in advance to the extreme precipitation over all the six target subregions. A considerable trough (hereafter, Eurasian through) occurs over the TP and its north. All six target subregions are in front of Eurasian through (Figure 7). At the same time, a secondary anticyclone could be found west of the TP prior to the extreme precipitation over target subregions of R2, R3, R4, and R5. Compared against the average circulation at 200 hPa (Figure S5), there are westerly perturbations, sometimes of several closed cyclones and anticyclones appearing prior to the extreme precipitation, which results in anomalous strong easterlies (i.e., R2 and R3) and southerly winds (i.e., R1 and R6). It suggested that westerly weakening at high atmosphere is favorable to the extreme precipitation over the NTP.



Above all, when extreme precipitation occurs, all six subregions locate in front of the tough at 200 hPa. The positions and intensity of SAH influence the positions of precipitation. Meanwhile, they cooperated with the cyclones at 500 hPa to create considerably favorable conditions for SAM moisture transportation into the NTP. Against the climatology average, the upper-level westerly winds are abnormally weak, and the monsoon winds at the low-level atmosphere are abnormally enhanced during extreme precipitation events. The synergistic effects between the westerlies and Asia Monsoon are the key factors to induce the SAM moisture into the NTP during extreme precipitation events.





4. Discussion


The different characteristics of durations and circulation background were observed in extreme precipitation events led by different moisture sources. For instance, the median precipitation duration associated with the SAM moisture is three days. Meanwhile, when the westerly moisture plays a leading role in extreme precipitation events, its duration is around two days. Further, the precipitation duration is notably short to only one day when the whole TP evaporation or easterly wind dominates.



Because the SAM belongs to a synoptic scale system, it is stable during summer, and its influences cover widespread scopes and duration. Although the westerlies are planetary-scale meteorology systems, the westerly perturbations associated with the NTP extreme precipitation are usually on a medium scale. Moreover, the moisture content taken by the westerlies is much less than that from the SAM, which contains abundant moisture. Thus, the precipitation duration led by the westerly perturbations is shorter than that dominated by the SAM. The interactions between the westerlies and Asia monsoon could induce small-scale local cyclones [33], which are favorable for the whole TP evaporation releasing as precipitation. The EAM could enter the northeastern TP under weak westerly conditions, when the dominated systems are usually on a small or medium scale [17,35]. Thus, the extreme precipitation of moisture originating from the S2 or S4 is a short-time event.




5. Conclusions


The moisture in the Arabian Sea and the South Asia subcontinent provided by the SAM and the local evaporation of the entire TP are the dominant moisture sources of NTP extreme precipitation. However, the contributions of different sources varied with subregions in NTP. The SAM could contribute more than 50% moisture to the extreme precipitation events over western NTP, while only around 10% to the eastern NTP. In the central and eastern NTP regions, 40–50% moisture should owe to the whole TP evaporation. Besides, precipitation in the eastern NTP is not only controlled by the entire TP water cycle but also greatly affected by the easterly winds, which could bring 37% moisture to the extreme precipitation over eastern NTP. In addition, the SAM moisture is the leading foreign moisture and contributes much greater moisture than the westerlies. However, both the enhanced SAM and weakened westerly winds could help to trigger or to enhance the precipitation in the NTP. The modifications of upper-level large-scale and low-level synoptic-scale circulation are key factors influencing heavy rainfall events.



In short, the NTP is far from the ocean, there is very little moisture invading from the SAM regions into the NTP in climatology average. However, during the extreme precipitation events over the NTP, the moisture carried by the South Asia monsoon makes an apparent contribution. Therefore, it is necessary to consider the South Asia weather or climate conditions to predict and analyze the NTP extreme weather in future.
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Figure 1. The distribution of precipitation features over the Northern Tibetan Plateau in the monsoon season (June-September or JJAS) from 2010 to 2018. (a) The mean JJSA precipitation averaged from 2010 to 2018 (unit: mm/JJAS), (b) the total day number of daily precipitation amount larger than 1 mm, from 2010 to 2018, (c) the ratio of precipitation amount in the strongest ten events to the precipitation during the monsoon-seasons (JJAS) (units: %), (d) the ratio of precipitation duration (precipitation amount) in the strongest ten events to that during JJAS (units: %). Note: from west to east, the target subregions were named as R1 (Lat: 35–40°N, Lon: 71–76°E), R2 (Lat: 33–38°N, Lon: 76–81°E), R3 (Lat: 33–38°N, Lon: 81–86°E), R4 (Lat: 34–39°N, Lon: 86–91°E), R5 (Lat: 34–39°N, Lon: 91–98°E), and R6 (Lat: 34–39°N, Lon: 98–103°E). 
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Figure 2. Tracked moisture source regions. S1: Whole Tibetan Plateau with an elevation higher than 2500 m; S2: South Asian monsoon region including South Asia subcontinent, Arabian Sea, and Bay of Bengal; S3: West region of 90°E and regions of S1 and S2 are taken out; S4: East region of 90°E and regions of S1 and S2 are taken out. 
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Figure 3. Spatial distributions of mean contributions (units: mm day−1) of moisture sources for ten extreme precipitation events over the six subregions. The solid red line denotes the boundary of Tibetan Plateau with an elevation higher than 2500 m. Black rectangles in the panels (a–f) represent the subregions, respectively. 






Figure 3. Spatial distributions of mean contributions (units: mm day−1) of moisture sources for ten extreme precipitation events over the six subregions. The solid red line denotes the boundary of Tibetan Plateau with an elevation higher than 2500 m. Black rectangles in the panels (a–f) represent the subregions, respectively.



[image: Remotesensing 15 00735 g003]







[image: Remotesensing 15 00735 g004 550] 





Figure 4. Moisture contribution ratios of the source regions of (a) S1, (b) S2, (c) S3, and (d) S4 for extreme precipitation events in each target subregion (R1, R2, R3, R4, R5, and R6). 
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Figure 5. Boxplot from raw data (black dots) of moisture contribution ratios of the four source regions during all the 60 extreme precipitation events in the Northern Tibetan Plateau. Note: The curve right to the boxplot is a normal distribution curve from raw data of moisture contribution ratio. 
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Figure 6. The spatial distributions of composed ERA5 wind at 500 hPa, which were averaged over two days in advance of the extreme precipitation events controlled by the Asia Monsoon over the six subregions. Blue rectangles in the panels (a–f) represent the subregions, respectively. 
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Figure 7. Similar to Figure 6, but at 200 hPa. Blue rectangles in the panels (a–f) represent the subregions, respectively. 
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Table 1. Information of the top ten extreme precipitation events in each target region, including the precipitation date, precipitation amount, external moisture contribution rate of each precipitation event, etc.
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Target Region

	
Occurrence Time

	
Duration (Days)

	
Precipitation (mm)

	
External Moisture Contribution Rate (%)




	
SAM (S2)

	
Westerly (S3)

	
Easterly (S4)






	
R1

	
3–4 Jun. 2010

	
2

	
15.02

	
24.8

	
53

	
0




	
21–22 Jul. 2010

	
2

	
14.37

	
59.5

	
21

	
0




	
28–30 Jul. 2010

	
3

	
43.95

	
77.9

	
10.6

	
0.1




	
17–18 Sep. 2010

	
2

	
14.87

	
26.9

	
49.6

	
0.2




	
17–18 Sep. 2012

	
2

	
21.76

	
30.3

	
43.6

	
0




	
12–14 Aug. 2013

	
3

	
26.28

	
44.9

	
37.4

	
0




	
15–16 Aug. 2014

	
2

	
14.89

	
26.1

	
61.1

	
0




	
2–5 Sep. 2014

	
4

	
23.98

	
74.1

	
14.4

	
0




	
24–25 Jun. 2015

	
2

	
16.68

	
30.7

	
42.7

	
0.1




	
22 Sep. 2015

	
1

	
9.11

	
92.2

	
1.4

	
1.3




	
R2

	
26–28 Jul. 2010

	
3

	
21.85

	
20.1

	
40.8

	
8.2




	
13–16 Aug. 2011

	
4

	
29.29

	
48.7

	
29.6

	
1.6




	
3–4 Aug. 2012

	
2

	
12.48

	
18.8

	
53.2

	
0.3




	
15–17 Jun. 2013

	
3

	
26.49

	
65

	
22.9

	
0.5




	
3–5 Sep. 2014

	
3

	
27.3

	
76.2

	
12.7

	
0.8




	
10–11 Jul. 2015

	
2

	
14.63

	
42.8

	
23.8

	
0.9




	
1–5 Aug. 2015

	
5

	
30.79

	
19.3

	
45.6

	
4.3




	
22–23 Sep. 2015

	
2

	
19.06

	
78.5

	
8.3

	
1.9




	
28–30 Jun. 2017

	
3

	
19.11

	
66.3

	
19.4

	
0.2




	
22–23 Aug. 2018

	
2

	
19.31

	
35.2

	
31.6

	
1.1




	
R3

	
25 Jul.–1 Aug. 2010

	
7

	
48.14

	
16.9

	
37.1

	
5.3




	
15 Jul. 2011

	
1

	
8.91

	
8.2

	
15.3

	
4.9




	
13–16 Aug. 2011

	
4

	
27.05

	
49.2

	
19.9

	
3.4




	
16–17 Jun. 2013

	
2

	
23.11

	
78.8

	
9.9

	
0.4




	
16–20 Jul. 2014

	
5

	
34.64

	
33.8

	
27.4

	
3.3




	
15–16 Jul. 2016

	
2

	
18.08

	
26.9

	
21.5

	
0.6




	
1 Aug. 2016

	
1

	
9.43

	
10.8

	
33.8

	
1.8




	
8–9 Aug. 2016

	
2

	
17.49

	
7.9

	
32

	
3.9




	
20–21 Aug. 2016

	
2

	
15.19

	
30.8

	
29.6

	
6.3




	
28–30 Jun. 2017

	
3

	
19.96

	
37.8

	
24.6

	
1.4




	
R4

	
7 Jun. 2011

	
1

	
8.97

	
4.7

	
33.7

	
11.2




	
16 Aug. 2011

	
1

	
8.24

	
26.5

	
15.4

	
25.5




	
19 Jul. 2012

	
1

	
9.87

	
3.6

	
21.4

	
16.7




	
16–18 Jun. 2013

	
3

	
23.14

	
52.4

	
17.2

	
7.1




	
25 Aug. 2013

	
1

	
8.3

	
17

	
2.1

	
17




	
25–26 Jun. 2015

	
2

	
14.5

	
41

	
11.8

	
5.4




	
30 Jun.–1 Jul. 2015

	
2

	
15.97

	
20.6

	
35.8

	
7.9




	
22 Jul. 2016

	
1

	
7.96

	
3.8

	
17.5

	
8.3




	
9 Aug. 2016

	
1

	
9.7

	
12.8

	
35.9

	
17.4




	
13 Aug. 2018

	
1

	
8.8

	
24.9

	
13.7

	
12.5




	
R5

	
6 Jun. 2010

	
1

	
10.14

	
0.9

	
3.2

	
25.5




	
26–29 Jun. 2010

	
4

	
29.34

	
24.7

	
16

	
7.3




	
19–20 Jun. 2011

	
2

	
14.64

	
15.4

	
11.8

	
7.9




	
15 Jun. 2011

	
1

	
9.93

	
27

	
17.8

	
9.2




	
4 Jun. 2012

	
1

	
9.61

	
10.8

	
19.7

	
20.8




	
26 Aug. 2013

	
1

	
8.92

	
18.3

	
15.2

	
6.8




	
23–25 Jul. 2013

	
3

	
22.01

	
17

	
1.4

	
16.2




	
23–26 Jun. 2014

	
4

	
27.83

	
23.1

	
10.9

	
20.4




	
1–3 Jul. 2015

	
3

	
23

	
16.6

	
17.8

	
26.7




	
30 Jun.–2 Jul. 2018

	
3

	
22.9

	
29.7

	
14.5

	
16.9




	
R6

	
20–21 Jun. 2011

	
2

	
27.37

	
16.9

	
9.7

	
33.9




	
7 Jul. 2013

	
1

	
18.35

	
18.2

	
3.6

	
25.1




	
6 Aug. 2013

	
1

	
14.65

	
5.2

	
7

	
6.4




	
27 Jun. 2014

	
1

	
14.07

	
10.3

	
3.9

	
58.9




	
13 Sep. 2014

	
1

	
14.19

	
17.2

	
4.1

	
39.1




	
19 Jun. 2015

	
1

	
14.94

	
4

	
1.5

	
62.6




	
17 Jul. 2016

	
1

	
14.18

	
17.3

	
5.7

	
19.3




	
24 Aug. 2016

	
1

	
14.56

	
1.1

	
0.1

	
55.3




	
6 Aug. 2017

	
1

	
15.17

	
4.1

	
4.9

	
34.7




	
1 Jul. 2018

	
1

	
20.81

	
15.3

	
5.7

	
35.3
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