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Brief communication: Sharp winter precipitation transition gradient
on the southern edge of the Tibetan Plateau during cold season
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Abstract.

The Tibetan Plateau is a high-altitude arid region, where limited in-situ precipitation measurements are available. In this
communication, we document a strong precipitation gradient at the southern edge of the Paiku Co catchment (southern Tibetan
Plateau) from in-situ data and atmospheric model outputs. In particular, we use water pressure time series from proglacial
lakes, two automatic weather stations, and data from ERAS5-Land reanalysis and CORDEX-FPS-CPTP ensemble. We show
that precipitation totals can vary by one order of magnitude over a short distance of 10 km in a rather smooth terrain threughott

the-winter-and-the-pre-menseen-during the cold season. This large precipitation gradients-gradient marks the transition between
the great Himalayas and the Tibetan Plateau.
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1 Introduction

The Tibetan Plateau is a high-altitude region characterized by a dry and arid climate, and by the presence of multiple lakes
and glaciers (Yang et al., 2014). Most of the lakes of the Tibetan Plateau have been expanding rapidly since the mid-1990s,
representing an additional terrestrial water storage of 6 to 9 Gt yr~! (Zhang et al., 2017). However, some lakes located on the
southern edge of the plateau have shrunk for the last three decades (Lei et al., 2018; Zhang et al., 2021). The changes in lake
volume are mostly attributed to decadal changes in precipitation (Zhang et al., 2021). Precipitation measurements are scarce
on the Tibetan Plateau, and thus analysis of climate and meteorology relies largely on reanalysis, remote sensing products, and

climate models (e.g., Collier et al., 2024).
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The challenges associated with precipitation measurements are numerous in mountainous regions, especially when a sub-
stantial fraction falls in solid forms. Precipitation gauges suffer from large underestimations of solid precipitation, 42.6% on
average for unshielded gauges and 30.6% for single-Alter shielded gauges (Kochendorfer et al., 2017). These underestimations
can be much larger in cases of strong winds (Goodison et al., 1998).To overcome these issues, recent studies suggested that
solid precipitation could be also estimated from frozen lake water pressure changes (Pritchard et al., 2021). This method relies
on the assumption that the catchment is frozen, making the surface run-off and the evaporation negligible due to the cold condi-
tions. Since lakes are used as sensors, the size of the sensor is 6 to 9 orders of magnitude above the size of common precipitation
gauges, thus providing a spatially averaged estimate of precipitation that is expected to be less sensitive to undercatch and to
spatial variability of precipitation (Pritchard et al., 2021), at the cost of application over only a few months of the year.

In this study, we report new observations of lake level changes during the cold season (December to May) of a catchment
located on the southern edge of the Tibetan Plateau. From the lake water pressure time series, we reconstruct precipitation
estimates based on Pritchard et al. (2021)’s method and compare them to conventional gauge measurements located on both
sides of the orographic barrier of the Himalaya. We then compare these observations to precipitation estimates from two
datasets, ERAS5-Land reanalysis (Copernicus Climate Change Service) and simulations from the Coordinated Regional Climate
Downscaling Experiment Flagship Pilot Study (CORDEX-FPS) Convection-Permitting Third Pole (CPTP) project (Collier

et al., 2024; Prein et al., 2023), to discuss the added value of kilometer-scale convection-permitting atmospheric models.

2 Study site

The in-situ measurements were collected in the southern part of the endorheic Paiku basin (Fig. 1 - a), on the southern Tibetan
Plateau (China). The catchment drains into Paiku Co, an alpine lake situated at 4590 m a.s.l. that has an area of approximately
270 km?2, which is slightly more than one tenth of the whole catchment (2376 km?). Paiku Co is partially fed by the 41 glaciers
present in the basin (Lei et al., 2018). Although Paiku Co lake has shrunk for the last decades, proglacial lakes located higher
up in the catchment have been growing for the past 50 years due to glacier retreat (Lei et al., 2018).

We focus on the proglacial lake named Golojang Co, which is located in the south of the catchment at an elevation of 5357
m a.s.] and has an area of 5.54 km?(see Fig. 1 - a). It is frozen a large part of the year, during winter (DJF), pre-monsoon
(MAM) and part of monsoon (starting in June), to finally break-up around July. The outlet of the lake flows through a moraine,
then channels into the Nijile river. The lake occupies the over-deepening carved by the glacier retreat. The glaciers are still in
contact with the lake, with a calving front releasing small icebergs. The surrounding orography may favor the accumulation of
snow on its local lowest areas, i.e, on the frozen surface of the lake.

In Paiku Co catchment, for elevations below 5000 m a.s.], the measured annual precipitation varies between 150 and 300
mm, with winter precipitation accounting for approximately 10% of the annual total (Lei et al., 2018, 2021; Martin et al.,
2023). These estimates are based on an automatic weather station (AWS) located close to the main lake Paiku Co (at 4600 m
a.s.l.; Lei et al., 2018), and an other AWS located 10 km south of the lake (named Paiku AWS in this study and located at 5030
m a.s.l.; Martin et al., 2023).






