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Snow covers provide one of the most important water reservoirs on earth.
Snowmelt in spring distributes water to plants, animals and humans, assuring the life of
all living organisms. This process is particularly important in regions with little
precipitation in spring, when plants start to transpire and soils start to dry due to
increasing air temperatures. These regions rely on snowmelt water from mountains in
sufficient quantity to bridge the time of little precipitation. In times of climate change and
especially global warming, many regions around the world suffer droughts because
snowfall in winter decreased significantly, and therefore the total amount of accumulated
snow before spring did, too.

One region which uses snowmelt water intensively is Tohoku region in Japan.
Two thirds of the surface is covered by forests, which are mainly growing in the Ou
Mountain range, which divides Tohoku region into West and East. The plains closer to the
Japan Sea and the Pacific are mainly used for rice farming. Hence, the demand of water
for trees in the forest and for paddy fields is high in spring. Since the mountains,
especially on the western side, are receiving heavy snowfall in every winter, the amount of
water stored in the mountains results in long-running snowmelt processes, lasting until
June or July in every year. However, winter precipitation and snow accumulation
decreased in the last decades, and air temperature in winter, especially in the Asahi
Mountain Range of Yamagata prefecture, is around 0° C. This temperature implies that
small differences in air temperature make a difference between snow accumulation and
snowmelt, and the timing of precipitation determines the proportion of rain and snow.
Since winter precipitation is high, with usually more than 1500 mm, snow depths of more
than three metres are common in the mountains. It was found that the snow depth varied
in the last years. Years with high snow depth were followed by a year with small snow

cover two years later. Small temperature differences can then result in significant changes



of water supply to the Shonai plains, the coastal area of Yamagata.

The hydrological cycle in Shonai and the Asahi mountains was subject of this
study in order to understand the mechanisms in mountainous forests in winter and to
detect changes in snow cover and snow dynamics over the last decade. Meteorological data,
soil physical properties and soil moisture were continuously monitored in the Yamagata
University Research Forest (YURF) in order to run a model for soil moisture estimations,
which can be used for various applications. The modelling software used, HYDRUS 1D,
calculates soil moisture, snow accumulation and other parameters using the data obtained
from field and laboratory work.

The recent winter (2019/2020), with high air temperature and without heavy
precipitation events, resulted in the shallowest snow cover in YURF which was measured.
Snow depth was combined with snow density, which was higher in years with greater
snow depth, because snow was compacted more in those years. Furthermore, snow at the
surface melted on days with temperatures of more than 0°C and moved downwards in the
snowpack. Water refroze in deeper layers of the snowpack, where it changed the snow
crystal structure and increased the snow density. The same process was observed after
rain on snow events. Knowing the snow density after those events means knowing the
amount of water which will be supplied to the Shonai plains in spring. Modelling of snow
density for the snow accumulation period and also for the snowmelt period was performed
for every winter starting in the year 2011. Using precipitation data and degree-day factors
(DDFs), accurate calculations for the snow water equivalent (SWE) of the snowpack were
carried out.

Rain on snow events were not only causing increases in snow density, but were
also found to affect soil moisture under the snowpack. In order to measure these effects,
soil moisture was monitored at three spots of a slope, vegetated with Japanese cedar
(Cryptomeria japonica). Two winters with significantly different snow depth were
measured and analysed in this thesis in order to understand the relation between snow
cover and rainwater infiltration. Soil moisture was also affected by numerous small rain
events of less than 10 mm in the winter 2019/2020, where the maximum snow depth was
1.3 m. In contrast to the highly variable soil moisture in this winter, water infiltrated the
soil only a few times in the winter 2018/2019, when the snow cover was 3 meters at its
maximum. Further it was found that different parts of the slope receive different amounts
of water. While most water reached the soil surface at the top and at the bottom of the
slope, soil at the slope was less affected by rain on snow events. Consequently lateral flow
of water in the snowpack downwards the slope was of higher rate than vertical flow into
soil.

Infiltration of the snowpack by water resulted in a constant soil moisture level at
the matric potential of the soil. High precipitation in autumn filled most pores of the soil,
and the last pores to reach field capacity were filled in early winter. Rain on snow events
and partial snowmelt supplied water to fill quickly draining pores. However, due to high
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increased insignificantly in spring during snowmelt, which caused higher surface runoff of
snowmelt water and less subsurface runoff. Soil moisture decreased significantly shortly
before snowmelt ended. Trees started to transpire, and increasing soil temperature caused
evaporation. Soil moisture reacted immediately to rain events in summer and autumn.
However, soils in YURF had high water repellency, resulting in higher surface runoff
when the soil was dry. Runoff measurements confirmed that surface runoff was higher
after dry periods and when the rain event was heavy.

Significant differences in soil physical properties were found between the soils in
YURF and the soils of the second study site in Kaminoyama city. Soils at the Kaminoyama
sites contained more clay and silt and were therefore able to store water and nutrients
better than the soils in YURF, which results in better fertility. The experiments were done
in order to characterise the efficiency and yield of wine production. Since soils in
Kaminoyama were better evolved than soils in YURF, the potential for agriculture and
fruit cultivation was, based on the soil physical properties, significantly higher.

The application of the HYDRUS 1D model for YURF was found to be a good
approach but introduced also some difficulties. Differences in between model and reality
were small in seasons without snow cover. In contrast, thick snow cover caused problems
for the model, resulting in overestimation of soil moisture contents in winter. Snow depth
was not predicted correctly either. The best results for soil moisture modelling were
obtained for the top of the slope, where water moves vertically in the snowpack. However,
in general the model worked well and can be improved in the future, also by the use of the
more sophisticated versions HYDRUS 2D and 3D.

In conclusion, this study demonstrated water storage and movement in soil, and
the potential for using models for the calculation of hydrological processes. Winter
precipitation became more important, since a shift in the amount of snowfall is followed
by smaller SWE in the Asahi Mountains. The results confirm changing climate conditions

and introduce new methods for the estimation of water availability.
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Snowmelt in spring distributes water to plants, animals and humans, assuring
the life of all living organisms. This process is particularly important in regions with little
precipitation in spring. These regions rely on snowmelt water from mountains in sufficient
quantity to bridge the time of low precipitation. Under climate change, many regions
around the world have experienced a decrease in snowfall and in consequence the snow
depth. In North-eastern Japan, along the Japan Sea forests as well as agricultural fields
rely strongly on snowmelt water in spring and even early summer. However, winter
precipitation and snow accumulation has decreased in the last decades, and air
temperature in winter, especially in the Asahi Mountain Range of Yamagata prefecture
has also increased. This implies that small differences in air temperature can have a
significant impact on snow accumulation and snowmelt as well as on the timing of
precipitation, which determines the proportion of rain and snow. Since winter
precipitation is high, with usually more than 1500 mm, snow depths of more than three
metres are common in the mountains. The hydrological cycle of an evergreen forest in the
Asahi mountains was the subject of this study in order to understand the distribution of
water in winter and spring in relation to changes in snow cover and snow dynamics over
the last decade. Meteorological data, soil physical properties and soil moisture were
continuously monitored in the Yamagata University Research Forest (YURF) in order to
run a model for soil moisture estimations mainly in winter but also along the other
seasons. The model HYDRUS 1D, calculates soil moisture, snow accumulation and other
parameters using the data obtained from field and laboratory work.

The recent winter 2019/2020 had high air temperature and few precipitations
events resulted in the shallowest snow cover in YURF in record. Higher snow depths
resulted in higher snow densities because of compactation. Furthermore, snow at the
surface melted on days with temperatures higher than 0°C and moved downwards in the
snowpack. Water refroze in deeper layers of the snowpack, where it changed the snow
crystal structure and increased the snow density. The same process was observed after
rain on snow events. Rainwater infiltrated the snow and moved downwards in the
snowpack, increasing the snow density. Modelling of snow density for the snow
accumulation period and also for the snowmelt period was performed for every winter

starting in the year 2011. Using precipitation data and degree-day factors (DDFs) accurate



calculations for the snow water equivalent (SWE) of the snowpack were carried out.

Rain on snow events did not only cause increases in snow density, but were also
found to affect soil moisture under the snowpack. In order to measure these effects, soil
moisture was monitored at three spots of a slope, covered by Japanese cedar (Cryptomeria
japonica) trees. Two winters with significantly different snow depth were measured and
analysed in in order to understand the relation between snow cover and rainwater
infiltration. Soil moisture was also affected by numerous small rain events of less than 10
mm in the winter 2019/2020, where the maximum snow depth was 1.3 m. In contrast to
the highly variable soil moisture in this winter, water infiltrated the soil only a few times
in the winter 2018/2019, when the snow cover was 3 meters at its maximum. Furthermore,
different parts of the slope received different amounts of water. While most water reached
the soil surface at the top and at the bottom of the slope, soil at the slope was less affected
by rain on snow events, suggesting that the lateral flow of water in the snowpack
downwards the slope was of higher rate than vertical flow into soil. Rain on snow events
and partial snowmelt supplied water to fill quickly draining pores. However, due to high
sand contents and high hydraulic conductivity, soil never became saturated. Soil moisture
increased insignificantly in spring during snowmelt, which caused higher surface runoff of
snowmelt water and less subsurface runoff. Soil moisture decreased significantly shortly
before snowmelt ended as forest transpiration started and soil temperature increased. Soil
moisture reacted immediately to rain events in summer and autumn. However, soils in
YURF had high water repellence, resulting in higher surface runoff when the soil was dry.
Runoff measurements confirmed that surface runoff was higher after dry periods and
when the rain events were heavy. The application of the HYDRUS 1D model for YURF
was found to be a good approach but introduced also some difficulties. Hydrus modelled
and measured soil moisture values showed small differences in summer. In contrast, thick
snow cover caused problems for the model, resulting in the overestimation of soil moisture
contents in winter. The best results for soil moisture modelling were obtained for the top
of the slope, where water moves vertically in the snowpack.

In conclusion, this study demonstrated water storage and movement in soil, and
the potential for using models for the calculation of hydrological processes. The results
confirm changing climate conditions and introduce new methods for the estimation of

water availability.
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