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Abstract: The flow of large northern rivers has increased, but regional patterns of changes are not
well understood. The aim of this study is the estimation of monthly discharge changes of the 11 river
catchments in the Aldan River basin in Eastern Siberia, the largest Lena River tributary and the sixth
largest river in Russia. We considered the trend dependence on month, number of years in the sample,
finish and start years, and basin area. The median fraction of samples with no trend, positive and
negative trends are 70.5%, 28.5%, and 1%, respectively. Longer samples tend to show more positive
trends than shorter ones. There is an increasing fraction of samples with positive trends as a function
of later sample end year, whereas the start year does not result in a similar pattern. The larger basins,
with one exception, have more positive trends than smaller ones. The trends in monthly streamflow
have prominent seasonality with absence of positive trends in June and increasing fraction of samples
with positive trends from October till April. The study reports the recent streamflow changes on
the rarely analyzed rivers in Eastern Siberia, where air temperature rises faster than in average on
the globe. The study results are important for water resources management in the region and better
understanding of current environmental changes.

Keywords: river streamflow change; Eastern Siberia; trend analysis; permafrost hydrology; Aldan
river; climate change

1. Introduction

Climate change drives the intensification of the high-latitude water cycle in recent
decades. While reported hydrological changes are contradictive in North American
rivers [1-6] recent increase of streamflow of the Artic Eurasian Rivers is manifested in many
studies [7-9]. The annual flow of Russian Arctic rivers increased by 4-18% in 1976-2014 in
comparison with the period 1936-1975 [10]. Besides annual streamflow increase, runoff
seasonality is changing, namely a shift to earlier and more elongated snowmelt spring
floods [9,11-15] and increase of the winter flow [16-19]. While the broad-scale pattern
of streamflow changes is relatively clear, regional- and local-scale patterns are not well
understood [20].

The Lena River is one of the largest Arctic rivers. It contributes 524 cubic km of freshwa-
ter per year, or about 15% of the total freshwater flow into the Arctic Ocean [21]. Significant
change was noted in the annual and seasonal Lena river streamflow [14,15,21-24]. It was
attributed to both anthropogenic influence through reservoir construction and natural
climatic shift along with related consequences on permafrost degradation, wildfires and
landscape transformation.

Most of the existing studies analyze hydrological changes in the Lena river before
2000 [7,9,17,18,21-23]. Some researchers suggest intensification of changes in the 21st
century [15,24,25].

Different methods of trend estimation are used in the analysis of hydrological changes.
Although the length of the data series largely determines the test result, many studies
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compare the results obtained on a series of different durations [19,24,26] that hampers
interpretation and attribution of trends to natural drivers. In this paper, we present trend
detection results on multiple samples with variable length, beginning and end years for
every studied gauge.

The Mann-Kendall test and its modifications are frequently applied for trend analysis,
since it is robust to non-normality of the underlying data [2]. Nevertheless, initial data
series need to be checked against jumps/breakpoints and data gaps before it can be applied
successfully [27].

Most of the Arctic streamflow change studies consider only outlets of large rivers,
including the Lena River. Only a few studies examined rivers of different size from small to
large basins [16,20,22,24,26,28]. Smaller upstream gauges are important for trend analysis
and attribution of found changes to natural drivers since impoundments and land cover
change had a minimal effect on flow data from the small basins [29]. Smaller basins
sometimes show opposite tendencies in comparison with large rivers [26,30] showed that
annual Vilyuy river streamflow has increased since the mid-1980s, but not all Vilyuy river
tributaries have the same tendency. Knowledge gained at the small basins may be a clue to
the understanding of processes on the larger scale. Analysis of changes on small basins is
important for practical purposes since many settlements in cold regions are located along
the rivers of different sizes and are exposed to floods and other river-related hazards.

The aim of this study is the estimation of long-term changes of monthly discharges
of the 11 river catchments in the Aldan River basin in Eastern Siberia. We considered
the dependence of trends on month, sample length, finish and start years, basin area
and streamflow.

Although there were many studies made on trend assessment for the large Arctic
rivers, there is, to our knowledge, no study dedicated particularly to the Aldan River
basin, the largest Lena River tributary and the sixth largest river in Russia. The long-term
discharge time series for the Aldan River and its tributaries starting as early as 1926 makes
it interesting for studying the impact of period length and location in time.

2. Study Object, Materials and Methods
2.1. Study Area

Aldan River with the basin area 696,000 sq.km is tributary on the right side of the
Lena River. It flows in the mountainous southeastern part of the Lena river basin and
does not have significant flow regulation and other anthropogenic influence. Overall, 89%
of the basin is covered by continuous permafrost and 11% by discontinuous permafrost.
Mean annual streamflow is 245 mm/year near the Aldan River outlet at the gauging
station Verhoyansky Perevoz. Annual streamflow is between 101 and 477 mm/year within
the 11 sub-basins studied in this paper. The smallest (<10,000 sq.km) and mountainous
catchments have the highest streamflow, above 400 mm /year. Streamflow of the Amga
river is less 200 mm/year due to dry climate and flat relief in the middle and low parts
of the basin. Streamflow of the Aldan river varies from 340 mm/year in upper part to
245 mm/year at the river outlet. Anisimov et al. [31] assessed that air temperature increase
in the Aldan River basin vary between 0.2 and 0.8 °C per decade for the period 1976-2018.
Changes in total precipitation are insignificant in winter and are mainly positive for the
other seasons.

2.2. Datasets

We chose 11 gauges in the Aldan river basin with available long-term streamflow data
from river gauging stations operated by the Russian hydrological service (Roshydromet)
(Figure 1). Analyzed monthly discharge series are shown at Figure 2. The median length
of the full observation series is 79 years with minimum and maximum values reaching
69 and 92 years, respectively. Few randomly distributed gaps (less 1% of the full dataset)
were filled based on strongest regression with other gauges in the dataset. Area of the river
basins ranges between 613 and 696,000 sq. km with the median 49,500 sq. km. Minimum,
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median and maximum mean annual discharges are 9.3, 199 and 5408 cubic m/s, mean
annual runoff depth—100, 268 and 477 mm//year.
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Figure 1. Scheme of the studied area: Aldan river basin and analyzed subbasins, fraction of the
samples with positive, negative, no trends and no data. Size of the circles is proportional to the
basin area.
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Figure 2. Monthly discharge series of the 11 studied gauges (m?/s).
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2.3. Methods

For each river gauge, we sampled multiple time series of monthly water discharges
with a duration of 40, 45, 50, 55, 60, 65, 70, 75, 80, 85 and 90 years from the full available
data series. This procedure resulted in samples of different durations starting from all
possible years in the dataset. In total, 23,724 samples were analyzed for 11 gauges (Table 1).

Table 1. Basic characteristics of river basins (ID, name, area, data period, mean annual discharge (D), mean annual runoff

depth (R), maximum monthly D and corresponding month, min monthly D and corresponding month, number of analyzed

samples).
Basin Area Data Mean Mean Max Month D Min Month D No of
D River-Gauge sq.km Period Anm;al D, AnnualR, m3/s, Month m?3/s, Month Samples
m°/s mm
3219  Aldan at Tommot 49,500 88 536 342 1849, May 71.1, March 3180
3222 Aldan at Ust'-Mil 269,000 84 2852 334 8956, June 203, March 2484
35 ~ AldanatOkhotsky 514,000 92 4362 268 15,132, June 296, March 3432
Perevoz
Aldan at
3229 Verhoyansky 696,000 76 5408 245 18,976, June 351, April 1776
Perevoz
Ulakhan-Nymnyr
3234 Bolshoy Nimnyr 1900 70 26.9 447 95.2, May 3.3, February 1260
3246 Timpton at 613 84 93 477 237, June 0, Dec.-Mar. 2592
Nagorny
3252 Chulman at 3840 69 53.8 442 156, May 0, March 1188
Chulman
3277 Allaﬁ;ﬁ“ at 24,200 73 18 243 585, June 0.7, March 1512
3291 Amga at Buyaga 23,900 81 128 169 645, May 16.1, March 2268
3292 Amga at Amga 56,800 79 199 111 1009, May 20.6, March 2064
3293 Amga at Teryut 65,400 78 210 101 980, May 24.3, March 1968

Time series were evaluated for stationarity in relation to the presence of monotonic
trends with Mann—Kendall and Spearman rank correlation tests at the significance level of
p < 0.05 [32-34]. If both tests suggested a trend at the significance level p < 0.05, a serial
correlation coefficient was tested at unity lag r. With the serial correlation coefficient r < 0.20,
the trend was considered reliable. In the case of r > 20, to eliminate serial correlation in the
input series the “trend-free pre-whitening” procedure (TFPW), described by Yue et al. [35],
was carried out. Other hydrological trend detection studies followed the same TFPW
procedure [2,36]. “Whitened” time series were repeatedly tested with a Mann-Kendall
nonparametric test and those with p < 0.05 were counted significant.

For every gauge, we got a pattern of trends based on multiple trend analysis with
different sample length, and different beginning and ending years. The variable length, be-
ginning and ending years approach was successfully applied in trend studies of snowmelt
timing [37], streamflow pattern [38], and Arctic precipitation and streamflow trends [9].
This type of analysis provides a more robust representation of change given the sensitivity
of trend estimates to the choice of start and end years [17].

3. Results
3.1. Trends Dependence on Month, Sample Length, Finish and Start Years

Longer sampling periods tend to show more positive trends than shorter ones (Figure 3).
More than 70% of the 40-year samples do not have any trends and only 20% have statisti-
cally significant positive trends. For 65-year samples, the fraction of no trend is 55%, and
the fraction of positive trends is 40%. The 75-year samples have slightly higher fractions of
positive trends comparative to the absence of them. Approximately 60% of the 85-year and
90-year samples have positive trends, and only 35-40% of them do not show any trend.
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Figure 3. Fraction of samples with positive trends for every gauge for different sample lengths.
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The increasing fraction of series with positive trends as a function of sample length is
characteristic for every gauge, except for Timpton R. at Nagorny (ID 3246), which has a
fraction of samples with positive trends between 0 and 6.3% regardless of sample length.
At Ulakhan-Nymnyr R. at Bolshoy Nimnyr (ID 3234), the fraction of samples with positive
trend rises from 60 to 85% with sample lengthening from 40 to 65 years. At other gauges, it
increases from 10-40% to 40-80% with sample length increasing from 40 to 65-90 years.

In most gauges, the identified trends have a prominent seasonality (Figure 4). June
discharges do not increase at any gauge. Additionally, 10% or less of all analyzed samples
show positive trends in July, August and September. Upper Aldan (ID 3219, 3222) and
Timpton (ID 3246) rivers show small number of positive trends in July (4-7%) followed by
their absence in August. Chulman (ID 3252) and Amga (ID 3291, 3292, 3293) rivers have
more positive trends in August (11-34%) than in July (5-29%). September streamflow is
relatively stable at the Amga (ID 3291, 3292, 3293) and Aldan (ID 3219, 3222, 3225, 3229)
rivers (<6% of samples with positive trends), but increases at the 39-51% of samples at the
Chulman (ID 3252), Allakh-Yun’ (ID 3277) and Ulakhan-Nymnyr (ID 3234) rivers.
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Figure 4. Fraction of samples with positive trends at the studied gauges for different months.

Within all analyzed samples, there is growing fraction of positive trends from October
to April from 31 to 59%. The Aldan, Amga and Ulakhan-Nymnyr rivers support the
tendency of growing fraction of positive trends in October—April. On top of this general
tendency, the lower Aldan and middle Amga rivers have a small reduction of samples with
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positive trends between November and December, upper Amga—between October and
November. Chulman, Allakh-Yun’ and Timpton rivers have different seasonality in the
found trends in autumn and winter: after high fractions of samples with positive trends in
October (61%) and November (68%) Chulman river does not show any streamflow changes
in January, February and March. Timpton River, the only river that freezes up to the bottom
in winter, have streamflow increase at the 15% and 9% of samples in November and April,
respectively. Allakh-Yun’ river has an uneven pattern of fraction of samples with positive
trends during the autumn and winter.

There is a clear tendency of an increasing fraction of samples with positive trends with
later end year (Figure 5). Samples finishing before 1977 do not show any positive trends
except in the Aldan River at Okhotsky Perevoz (ID 3225). Samples finishing in 1978 and
later show growing fractions of positive trends. Before 1983, a high fraction of samples
with positive trends mostly relates to Aldan River at Okhotsky Perevoz. Within samples
finishing in 1984-1986, Aldan at Verhoyansky Perevoz (ID 3229), Amga at Teryut’ (ID 3293)
and Allakh-Yun’ River at Allakh (ID 3277) also show positive trends (16-50% of samples).
Amga at Teryut’, Aldan at Verhoyansky Perevoz and at Okhotsky Perevoz show cycles on
the top of growing fraction of samples with positive trends with later end year. Allakh-Yun’
River has cycles on the top of declining fraction of samples with positive trends with later
end year. It gradually grows at the Ulakhan-Nymnyr R. (ID 3234), Chulman (ID 3252),
Amga at Buyaga (ID 3291) and Amga (ID 3292), Aldan at Tommot (ID 3219) and Ust’-Mil’
(ID 3222) without clear cycles. Cycles of trends could potentially be explained by cycles
of streamflow in the initial data series. Over 40% of all analyzed samples, finishing after
2006, have a positive trend. Maximum fractions of samples with positive trends at different
gauges reach 50% and more with end years in 2008-2016 except Allakh-Yun’ (ID 3277)
and Timpton (ID 3246) rivers. This fraction does not exceed 10% at the Timpton River
with any end year. The Allakh-Yun’ river shows more positive trends in samples ending
in 1984-1986 than in later years. The highest fraction of positively changing samples is
found at the Ulakhan-Nymnyr R. (ID 3234). It gradually increases from 33% (end years
1987-1989) to 87.5% (end years 2013-2015).
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Figure 5. Fraction of samples with positive trends at the studied gauges for different ending years.

At lower Aldan and Amga rivers, the increasing fraction of samples with positive
trends happens earlier than at the upper parts of the same rivers. The results suggest that
the larger rivers are more sensitive to changes than smaller ones.

Samples starting in different years (Figure 6) do not show any single pattern. Among
all samples those beginning in 1960-1968 have higher fraction of positive trends (>40%).
There is some decrease of no trend fraction from 1930 to 1975. Separate gauges have
different patterns depending on beginning year. Chulman (ID 3252), Ulakhan-Nymnyr
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year of sample start. Aldan at Okhotsky Perevoz (ID 3225) and Allakh-Yun’ (ID 3277)
have more positive trends in samples starting in earlier years. Many other rivers (Aldan at
Tommot (ID 3219), Aldan at Verhoyansky Perevoz (ID 3229) and all three gauges on the
Amga river (ID 3291, 3292, 3293)) have maximum fraction of samples with positive trends
within samples beginning between 1959 and 1971.
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Figure 6. Fraction of samples with positive trends at the studied gauges for different beginning years.

3.2. Trends at the Separate Gauges

Totally the median fraction of samples with no trend is 70.5%, with positive trends—28.5%
in the dataset. Fraction of the samples with positive, negative and no trends for every gauge
is shown at Figure 1. Except for the Ulakhaan-Nimnyr River, there is positive correlation
between the fraction of positive trends and the basin area, which is most pronounced in
winter months, from December till April. The larger river basin, the higher fraction of
samples with upward trends. Only two relatively small rivers—Chulman at Chulman and
Allakh-Yun’ at Allakh—show distinguishing fraction of negative trends.

Hydrological change patterns at the studied gauges differ (Figure 7). Timpton at
Nagorny (ID 3246) shows changes at the lowest fraction of samples comparative to other
gauges—only at 3% of the samples. It is the smallest river basin in the dataset with an area
of 613 sq.km and freezes up to the bottom every winter. Most of the found changes occur
in April, July and November in samples starting in 1963-1976 and finishing in 1988-1994
and 2009-2013. May, August, October have no trends. September and December have
few negative trends. April and December could be biased since in many years the river is
frozen up to the bottom during those months. In January, February and March the river is
frozen up to the bottom every year.

The second smallest river basin, Ulakhaan-Nimnyr at Bolshoy Nimnyr (ID 3234,
1900 sq.km), in opposite, shows the highest fraction of positive trends—67%. From Decem-
ber till April all samples show positive trends regardless of sample length, beginning and
end year. There are three exceptions in April corresponding to 40 years long time series
starting in 1948-1951 and ending in 1988-1990. On other months except June, positive
trends are found in samples finishing after 2000-2010. There are no positive trends in June
but one negative that could suggest flattening of the river hydrograph.

The outlets of the two largest rivers in the dataset, the Aldan at Verhoyansky Perevoz
(ID 3229, 696,000 sq.km) and Amga at Teryut’ (ID 3293, 65,400 sq.km) have approximately
equal fractions of positive trends and no trend. All other rivers (except for described earlier
Timpton and Ulakhaan-Nimnyr) have between 19 and 39% samples with positive trends.
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Figure 7. Trend patterns for different months, start and finish years for Timpton at Nagorny (3246), Ulakhan-Nymnyr at
Bolshoy Nimnyr (3234), Chulman at Chulman (3252), Allakh-Yun’ River at Allakh (3277), Amga at Amga (3292) and Aldan
at Okhotsky Perevoz (3225).

At the four gauges on the Aldan River, summer flow (June, July, August and Septem-
ber) have only occasional (less 6%) positive or negative trends regardless of sample length.
Summer (including September) is the most stable period at all four gauges on the Aldan
river. Few positive trends are found in July in long (>60 years) samples covering years
after 2000. More than 40% of January, February, March and April samples show positive
trends. Samples with positive trends mostly cover periods after 2000. Fraction of samples
with positive trend increase from September to December on the Aldan River. The largest
Aldan river basin at Verhoyansky Perevoz have higher total fraction of positive trends
(50.3%) than nested Aldan watersheds. Over 90% of January, February, March and April
samples at Verhoyansky Perevoz show positive trends comparative with 41-71% at the
upper gauges on the Aldan River. Since all other studied rivers eventually flow to the
Aldan River, change at Verhoyansky Perevoz could be considered as an overall indicator of
change in the whole basin.

Chulman River at Chulman (ID 3252) and Allakh-Yun’ River at Allakh (ID 3277) are
two gauges where negative trends in winter months have relatively high fraction—more
than 6%. It contrasts with other gauges that show increase of winter streamflow.
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Negative trends in the Chulman river are mainly found in March and February,
especially in samples that start before 1960. In some years, the Chulman river freezes up
to the bottom in February, March and April. Samples, finishing in 2005-2010 and later,
show many positive trends in May (40.4%), September (46.5%), October (60.6%), November
(67.7%) and December (34.3%) that could indicate earlier onset and later river freezing.

For Allakh-Yun’ River at Allakh (ID 3277) samples of December, January, February
and March starting after 1965 show negative trends. Interestingly those months have
positive trends in some samples starting before 1955 that could be explained by cycles of
streamflow. Additionally, 67.5% of April samples have positive trends that could reflect
earlier spring onset. Most of them start before 1960. September discharge is increasing in
samples finishing after 2010.

On the Amga river the downstream gauges have more positive trends in all months,
except September, than upstream gauges. June does not show any statistically significant
trends at all three gauges. Only small fraction (<6%) of May and September samples
show positive trends. Some July samples starting between 1945 and 1950 show positive
trends. August, October, November, December, January, February, March and April have
similar pattern of positive trend distribution on the samples and their increasing fraction
from upstream to downstream of the Amga River. Discharge increases mostly in samples
finishing after 2000-2010 at Buyaga (ID 3291), Amga (ID 3292) gauges, and after 1990-2000
at Teryut’ (ID 3293) gauge.

4. Discussion

The identified changes in monthly discharges of the Aldan river and its tributaries
mainly agree with the earlier studies of changes in the regional hydrology [24] and comple-
ment previous research with new results on the dependence of change on season, sample
length, beginning and finishing year for small, medium and large river basins.

Presence and absence of trends greatly depend on the analyzed data period. Longer
samples tend to show more positive trends than shorter ones at all studied catchments in the
Aldan river basin except the smallest one, Timpton river watershed. Ahmed et al. [15] found
larger rise (14%) of the combined annual discharge from the four largest Arctic-draining
rivers (including the Lena River) during the 30 years long period than Peterson et al. [7]
who reported the 7% increase using 60 years long records from the six largest Eurasian
rivers. Peterson et al. [7] used data before 2000 only while Ahmed et al. [15] assessed
more recent changes between 1980 and 2009. It suggests greater change during the more
recent period of analysis that agrees well with increasing fraction of samples with positive
trends with later end year found in the Aldan river basin. Adam and Lettenmaier [9]
also demonstrated that the longest periods with significant trends have been positive, and
the largest positive trends occurred during the later part of the record of the three largest
Eurasian rivers over 1936-2000. The revealed widespread positive changes in streamflow
records covering years after 2000 in the Aldan river basin updates the existing conclusion
that streamflow increases accelerated up until the end of the last century [9]. Shiklomanov
and Lammers [25] noted that the flow of the Arctic Eurasian rivers in 2007 was unusually
high and it was not an aberration, but a part of the general hydroclimatic trends since
1980. It altogether agrees with Berezovskaya et al. [22], who showed that Aldan River
experienced an extended low water period in the first part of the century (1936-1957),
which was followed by the wet periods of 1974-1983 and 1988-2001 in the latter part of the
last century.

Analyzed gauges in the Aldan river basin demonstrate prominent seasonality of the
identified trends. In the contrast to Ahmed et al. [15], who documented the greatest stream-
flow increase in fall compared to other seasons, we found growing fraction of positive
trends from October to April in the Aldan river basin. It agrees well with Ye et al. [23],
who revealed a discharge increase in the Aldan basin from November till May over the
period 1942-1999, weak increases during the high-flow season and a decreasing trend
in August. Our results showed that summer (including September) is the most stable
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season for the Aldan river that does not show many trends regardless of sample length
and coverage. Rawlins et al. [17] found the positive trends in winter and the negative
trends over the most recent decades in summer /fall discharge of the three largest Eurasian
basins (the Ob, Yenisei, and Lena) including a negative trend of spring flow (April, May,
June) for Aldan at Ust’-Mil and Aldan at Verkhoyanskiy Perevoz. We found occasional
negative trends in June and many positive trends in April in the Aldan river streamflow
that supports the commonly discussed tendency of snowmelt shifting to earlier dates and
spring flood flattening.

Anisimov et al. [31] assessed that air temperature growth in the Aldan River basin
vary between 0.2 and 0.8 °C per decade for the period 1976-2018. For the 19762020 air
temperature increases from 0.4 to 0.7 °C per decade [39] with the highest increase in the
flat north-west of the basin and lower change in mountainous southern and north-eastern
parts. Within the year winter and summer changes are moderate while air temperature
intensively rises in autumn and spring. It means that dates of air temperature transition
between positive and negative values shift to earlier time in spring and later periods in
autumn, that implies more rain instead of snow in autumn and earlier snowmelt in spring.
It could explain the high fraction of positive trends of flow in April, when temperature
shifts to positive values, and in October and following winter months, when additional
water comes as a rain and forms a higher basis of the winter recession curve. A similar
shift in the rain—snow ratio in the Yana and Indigirka River basins leads to positive trends
in monthly streamflow during the autumn-winter [19]. It agrees with the found significant
decreasing trend of the contribution of snowmelt water to the total streamflow of the
headwaters of the Yangtze, Yellow, and Lantsang rivers [40]. Changes in total precipitation
in the Aldan river basin are insignificant in winter and are mainly positive for the other
seasons [31] with an increase of 5-10 mm per decade in autumn and spring [39] that
contribute to the effect.

Many significant positive trends of streamflow in winter and a small amount of them
in summer are typical for the contemporary hydrological changes in the Arctic, which is
confirmed by our findings and previous works [17,21,23,41,42].

While the broad-scale pattern of hydrological changes in the Arctic is relatively well
studied, regional- and local-scale patterns are not described [20]. Our results highlight a
variety of responses of small, medium and large rivers to climate changes. The larger river
basins have the higher fraction of samples with the upward trends in the Aldan river basin.
The higher total fraction of positive trends, including earlier years, in the lower Amga and
Aldan than in their upper parts confirm a general pattern of more pronounced changes
in larger river basins and later occurrence of significant changes upstream. Small basins
show contrast tendencies of hydrological changes up to significant fractions of negative
trends, while larger basins have a smoother pattern and generally agree with each other. In
Canada, the streamflow in the Athabasca River Basin has been decreasing since 1960 and
will likely increase in the mid-century [43] that indicates that even one-way climate change
could influence streamflow of the river differently with time.

We showed complicated pattern of trend distribution through time and space. Com-
parison of trend results estimation for different sample lengths and coverage may lead to
misinterpretation of the general pattern of hydrological change.

This study was limited to the characterization of trends and their distribution in
time and space, and while the results are clearly in line with previous findings on air
temperature and precipitation changes, it is not enough to fully understand and explain
the identified streamflow change patterns. A possible way forward towards an increased
understanding of these changes could include modelling analyses and exploration by data
on other key hydrological components such as snow, permafrost and groundwater.

5. Conclusions

Within the 11 gauges on small, medium and large rivers in the Aldan river basin, the
median fraction of samples with no trend, positive and negative trends are 70.5%, 28.5%,
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and 1%, respectively. The presence and absence of trends greatly depend on the length of
the analyzed data period, with some variations between the different river gauges. Even
1-2 years’ difference in the length and/or coverage of the analyzed series can change the
result of the statistical test. Longer samples tend to show more positive trends than shorter
ones. There is a clear tendency of increasing fraction of samples with positive trends as a
function of later sample end year, whereas the sample start year do not result in a similar
single pattern. On the contrary, there is a tendency that the fraction of positive trends is
decreasing using later start year, especially in the larger rivers. The larger river basins,
with one exception, have more positive trends than smaller ones. The identified trends
in monthly streamflow have prominent seasonality with the absence of positive trends in
June and increase in the positive trend fraction from October till April. Over half of all
April samples show positive trends. For large Amga and Aldan rivers, the presence of
positive trends prevails over negative ones, while both positive and negative trends are
found in medium rivers.
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