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Intruduction

The Amur Liman is a unique bipolar estuarine ecosystem 
that functions as a hydraulic lock connecting the waters of the 
Sea of Okhotsk and the Sea of Japan (Figure 1). This shallow-
water basin is coupled with the mouth area of the Amur River, 
one of the largest rivers in East Asia.  The Liman extends 
meridionally for ~185 km with a width of 40 km and an average 
depth of only 4–6.5 m, which sharply contrasts with the depths 
at its boundaries: up to 15 m in the north (the Sea of Okhotsk) 
and up to 10 m in the south (the Nevelskoy Strait). This 
morphological uniqueness, combined with the complex 
seafl oor topography, determines its specifi c hydrological 
regime. Within this framework, the Amur Liman functions as a 
large-scale estuarine converter, transforming and mixing the 
opposing fl ows of riverine and marine waters [1,2]. 

The underwater delta of the Amur is dissected by a 
system of banks and shoals into distinct fairways that dictate 
the regional hydrodynamics, which, given the extreme 
inaccessibility of the coastline, characterized by vast tidal 
fl ats and a lack of transport infrastructure, signifi cantly limits 
the scope of continuous on-site (in situ) observations. In this 
connection, an empirical basis of research was created, which 
integrates long-term hydrological records and high-resolution 
remote sensing data. River discharge series (1896–2021) were 
obtained from the Roshydromet gauging stations (Khabarovsk 
and Bogorodskoye), providing a robust historical baseline. 
These were synthesized with satellite monitoring archives 
(MODIS/Terra and Aqua, 2004–2011) to analyze the spatial 
evolution of the Amur plume. Consequently, the integration of 
century-scale gauge data with satellite imagery serves as the 
most reliable methodology for ensuring spatial and temporal 
reproducibility in this geographically challenging region. 
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A primary indicator of riverine infl uence, alongside density 
gradients, is the thermal structure of the surface waters. 
During periods of low dynamic intensity, a river plume (with a 
thickness of 5–10 m) forms within the Liman and the Sakhalin 
Gulf, buoyantly spreading atop the denser marine water masses. 
The resulting pronounced vertical density and temperature 
gradients (the pycnocline and thermocline) effectively block 
vertical exchange, thereby governing the hydrochemical and 
biological status of the coastal waters [3-5]. 

The regional hydrophysical regime is governed by a direct 
coupling between the Far Eastern monsoon system and 
estuarine dynamics. Meridional atmospheric circulation and 
abrupt shifts in pressure fi elds act as the primary drivers of 
the Liman’s seasonal variability [6,7]. During winter, the 
intensifi ed Siberian High creates a stable ‘ice corridor,’ where 
northwesterly fl ows transport Arctic air masses, triggering 
early-onset ice formation and transforming the Liman into a 
monolithic platform that suppresses wind-driven mixing [8]. 
Conversely, the summer-autumn runoff intensity is strictly 
dictated by the development of the Far Eastern Low [9,10]. 
This pressure confi guration directs the summer monsoon to 
shape the Amur’s specifi c hydrograph, where up to 90% of the 
annual discharge is concentrated. Thus, the Siberian High and 
the Far Eastern monsoon system function as a unifi ed climatic 
regulator, simultaneously dictating the ice regime’s stability 
and the catastrophic nature of monsoon-driven fl oods.

Transition phases of circulation (May and October) are 
localized within narrow time intervals, marking a radical 

restructuring of the regional hydrodynamics.

Annually, the Amur River delivers a substantial volume of 
resources to the Liman system: over 350–380 km³ of freshwater 
and approximately 52 million tons of suspended sediment. 
The intra-annual dynamics of this discharge are extremely 
asymmetrical, with up max of the runoff concentrated within the 
narrow window of the summer monsoons from May to October 
[7,11]. The hydrological regime is controlled by a superposition 
of a weak spring snowmelt and prevailing summer-autumn 
rain fl oods. The primary runoff pulse occurs between July and 
September; its amplitude is directly dictated by the intensity 
of monsoon circulation and moisture transport from deep 
cyclones and tropical typhoons [12-14].

Water circulation in the Amur Liman is driven by a triad of 
factors: river discharge, tidal energy, and wind forcing. During 
the ice-free period, the wind acts as a dynamic redistributor of 
water masses. The hydrodynamic regime of the area is quasi-
permanent: multidirectional fl ows are recorded along the 
coasts, generated by both the Amur discharge and the inter-
basin sea-level gradient between the Sea of Okhotsk and the 
Sea of Japan [15].

Historically, the fi rst fundamental circulation 
scheme, reconstructed from the Far Eastern Regional 
Hydrometeorological Research Institute (DVNIGMI) data 
for 1933–1940, remains the baseline for discussion [16]. 
According to this classical model, cold waters from the Sea 
of Japan advance along the eastern coast, while the Okhotsk 
masses shift southward along the western shore. However, this 
scheme describes only the background circulation, neglecting 
the powerful impulse of the Amur discharge. The specifi c 
hydrodynamics of the Liman are determined by the interference 
of the Okhotsk and Japan Sea tidal waves. In conditions of 
extreme shallowness and a labyrinth of fairways, this leads to 
an anomalous increase in current velocities within bottlenecks. 
It is the tides that act as the primary regulator here, ensuring 
forced water exchange through the Nevelskoy Strait [17,18].

An alte rnative circulation model, presented in the Lotsiya 
Tatarskogo proliva... [1], confi rms the meridional orientation 
of the main discharge toward the Sakhalin Gulf but identifi es a 
crucial bifurcation zone at Cape Pronge. Here, the hydrodynamic 
structure is governed by the interference of tidal waves and 
baroclinic effects, leading to a complex restructuring of 
the fl ow. While part of the Amur water transits into the Sea 
of Japan through the Nevelskoy Strait, another signifi cant 
portion forms a local cycle within the Liman, forcibly returning 
to the northern circulation due to the Eastern fairway’s 
confi guration. This mechanism, effectively closing the “Amur 
Loop,” indicates that the regional dynamics are dictated by 
density-driven gradients and the Coriolis force rather than 
oversimplifi ed wind-drift models.

Fundamental studies of the Amur estuary [Gidrologiya 
ust’evoy oblasti r. Amur [19] confi rms that the general water 
transport is determined by the confi guration of the fairways. 
The distribution of discharge among the primary arteries 
(the Northern, Eastern, and Southern fairways), according to 

Figure 1: Schematic map of the Amur Liman and adjacent waters of the Sakhalin 
Gulf,  Nevelskoy, and Tatar  straits, modifi ed after [2]. Fairways are indicated by 
numbers: 1 – Eastern, 2 – Northern, 3 – Sakhalin, 4 – Southern.
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calculations by Yakunin [20] and Ponomareva [21], is nearly 
proportional (averaging 30% - 40% per channel), proving the 
decisive role of seafl oor morphology. However, this system 
is not static: it represents a pulsating mechanism where 
proportions vary depending on river volume and wind regime. 
Northerly winds during transition periods increase the fraction 
of discharge moving south (the surge effect), whereas the 
summer southerly monsoon traps fresh water masses in the 
northern Liman, promoting their discharge into the Sakhalin 
Gulf [14,22].

The consensus of modern researchers [2,23,24] confi rms 
the dominance of the northward transport vector. This priority 
is dictated by the basin’s geometry: the Amur mouth is shifted 
toward the Sakhalin Gulf, and the width of the northern 
opening (24 km) is three times that of the Nevelskoy Strait’s 
bottleneck (7 km). Consequently, the bulk of the discharge 
is carried into the Sakhalin Gulf, forming a large-scale East 
Sakhalin freshwater plume that pulsates in sync with the 
river’s volume. An additional driver for this meridional drift 
is the inter-basin sea-level difference: the summer monsoon 
creates a northward slope, intensifying the water discharge 
into the Sea of Okhotsk. However, in a shallow bipolar estuary, 
baroclinic effects and the Coriolis force play a key role. The 
interaction of diverse water masses generates a complex vortex 
structure that determines the Liman’s hydrodynamics more 
accurately than standard drift models [25,26]. 

A synthesis of nearly a century of data has allowed us to 
construct a comprehensive circulation scheme. According to 
this model, the primary freshening arteries are channeled 
through the Northern and Sakhalin fairways. The southern 
vector retains its signifi cance, but its structure is more 
complex: a critical fl ow reversal occurs near Cape Pronge, 
where the confi guration of the Eastern fairway forcibly returns 
part of the discharge to the northern circulation, thus closing 
the “Amur Loop.” 

Despite the existence of general schemes, circulation 
in the Liman remains a subject of intense debate. Research 
records not a static fl ow but high-frequency oscillations: 
the Amur discharge pulsates, reorienting between the Sea 
of Okhotsk and the Sea of Japan in response to short-term 
impulses [15]. Satellite monitoring (2004–2011) confi rms the 
stochastic nature of the process [2]: out of 40 analyzed cases, a 
northward vector was recorded in only 17, a southward vector 
in 6, and in 14 cases, no signifi cant discharge was observed, 
indicating periods of stagnation or intensive internal mixing. 
The Liman’s dynamics remain strictly dictated by the monsoon 
calendar. 

A detailed segmentation of the open-water season [27] 
demonstrates that while northward meridional transport 
dominates during the peak summer monsoon (June–
August), the autumn restructuring of atmospheric circulation 
(September–October) acts as a ‘reversal trigger’, forcibly 
redistributing Amur waters. The differentiation between 
the ‘cold’ (May–July) and ‘warm’ (July–September) monsoon 
phases confi rms that regional hydrodynamics are a function 
of the atmosphere’s thermal state [28]. Historical data (1980–
1988) record an alternative pattern: the warmed waters of the 

Liman shifted primarily along the western coast of Sakhalin 
Island, while the mainland shore was occupied by cold Okhotsk 
masses [3]. This provides direct evidence that the system is 
capable of switching between stable circulation regimes, 
forming long-lived hydrophysical anomalies.

Under standard conditions, the hydrodynamic background 
of the Amur Liman is characterized by moderate dynamics, 
with current velocities ranging from 0.35 to 0.9 m/s [19] and 
low-amplitude oscillations [15]. This picture serves merely as 
a ‘baseline background’, which undergoes radical deformation 
during periods of fl oods and typhoons [29]. The regional 
dynamics are not autonomous; they are governed by a cascade 
of external drivers: from surge-driven fl uctuations [30,31] and 
tidal cycles [1,27] to the inter-basin sea-level gradient [3,32,33]. 
In this system, the Liman acts as a membrane, reacting to the 
overall scale of water exchange between the Sea of Japan and 
the Sea of Okhotsk [5,34].

The discharge regi me of the Amur River serves as 
an indicator of regional climatic shifts. The assessment 
of extreme fl ood frequency remains a subject of debate: 
the interval between catastrophic events varies from 7–8 
years for the Middle Amur to 15 years for the Lower Amur 
[7,35]. To resolve these contradictions, this study relies on 
a comprehensive 126-year observation series (1896–2021). 
The analysis of this dataset [36] has enabled the identifi cation 
of long-term discharge phases. To clearly distinguish between 
baseline hydrodynamics and extreme events, we analyzed these 
long-term phases to show that extreme fl oods are not stochastic 
anomalies but are synchronized with secular climatic signals, 
while the baseline background is characterized by moderate 
seasonal pulses. This 126-year retrospective demonstrates that 
the modern period of intensifi cation in hydrological anomalies 
is part of a broader transition between stable discharge phases, 
refl ecting a fundamental shift in the Far Eastern moisture 
transport system. 

Thus, a retrospective of observations spanning more than a 
century allows us to interpret the Amur Liman not merely as a 
transit zone but as a robust dynamic mirror of the Far Eastern 
ecosystem—a pulsating heart of the region, whose rhythms 
refl ect the secular variability of the climate.

Conclusion

The synthesis of century-scale hydrological records and 
modern satellite data reveals that the Amur Liman functions 
not merely as a transit estuary but as a critical climate indicator 
system for the Far Eastern region. Our fi ndings confi rm that 
Liman’s hydrodynamics are strictly governed by a unifi ed 
climatic regulator: the interaction between the Siberian High 
and the Far Eastern monsoon. The identifi cation of the “Amur 
Loop” and the pulsatory discharge regimes across primary 
fairways demonstrates that the system is highly sensitive to 
secular climatic shifts.

The 126-year retrospective (1896–2021) indicates that 
extreme hydrological events are synchronized with long-term 
atmospheric signals, making the Liman a robust dynamic 
mirror of regional moisture transport. For future coastal 
management and regional research, this implies a necessity 
to shift from static circulation models to dynamic, event-
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based monitoring. Given the coastal inaccessibility, further 
integration of remote sensing with high-frequency gauge 
data is vital for predicting catastrophic fl oods and managing 
the fragile bipolar ecosystem of the Amur estuary in an era of 
accelerating climatic variability.**
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