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A G E H The long-term evolution of riparian vegetation in disturbed river reaches

under hydrogeomophic remodeling
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In this particular research study, it wished to subject the Japanese river systems in investigation of the long-term
evolution of riparian vegetation under hydrogeomorphic remodeling. Japanese rivers are uniquely characterized to
other rivers anywhere in the world because those are being short in lengths and steep in gradients due to the narrow
and mountainous topography of the country. Originally, the rivers in Japan were maintaining vegetation sparse riparian
grounds. Nevertheless, the intensive anthropogenic interferences were made to the natural river systems during recent
decades remodeling the riverine ecosystems. From the standpoint of riparian vegetation, the ecosystem remodeling was
believed to modify the original temperament. The long-term evolution of riparian vegetation in the model Japanese
river reaches was investigated in this study. In this case, the study attempted to carry out the work relating it to the
hydrogeomorphic recasting caused by the human-induced alterations to the river systems. The studied cases were opted
considering their representation of the typical Japanese river characteristics and the human-induced alterations to which
they were subjected. For the sake of experimental variation, the study covered both the midstream (Shizukuishi) and
downstream-most river reaches (Tedori and Fuji) in investigation of the long-term riparian vegetation evolution in
reference to hydrogeomorphic remodeling considering the potential influence of climate change as well.

In the first case, the selected study area was a reach of the Kitakami river basin, a typical Japanese river system
that is one of the steepest in Japan and is downstream of the Gosho dam, which has been operational since 1981.
We performed a historical aerial imagery survey of the reach that covered 60-years of both the pre- and post- dam
construction phases. Land cover evolutions along with the riparian forest cover were evaluated over time in relation
to their corresponding hydrological schemes. An evident long-term forest cover encroachment trend was revealed via
evidence from both hydraulics and sediment dynamics with objective verifications of flow regime characterizations
pertinent to pre- and post- dam operation scenarios. Factually, this was affirmed by the results of temporal correlation
analysis performed referring to the dam intervention on land cover evolutions. Furthermore, the dynamic riparian

vegetation model (DRIPVEM) was employed to demonstrate its applicability in numerical modelling simulations of



spatial tree distributions, under the reference river flow scheme of the same case. Validation of the simulation resulted
in a moderate-to-substantial agreement with the photogrammetric observation based on the calculated Kappa statistic of
0.65.

For the second case study, the downstream most river reach of the Tedori River was subjected. The lower Tedori
River is considered to be a model river for studying the pronounced transformation of a riparian ecosystem from white
to green, as it exhibits typical morphological characteristics of a Japanese river subjected to intense anthropogenic
interference. Besides, the lower Tedori River is located in a region that exhibits signs of global climate change.
According to the quantitative analyses of sediment accounts, the river corridor has historically reached an equilibrium
since the prohibition of heavy sediment extraction activities, and the water discharge is rather steady because of
dams. The contemporaneous vegetation encroachment was observed in a historical imagery survey and the vegetation
dynamics of the recast river reach for the past 18 years were analyzed to identify forcing hydro-climatic variables. The
Normalized Difference Vegetation Index (NDVI) was adopted for the surveillance of vegetation dynamics, and multiple
regression analysis was employed to evaluate its relationship with predictor variables. The river water level remained
the strongest determinant of NDVI, with both Pearson correlation and standardized  coefficients of -0.405, while air
temperature was next, with values of 0.363 and 0.288, respectively. These findings were further supported by the spatial
distribution of temporally advancing vegetation patches determined using the aerial imagery and pixel value maxima
of NDVI bands. Because the river water level predominates over the remaining hydro-climatic variables for delineating
the threshold zones of hydrogeomorphic disturbances in the determination of vegetation patch domains. However,
because the prevalent flow disturbance has been mitigated in terms of flow strength and the allogenic sedimentary
profile, the future course of vegetation encroachment will presumably be affected by potentially reciprocal relationships
between vegetation and hydrogeomorphic processes. Further, the progression of vegetation patches will presumably
give rise to more pro-vegetation surroundings in the riparian terrain through reciprocal linkages with hydrogeomorphic
processes. These objective predictions may help inform the proactive planning of river and coastal management. Thus,
this anticipation becomes study-worthy referring to the ecological status-quo of many a Japanese river which has gone
through intense anthropogenic disturbances, since it is being a model river reach. Therefore, treating this case as a
reference, the study attempt proceeded to the third case study subjecting a comparable river environment.

The downstream most reach of the Fuji River was the subject area for the third case study. The Fuji River classically
exemplifies the typical Japanese river morphology and its river basin has undergone intense dam constructions and
thereby the flow scheme modification has been experienced in course of time. By way of a comparative study to the
lower Tedori River case, this case study followed a comparable research template as it is observing the same matter
of concern, the vegetation encroachment in the riparian zone. The historical vegetation evolution was observed in a
historical imagery survey and the vegetation dynamics of the recast river reach for the past 18 years were analysed
to identify forcing hydro-climatic variables. The NDVI was adopted for the surveillance of vegetation dynamics, and
temporal correlation analysis was employed to evaluate its relationship with predictor variables. The air temperature
remained the strongest determinant of NDVI, with a Pearson correlation coefficient of 0.600, while the river water level
was next, with its value of -0.275. In comparison to the lower Tedori River case, the air temperature has presided over
the hydrological variables pertinent to the lower Tedori River.

However, the aerial imagery and NDVI pixel value maxima evidence the vegetation patch anatomy and the zonation
of hydrogeomorphic disturbances. Conclusively, in reference to the lower Tedori River, the lower Fuji River exhibits

a lag in its vegetation progression and this can be objectively interpreted by the slope of the trend line and the nominal



values of reach-averaged NDVI values of both the cases. This fact can be presumably attributed to the limited extent
of human-induced alterations made to the natural sedimentary processes. The heavy sediment extraction activities
experienced by the lower Tedori River may have contributed substantially to modify its riparian areas to more pro-
vegetation zones revamping the original vegetation suppressive sediment characteristics. Nonetheless, in the case of
lower Fuji River, due to the absence of such direct interference, the natural sediment processes may have been relatively

preserved manifesting the lag of vegetation encroachment in course of time.
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