	4th International Symposium on Flood Defence:         Managing Flood Risk, Reliability and Vulnerability                      Toronto, Ontario, Canada, May 6-8, 2008


	[image: image16.png]Institute for
Catastrophic Loss

Reduction —







MANAGEMENT OF RIPARIAN WOODLANDS TO MITIGATE FLOOD RISK WHILE CONSERVING THE ENVIRONMENT IN HOKKAIDO, JAPAN
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[image: image16.png]Abstract: The purpose of this research is to clarify how best to conduct riparian woodland management. Dense riparian woodlands act as resistance against flood flow and are also known as a source of driftwood. Even so, riparian woodlands are important as a natural habitat, and they add to the riverscape. The riparian woodlands found in the middle reaches of the Toyohira River mostly consist of willows (Salix spp.), which readily grow shoots after maintenance thinning. In this research, the woodland at the field site along the Toyohira River was surveyed to clarify the resistance force against flood flow. Based on the survey, the resistance density is calculated as 1.13, a value that is relatively large because of the high density of the trees. The transition of resistance density against flood flow was simulated using a projected area from a tree growth model based on stem analysis. This simulation can be applied to discussions on how to manage the thinning of woodlands in view of density and frequency.
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1. Background and Purpose of the research
The Toyohira River runs through the center of Sapporo City which is the biggest city in Hokkaido Prefecture, Japan. This river has a 622 km2 catchment area originating from a natural forest region preserved in the southern part of Sapporo, and flows to the Ishikari River. The river authority has concerns over the possibility of flush flood disasters because of the steepness of the riverbed (1/100-1/200) in this urbanized area (see Figure 1). The Toyohira River suffered serious flooding in August 1981, when the water level reached the height of the bridge crossing the river just below the field site.

In order to mitigate flood loss in the Toyohira River basin, a range of improvement projects have been implemented such as levee construction, multipurpose dams, revetment work, a series of groundsills, and flood channel excavation. The Toyohira River Improvement Plan was published in 2006, and included further structural and non-structural measures.

The Plan also emphasizes the necessity of riparian woodland management. Densely growing woodlands could cause the water level to rise by obstructing flood flow and pose a risk of extensive damage from driftwood. On the other hand, the plan notes that riparian woodlands are indispensable for the river environment and waterfront scenery.
1.1 Purpose of the Research
This research aims to clarify the resistance of woodlands against flood flow in accordance with their growth and recovery after thinning at the actual site. In order to determine a management plan for riparian woodlands, it is necessary to consider the appropriate density and frequency for thinning based on the present resistance and its transition in the future. 
The relationship between the density of trees and the coefficient of drag force is certified in previous research (Fukuoka et al. 1987) and Ishikawa et al. (1987) recommended calculating the accumulated resistances of stems and leaves for willow trees based on detailed experiments. As it is difficult to indicate the density and quantity of leaves practically, the projected area of woods is focused on to enable estimation of the resistance force of woods against flood flow (Aburakawa et al.2004). 
We selected a field site on the right bank of the Toyohira River 17 km up from the junction with the Ishikari River where willows grow densely. This portion is critical against water level rising because of the narrow river width and dense woods along the low water course. We carried out research on all the trees within the site and implemented stem analysis on six of them.
1.2 Riparian Woodlands along the Toyohira River
[image: image17.emf]Recently, riparian woodlands grow densely along the low water course of the Toyohira River as shown in Figure 2. The sand bars in the low water course have become relatively fixed because of snowmelt flood control by multi-purpose dams constructed in the upper reaches. Before the dams were completed, water levels rose above the sand bars and flood water could wash small trees away. The woodland consists mostly of willows (Salix spp.), as the diversity of tree species supplying seeds around the channel in such an urbanized area is small. Willows (Salix spp.) produce a lot of small wind-scattered seeds just after the snowmelt season, which is why they are dominant areas such as that shown in Figure 3. 
According to previous research in 2006, 32 species of native seedlings were found growing under the willow crowns. They were assumed to have germinated from seeds carried by the wind, stream water, birds or small animals. However, they seemed to have little chance of survival under the dense cover of the willows.
River administrators managed the riparian woodlands by felling willows (see Figure 4), and leaving native trees. This is expected to mitigate flood risk, conserve the eco-system of riparian woodlands, and facilitate future maintenance. 
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research on woodlands to estimate projected area
The field site selected was a 200 m2 area on the right bank of the low water course of the Toyohira River in the center of Sapporo City. This section (Figure 5) is named KP17.0, as it is 17.0 km up from the junction with the Ishikari River. River administrators are concerned that the relative narrowness of the river may cause the water level to rise and breach levees or spill over. 
In the River Improvement Plan, the high water level in this section is settled as 36.55 m, but the water could rise to 37.28 m because of flood-flow obstruction by woodlands. The river administrator must manage the woodlands to prevent the water level from rising, and accordingly carried out thinning of the trees in 1996 and 2000.
[image: image20.emf]   

We researched all the trees in the field site in terms of species, height, DBH (diameter at breast height), crown width, and clearance height under the crown. There were 145 trees with heights ranging from 2.4 to 23.6 m and 1.0-21.0 cm in DBH. 92% of the trees were native willows (Salix spp.), while others were exotic species as False acasia (Robinia pseudoacacia Linn.) and Lombardy poplar (Populus nigra var. italica Muenchh) as shown in Figure 3. 
2.1 [image: image21.wmf] 

Estimation of Projected Area against flood flow
The resistant force of a submerged tree is estimated by its projected area against the flood flow as in the formula below. In addition, the rise in the water level can be determined through non-uniform flow calculation by applying the resistant force.
[1]   
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 [N] is the resistant force, which is as same as drag force, 
[image: image3.wmf]r

 [kg/m3] is the density of water, 
[image: image4.wmf]A

[m2] is the projected area against the flood flow, 
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is the drag coefficient of tree, and 
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[m/s] is the flow velocity immediately upstream of the tree.
We focused on the projected area because (1) it changes dramatically according to tree growth, and (2) woodland management activities such as thinning aim to decrease it. The calculation of each projected tree area was recommended as:  
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Where 
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[m] is the clearance height under the tree crown, 
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[m] is the diameter of tree, 
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[m] is the tree height, and 
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[m] is the crown width (Figure 6). Previous experimental research suggests that the projected area of tree crown is diminished to half its original size in flood water (Aburakawa et al.). In this research, we calculated the projected area of tree parts submerged under the high water level (36.55 m). 
After determining each projected area, the resistance density (
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Where 
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 is each calculated projected area of the 145 trees and 
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 (m2) is 200 m2 as the area over which the trees are growing.

The calculation estimates the resistance density of the woodland at 1.13, which is a much larger value than found in the previous studies. It is presumed that the density of the tree count affects the resistance density. 145 trees growing over 200 m2 is quite dense compared to ordinary woodlands. The projected area of the tree crowns is 399 m2 overall, which seems to obstruct the flow much more than the stem area (26.8 m2).
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Transition of Projected Area According to Tree Growth
Six willow trees were selected for stem analysis to examine their annual growth. Two of them had a standard shape without any trace of thinning, while the other four had been disturbed by thinning and had shoots growing from their stumps. According to the stem analysis, the willow trees grew up to a height of 8.8 m over 16 years, and can sprout shoots at a height of six meters ten years after cutting. Annual growing models of stems and shoots are represented based on the results of analysis. 
It is also necessary to estimate the transition of the crown width and the clearance height of the crown as outlined above. The relationships H-W (tree height and crown width) and H-h1 (tree height and clearance height) are therefore examined respectively (Figure 7 and 8) based on the data collected in the survey. Tree height is correlated with crown width and clearance height, comparing with other factors as the DBH and density of trees, so the estimation was implemented as outlined above.
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 As shown in Figure 6, tree height and crown width are relatively correlated, but clearance height is not in proportion to tree height (Figure 7). However, crown width increases according to tree growth, and the clearance height under the tree crown also seems to be raised at an earlier stage. The tendency of the rising clearance height is treated as the red line in Figure 8 in the model.
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Transition of the projected area of ordinary trees was simulated by combining the estimated projected areas of tree stem and crown. The projected area of the stem is calculated by the tree diameter and the clearance height of the crown, while the projected area of the crown is calculated by crown width, tree height and clearance height based on the growing model as in Figure 9. It represents the increasing projected area according to the annual growth of ordinary trees without management thinning. 
The projected area does not increase smoothly in this model, especially around the five and thirteen-year points. The reason for this is that growing rates are deferent in each year.
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Transition of Projected Area after Cutting

Willow trees (Salix spp.) can sprout shoots from their stumps after cutting. The shoots growing from the cut stems were also analyzed and annual height growth was determined (Figure 10). For the three years after cutting, shoots grow very well up to four meters, and then the growing rate decreases.

The shoots also have branches and leaves, so it is assumed that trees with such shoots have similar crowns as ordinary trees with the same height.
3. Simulation of transition of resistance
It is possible to simulate the transition of woodland resistance against flood flow using the model for the projected area of trees and sprouting shoots growing annually as discussed in the previous section.
3.1 Transition of Density of Resistance
The woodland in the field site consists of 145 trees in various conditions. Most of them are estimated to have been growing since 1990 from records and stem analysis. Some of them also bore marks of having been cut and have sprouting shoots. The river management office thinned the trees in 1996 and 2000. 
If maintenance thinning had not been performed, resistance density would have increased to a level higher than the present situation. The simulation is carried out under the conditions of 145 trees having grown according to the growing pattern represented in Figure 9. The blue square dots show that the rate of resistance density increases to around 1.2 after 16 years of growing. This rate seems to be appropriate compared to the surveyed rate of 1.13. 
The tree density in the field site (i.e.145 trees over an area of 200 m2) is too high as already mentioned, so thinning is necessary. It is well known that tree density gradually decreases in line with woodland growth but this has not happened at this site. In the case of willow woodlands, it is reported that the density rate lowers from 10,000 to less than 2,000 trees/ha in the first 20 years of growth in Hokkaido. It is therefore necessary to manage thinning of 80% of the trees in such a site to adjust to an ordinary level of density. Woodland management plans should include this consideration when determining how to adjust future density. 
Recovery of the resistance density of thinned trees is shown in Figure 11 as green triangle dots. In this simulation, 80% of the trees were cut after six years of growth and shoots sprouting from the stumps grew, while the remaining 20% of the trees kept growing. The strong growth of the shoots in the three years after thinning means that the density of resistance increased rapidly during this period. The results of this simulation indicate that resistance density would recover up to 0.95 at 10 years after cutting.
3.2 Maintenance Plan Based on Resistance Density
Although it is necessary to manage woodland thinning to mitigate flood risk and conserve the environment, there is no standard for such management. It is safer to cut all the trees, but this is not beneficial for the river environment and landscape, and the remaining stumps can sprout dense shoots thereafter. It is therefore recommended that thinning management be carried out based on the transition of resistance density.
This transition is represented and can be easily compared with transition after thinning in Figure 12. When the river management office decides the upper limitation of resistance density in the actual section based on the water level allowance, the management plan should be discussed based on this model. 
The red and green areas in Figure 12 show the transition of resistance density after maintenance cutting. The woodland resistance grows as shown by the blue pattern, and the thinning lowers the density as shown by red area. The second maintenance was carried out four years after the first thinning. The management record reflects thinning in 1996 and 2000, but the actual density of the thinning was not recorded. In the simulation at the second thinning, 80% of the trees are cut and sprout shoots at the first cut.
As explained above, the density of the number of trees is influenced by woodland growth, but this is not considered in this model. It is assumed that the growing tree crowns make the area darker, thus increasing competition between trees in the woodland. The density of the trees must therefore decrease, tends to make future maintenance much easier. It is necessary to determine the transition of density in the regular condition and after maintenance is carried out.
During maintenance, willows are cut in the regular way and other native trees are preserved preferentially. Willows naturally grow more densely than other native trees, so a change structure can lower the density, making future management easier. It also makes woodlands more suitable for the natural environment. 
4. conclusion of the research
Research was carried out in the woodland field site along the Toyohira River. The objective was to clarify the resistance force against flood flow by accumulating the projected area of each tree using the tree height, the stem diameter, the crown width, and the clearance height of the crown. The results of the survey indicated a resistance density of 1.13, which is quite high compared to ordinary woodlands because of the high density of the trees.
The resistance transition was simulated by projecting the area of a standard tree model based on stem analysis. Recovery of the resistance density of thinned trees was also simulated using the model for the projected area of sprouting shoots.
This simulation can be applied to discussions of how to manage woodland thinning in view of density and frequency. The density of trees decreases in line with tree growth and changes in woodland structure making future maintenance easier.
In order to improve this model, further research is needed on: (1) the actual transition of projected areas in the future, (2) the resistance force of riparian woodlands and their behavior in flooding, (3) the transition of tree density and its influence on woodland structure. 
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Figure 1: Location of the Field site
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Figure 2: Riparian Woodlands
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Figure 4: Thinned Woods
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Figure 7: Width of Tree Crown
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Figure 8: Clearance height under Tree Crown
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Figure 5: Cross Section of the Field Site
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Figure 11: Transition of Resistance 
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Figure 9: Transition of Projected Area
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Figure 12: Maintenance Plan for Riparian Woodlands 
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Figure 10: Growing shoots
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Figure 3: Composition of Tree Species








Projected area at the site


Stem: 26.8 m2


Tree crown: 399.0 m2


(The projected area of tree crown is diminished to half its original size in flood water)


Total A: 226.3 m2
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Figure 6: Measurement for Projected Area
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