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Presentation Agenda

* Introduction to Forests in Japan
« Evaluating Water Resource Conservation and Other Forest Functions

§ Objectives and Methodology

§ Survey and Analysis Results
1. Assessment of the flood-mitigation and drought-mitigation functions of forests
2. Assessment of the material-runoff equalization functions of forests
3. Assessment of the runoff impacts of forest growth

« Summary

Introduction to Forests in Japan




Japan’s Forests: Past and Present

+ With the expansion of WWII, demand increased for

Devastated forests  — Abundant forests lumber for use in military supplles prompting an
expansion in logging activities.

+ After the war, there was huge demand for lumber for
reconstruction purposes. Logging on a mass scale
caused devastation to forests. This resulted in massive
damages in mountainous areas and widespread flooding
due to typhoons and other storms throughout the country.

« The government promoted nationwide reforestation to
' protect national land and address lumber-supply
1950s Today shortages.

Restoration of devastated forests near lin10,000hal " Changes in the age composition of planted forests
: 250 29
the city of Tamano, Okayama Prefecture 206 1966
u As of the end of March 2017
Source: Conservation Efforts to Preserve Forests for Future Generations: 200 159
Restoring Greenery, Forestry Agency website 150 153 143

102 I 50% of planted

100 F forests are over
. 50 years old
+ These reforestation efforts have o | © 1,085, o
bolstered Japan'’s forest resources, 7 Lo [ )0 1613 10 o 17
0
and half of planted forests have 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20+
matured for more than 50 years. Age class
Sources: Current State of Forest Resources (as of March 31, 2017), Forestry Agency
Japan'’s Forest Resources (April 1968), Forestry Agency 5
Current State of Japan’s Forests 2510':)an5|tlons in forest area (area of conservation forests)
D M H //r‘ ’ Forest —
* Forests in Japan cover 25.03 million hectares of land (as 2000 et
f 201 7) "u\ Forest
1500 w— P\ ] e oo o
» About 70% of the country’s land area (= mountainous) is Area e e '
covered with forest. [ 10,000 hal - 10pp ovee b
v one of the most forested countries in the world 500  widemess conarston
. After pro?ress with reforestation, the number of mountain O NIN 5 g oo
slope collapses declined and the total area of flood 0 : e
|nundat|on decreased. 1SS0 1900 1920 1940 1960 1980 2000
Proportion of forest area by country (Top 10 OECD countries) Transitions in the number of slope collapses due
P c Forest area’ Proportion of to a single wind or flood event
O el [in 1,000 ha] forest area [%] 40
Finland 22,409 73.7 30 % -
7
Sweden 27,980 68.7 No. of slope " /a1
Japan 24,935 68.4 Cplapses { o .
Japan is third, P ’ - ' 10 . l‘.' — =
after Finland and sottilieion 6,287 64.5 0| el smemed o
Sweden Slovenia 1,238 61.5 1880 1900 1920 1940 1960 1980 2000
Estonia 2,438 561 Transitions in total area of flood inundation
Latvia 3,411 54.9 150 T X
Colombia 59,142 53.3 Total area of - . i)
Austria 3,899 47.3 flood : 1 !
. inundation b I e lolle J1 Ll 4
Slovakia 1,926 40.1 [in 10,000 kmg] 90 ot [¢17 % ".,\
Source: Global Forest Resources Assessment 2020, FAO ok R ¢ "’."ﬁ"‘ \ f ?’4'-‘," o s
*Japan’s forest area here is different from the figure given above because the 1880 1900 1920 1940 1960 1980 2008 #
surveying entities and times of data collection are different. Source: Tada Yasuyuki, “Historical Transition of Natural Disaster and Land,

Forest-use in Japan”, Water Science No. 363 (2018) 6




Promoting River Basin Disaster Resilience and Sustainability by All and
Fulfillment of Multiple Functions of Forests through Forestation

» On the other hand, due to climate change and other factors, flood
damage has become more frequent and more severe across Japan in

recent years.

Torrential rain in Northern Torrential rain in July
Kyushu in July 2017

o

i 4 L . elha
Flooding damage along the Flooding damage along the
Katsura River Kumagawa River

» Consequently, all river basin stakeholders have joined
together to promote efforts toward river basin disaster
resilience and sustainability through integrated
infrastructure-side and system-side measures.

» Forestry Agency promotes forestation and forest
conservation measures as a means of maintaining and
improving multiple functions of forests such as flooding
mitigation and soil runoff prevention.

Promotion of river basin disaster resilience and sustainability

Forestation and forest

conservation measures . -
Catchment zone | . -
. 1 Construction of erosion
Construction and .
control infrastructure

restoration of flood-
L
control dams v Water-pressure -
—ay reservoirs ~ Useof small

Use of water

L i
- - reservoirs
supply dams “ !‘l" é —
e ‘: I 4 Construction of
- - ' rainwater reservoir
. 4 - Backwater measures infrastructure

% | .
F .o " ; olkwate B -

$ v y &y $.
v "‘ - t'\‘-“.-' ’
- Construction of drainage Relocations to
\‘i‘-\_“ pumping stations low-risk areas Flood
}. plain

\ Construction of flood- = #% - -
control ponds . l' =3:
ﬁ River channel - =
» ’ g. &_ 2 dredging High-risk area a Measures to
13 i Dike construction and ~_ preventschool
- ) d reinforcement . . L™ flooding
tu S.* Ii | > -
Construction of rainwater . a v Hg S ‘
reservoirs and drainage " Y " # - ‘
infrastructure L

Construction of coastal
protection infrastructure

Source: Ministry of Land, Infrastructure, Transport and Tourism website

Evaluating Water Resource Conservation
and Other Forest Functions




Project Objectives

@ In-depth evaluation of the flood-mitigation and soil-

runoff prevention functions of forests. KyUShU

@ The supply of water, soil, and nutrients by
forests as well as the prevention or reduction of
large-scale flooding and soil runoffs during
heavy rainfall events.

@ To assess the impact of forests on entire basins
and coastal areas.

* In this project, studies and analyses were carried out
to examine directions for forestation that best
facilitate environmental conservation. The project
was based on laws aimed at preserving and

improving the environment and restoring fishery Yatsushiro'Sea

stocks in the Ariake and Yatsushiro seas in
southwestern Japan, where red tides have
damaged the fishing industry.

y

The Project’s Target Area

* Basin name: Kikuchi River Basin
* Length: 71 km
« Basin area: 996 km?
* Population living in the basin area: ~210,000
 Characteristics: The Kikuchi River is one of the Class A rivers
that flow into the Ariake Sea.
The basin is about 50 percent forested.

Ariake Sea

i




Research Methodology: Hydrologic Model Application

» Since many factors, such as topography, land use
patterns, and geology, have a complex relationship
with the water cycle and river flows within a river basin,
it is necessary to determine the impact of each factor
on each point in the basin individually (i.e., small
scale/micro-level assessments).

Upper basin: Forests

» At the same time, it is necessary to analyze river
basin impacts as a whole by taking a comprehensive
and contiguous view, starting from the upper basin
and continuing to the lower basin (i.e., large basin
scale/macro-level assessments).

-

The Soil and Water Assessment Tool (SWAT) was
selected for the project’s analyses method, because it is a

The SWAT model was developed by the U.S.

hydrologic model capable of both micr_o-level ar?d macro- Department of Agriculture to analyze and
level assessments and able to determine quantitative forest assess the effects of agriculture and other
functions extending out to coastal areas. land uses on water, soil, and materials.

Advantages of the SWAT Model (JAHS SWAT WG™ Findings' -4)

Soil & Water SWAT
Assessment Tool

*1. JAHS SWAT WG: The SWAT working

Examples of SWAT model applications in Japan group operating under the Japanese [~ Canopy evaporation
1. Evaluation of the impact on coastal areas of urbanization- Association of Hydrological Sciences [ Tree transpiration
driven changes in nitrogen loading over the past 80 years "1 Soil evapotranspiration
v' The study first estimated long-term nitrogen loading 8 understory vegetation ET
changes in a river basin that occurred in tandem with )
urbanization and changes in agricultural land area and then egligl. Forest et 850 - rome ron
evaluated the impact of those changes on coastal areas. . 800 - —
2. Evaluation of the impact of forest growth on evapotranspiration ~~\4>,,-/@ \. SED-P (PIP) 5% // 750 - - -
and groundwater recharge N SOL-P (DIP) 4% Y = 0 =1 Nl
v' The study’s findings suggested that the age and X Jan filts, . ORG-P 69 E sso47 (2| | -
management state of a forest may have a significant f@/ el ofT:PLoss f s aooJ; S0 Rl B 2
impact on water balance, including evapotranspiration. Qaftan fitte, g B ssod= 5 :;; N
3. Estimation of water balance variations due to urbanization wat Z oo u ||
v The study estimated variations in water yields within a river SEDP(pIp) 5 . B 5o ] NS
basin caused by expanded urbanized areas and paved SOEP (WP)W iff M'NP 22tons/yr o ] —
road percentages due to urbanization. B PEQ"/ [ ORGP:8tonsiyr § 4204 || I Jig
4. Estimation of phosphorus transport in a suburban catchment /iée E%d,es ‘ % 30 1al 1% 712
v' The study found that, in a suburban catchment, suspended g 3007 |fz L
phosphorus and organic phosphorus transported from rice .;3; 250 1 2 é =2 3
paddies increase significantly, especially during heavy S 200 Sl
rainfall events. Y 150+ ||
Sources 1007 g 'é’ ,;_ @ g‘
1. Wang, K., Onodera, S. et al (2022) Environmental Research Letters 17 014010. https:/doi.org/10.1088/1748-9326/ac3ced 50 1] [
2. Wang, K., Onodera, S. et al (2022) Science of the Total Environment, 151159. https://doi.org/10.1016/j.scitotenv.2021.151159 o ===
3. Wang, K., Onodera, S. et al (2021) “Long-Term Variations in Water Balance by Increase in Percent Imperviousness of Urban Regions”, Journal ¢ g § é é = % é’ § § 3
Hydrology, 602, 126767. . . é 22399 § 2233
4. Wang, K., Onodera, S. et al (2021) International Journal of Environmental Research, 15, 759-772. %] %] 12




Procedure for SWAT Model Building and Analysis

Input data and parameter ) Model design & building < :
settings Influence of climate
. Y change or land use / land
(2) Parameter settings « cover changes on water
¥ yields
(3) Simulation «
. 1
- (|
! fata (4) Calibration ed  Model output
[T I ’_
Calibration data (5) Validation Land
¥ — » Water balance
Fow o1 (6) Feedback of new « Soil erosion
knowledge River
I + Stream flows
quality B WU NS ‘ « Sediment
- + Total P, N, etc.

Assessment of the Flood-Mitigation and Drought-Mitigation Functions of Forests

Analysis of water yield characteristics by land use on rainy days and
dry days

Water yields on days with medium Water yields on days
to heavy rainfall with no rainfall
80
_ e Forest < - ° o
§ 60 4 Farming I~ 0
E © Rice paddi g€ o4 0© °
£ paddies g g
£
g 40 5 oA — 8
2 o ; -
3 o > !
= 20 & g 4
o =
- = T=
>0 o -
o T T T
t;“ 0 50 100 150 Farming Forest Rice paddies
Precipitation (mm/day) Land use

Forests have lower water yields on rainy days and maintain higher water yield levels compared
to other land uses on dry days. This suggests that forests equalize water yields in river basins.
Inference: Forests may play a role in flood and drought mitigation.




Assessment of the Material-Runoff Equalization Functions of Forests

Analysis of sediment, phosphorus, and nitrogen 20
yield characteristics by land use é 15 |~ Farming . A
§= < Rice paddies o
Sediment, total P, and total N yields on %g 1.0 -
days with medium to heavy rainfall 58 -
0.2 2205 A
® Forest o~ A R
¢ 015 ~ Faming . S 00 debeeadulisiseoCre e oo © °
_g < Rice paddIeS o = 0 50 100 150
§ = 0.1 A Precipitation (mm/day)
28 © -
o o
2< 0.05 o o 15.0
£ 5 o ’ o ® Forest :
2 0 ek 9 ~ Farming -
§ 0 50 00 150 .(% R 100 I Rice paddies A
Precipitation (mm/day) %-@ - AT A
o8 5.0 ~
Similar to water yields, yields of sediment, phosphorus, -“;’,;3 ",
and nitrogen are smaller in forests on days with significant z 0.0 @ )
rainfall 2 )
= 150

Inference: Forests function to equalize runoff amounts

Precipitation (mm/day)

Assessment of the Runoff Impacts of Forest Growth

Younq forests Mature forests

ReSUItS Suggest that fOreSt grOWth 1970s (Base year: 1976) 2010s (Base year: 2016)

enhances flood-mitigation functions.
Forest

» Peak flows of water and sediment on ‘ growth
rainy days are reduced.

» Since land uses other than forests are
thought to have effects as well, verifications
with a greater focus on forested areas are
needed.
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—Simulated flow (1970s Landuse)
—Simulated flow (2010s Landuse)

- —Simulated (1970s) Weather data
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Summary

» Quantitative analyses of long-term fluctuations at the river basin level, from headwaters
to coastal areas, have become possible regarding water and material outflows from
forests. As a result, it is now possible to assess, with high accuracy,
water resource conservation and other functions of forests.

« SWAT is a water/nutrient runoff analysis tool for continental agricultural basins used
widely around the world. SWAT was applied to a forested basin in Japan, and the tool’s
effectiveness (including differences in forest ages) was confirmed. Through this project,
we were able to obtain parameters related to forests, for which we have little knowledge
so far. We plan to expand the applicable basins in the future.

« Itis necessary to evaluate the impact of forest maintenance on watersheds and coastal
areas worldwide. The model parameters of this project can be used in countries and
regions with a similar climate and geology to Japan. We believe these parameters will
make a great contribution in the future.




Evaluating Water Resource Conservation and Other Forest Functions: B2
Estimating Water, Soil, and Nutrient Runoffs with the SWAT Model Forestry Agency, Japan

1. Introduction to Forests in Japan 2. Project Objectives and Target Area
« After the WWII, The - - . .
government promoted WL:;'::"QES in the age composition of planted forests ‘ Objecuves ’
nationwide reforestation to 550 4y, o . L r S
protect national land and . [§ = + Evaluating fully the flood-mitigation Kyushu Vv 0
address lumber-supply | i fand ston-runoff prevention functions of ™
shortages. 150 | I orests. Ariake
102 50% of planted
100 forests are over =
» These reforestation efforts 50 years old . Sea
have bolstered Japan’s forest* | - * The supply of water, soil, and 4
p | W & & 080 T nutrients by forests as well as the
I'eISOtur((i:efS, antd Ealf of tured O 2 s 456 7 8 910111218 141516 17 18 1920+ prevention or reduction of large-
anted forests have mature Age class . -
?0[' more than 50 ears Sources: Current State of Forest Resources (as of March 31, 2017), Forestry Agency Sca-le ﬂOOdInq a_nd SOII runOffs
y . Japan's Forest Resources (April 1968), Forestry Agency during heavy rainfall events. X
« About 70% of the country’s land area Yatsushiro
(=Mountainous) is covered with forest, Promotion of river basin disaster » To assess the impact of forests on Sea
which contributes to the reduction of resilience and sustainability entire basins and coastal areas. R/ /
mountain slope collapses and flood Forsten g ot A
inundation. Corsiucionard

restoration of flood-
cont .

F 3 J:‘mxi“ Target Area | ..., .

ez B |1
. =" ||: - Basin name: Kikuchi River Basin

i « Length: 71 km

i » Basin area: 996 km?

i « Population living in the basin area:

« On the other hand, due to climate change | st
and other factors, flood damage has
become more frequent and more severe
across Japan in recent years.

* S T -
(P concionctdsn - o
» Consequently, all river basin stakeholders \‘“‘112';",{;.,%. ¥

~210,000 :
have joined together to promote efforts g ﬁﬁﬁmﬁ,ﬂ:mm{‘ ’ e i « Characteristics :one of the Class A : Kikuchi River Basin
toward river basin disaster resilience and "_"::.,"'":.: r o { Ejﬁ ‘,‘ rivers that flow into the Ariake Sea.
sustainability through integrated e = The basin is about 50 percent
|nfrastructure-3|de and SyStem-Slde Source: Ministry of Land, Infrastructure, Transport and Tourism website “""f.?res‘ted
measures.  Sours:Ministyof Land, Infrastnucture, Transport and Tourism website | - ee.....iisssiesssesssnsssnsssesssnnsssassaasssnsssannes
3. Research Methodology~Hydrologic Model Application (SWAT) ~
* The Soil and Water Assessment Tool (SWAT) was selected for ’ Procedure for SWAT Model Building and Analysis ‘

the project’s analyses method, because it is a hydrologic model
capable of both micro-level and macro-level assessments and
able to determine quantitative forest functions extending out to
coastal areas.

preparation construction analysis
Data for Input & | 1) Model design & building |‘_ « Influence of change
Parameter setting T in land use/land

cover, or climate
change on water

Upper basin: Forests

|2) Parameter settings
3

. . yield.
|3) Simulation t
]
[4) calibration =2 Model OUTPUT
¥
Calibration data [5) valigation [Land]

« Water balance

L2
6) Feedback of new « Soil erosion

LTI T T

s SRR knouledae (River]
. . . i h J + Streamflow
‘ Lower basin: Various land use patterns Quality . Sediment

» Total P, N etc.

4 Result and Discussions

Assessment of the Flood-Mitigation and Assessment of the Material-Runoff Assessment of the Runoff Impacts
Drought-Mitigation Functions of Forests Equalization Functions of Forests of Forest Growth
Water yield on the day of medium to Sediment, Total P and Total N on the day of 1970's (base year:1976) | 2010's (base year: 2016)
’ heavy rain ‘ medium to heavy rain Results suggest that
e Sadimant forest growth enhances o
80 g Forest 25" e flood-mitigation

2 g0 Farmland o functions.

2 © Puddyfield E< 005 600

€ 38 « Observed

£ 40 *= -——’-“-u = —Simulated flow (1970s Landuse)

o OPrecipi!a!ions?n each Iandhl)sue (mm/day}w ; w00 —Simulated flow (2010s Landuse)

2 20 o - o Total P || _ 10 o t 2016-2017

g wﬁ L oy ® 100 el g weather data

= 0 v g 10 2 3

0 50 100 150 2 os 2 50 <
Precipitation in each landuse (mm/day) i—:é 00 0..._.'...0550 % 00 Oﬁmﬁ}-.-su = - e s R — i
+ Forests have lower water yields on rainy days ¥ Precipitation in each landuse (mm/day) Precipitation in each landuse (mm/day)  * Peak flows of water and sediment on rainy
and maintain higher water yield levels + Similar to water yields, yields of sediment, days are reduced.
compared to other land uses on dry days. This phosphorus, and nitrogen are smaller in forests  * Since land uses other than forests are thought to
suggests that forests equalize water yields in on days with significant rainfall have effects as well, verifications with a greater
river basins. =Forests function to equalize runoff amounts focus on forested areas are needed.
5.Summary

» Quantitative analyses of long-term fluctuations at the river basin level, from headwaters to coastal areas, have become possible regarding
water and material outflows from forests. As a result, it is now possible to assess, with high accuracy,
water resource conservation and other functions of forests.

» SWAT is a water/nutrient runoff analysis tool for continental agricultural basins used widely around the world. SWAT was applied to a forested
basin in Japan, and the tool’s effectiveness (including differences in forest ages) was confirmed. Through this project, we were able to obtain
parameters related to forests, for which we have little knowledge so far. We plan to expand the applicable basins in the future.

* It is necessary to evaluate the impact of forest maintenance on watersheds and coastal areas worldwide. The model parameters of this
project can be used in countries and regions with a similar climate and geology to Japan. We believe these parameters will make a great
contribution in the future.




Evaluating Water Resource Conservation and Other Forest Functions: Al #K3
Estimating Water, Soil, and Nutrient Runoffs with the SWAT Model Forestry Agency, Japan

1. Introduction to Forests in Japan 2. Project Objectives and Target Area
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Evaluating Water Resource Conservation and Other Forest Functions:
Estimating Water, Soil, and Nutrient Runoffs with the SWAT Model

Forestry Agency, Japan

4. Result and Discussions

Assessment of the Flood-Mitigation and
Drought-Mitigation Functions of Forests

Assessment of the Material-Runoff
Equalization Functions of Forests

Assessment of the Runoff Impacts
of Forest Growth

Water yield on the day of medium to
heavy rain

80
® Forest

60 Farmland
@ Puddyfield

40

20 e
»

Water yield (mm/day)

0 50

100
Precipitation in each landuse (mm/day)
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» Forests have lower water yields on rainy days
and maintain higher water yield levels
compared to other land uses on dry days. This
suggests that forests equalize water yields in
river basins.

Sediment, Total P and Total N on the day of
medium to heavy rain
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+ Similar to water yields, yields of sediment,
phosphorus, and nitrogen are smaller in
forests on days with significant rainfall

=Forests function to equalize runoff amounts
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Results suggest
that forest growth
enhances flood-
mitigation functions.
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» Peak flows of water and sediment on rainy

days are reduced.

» Since land uses other than forests are thought to

have effects as well, verifications with a greater
focus on forested areas are needed.

5. Summary

* Quantitative analyses of long-term fluctuations at the river basin level, from headwaters to coastal areas, have become possible regarding water and material
outflows from forests. As a result, it is now possible to assess, with high accuracy,
water resource conservation and other functions of forests.

+  SWAT is a water/nutrient runoff analysis tool for continental agricultural basins used widely around the world. SWAT was applied to a forested basin in Japan,
and the tool’s effectiveness (including differences in forest ages) was confirmed. Through this project, we were able to obtain parameters related to forests,
for which we have little knowledge so far. We plan to expand the applicable basins in the future.

+ Itis necessary to evaluate the impact of forest maintenance on watersheds and coastal areas worldwide. The model parameters of this project can be used
in countries and regions with a similar climate and geology to Japan. We believe these parameters will make a great contribution in the future.
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