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Enhancing multiple functions of forests

Purpose of This Document

Forests provide multiple ecosystem services to society, including land conservation, water necessary
resource recharge, mitigating global warming, and the supply of forest products. Continuous
forest conservation and management are essential to ensure these services are provided in a

stablg manner. In the current era of fgrest managemer\t in Japan, it is ngcessary t(? promote Promoting forest management activities by
sustainable forest management activities that can be implemented by diverse entities, such as companies and other entities
companies, individual owners, NGOs, and public or governmental organizations. Against the backdrop of climate change,

In recent years, alongside the growing interest in the SDGs and mitigating global warming, the SDGs, CSR, etc.

number of companies participating in innovative forest management has increased. This trend is

driven by the TNFD (Taskforce on Nature-related Financial Disclosures), an international

framework encouraging companies to understand and disclose their impacts on and Global trends toward corporate disclosure
dependencies on the natural environment. Driven by TNFD , CDP, VWB, etc.

This document aims to further promote Water Positive initiatives related to water that can be
implemented by such companies and organizations. It establishes and presents a methodology
enabling companies to simply and quantitatively estimate the Volume of Water Resource

Recharge (VWRR) from their forest management activities. Growing need for external disclosure by

companies and other entities

Note: This method is intended for relatively small forest areas, generally up to about 100 ha, and is Need for quantifiable metrics

positioned as a practical tool for quantitatively assessing and visualizing the water resource recharge
function—one component of the water resource conservation function—at individual forest sites.
Owing to this design, it should be noted that the method is not suitable for macro-scale evaluations at

e weledhes 6 rEiierEl el Establishing a calculation method for

VWRR

Calculations accessible even to non-experts

VWRR: the Volume of Water Resource Recharge



Functions Provided by Forests

The multiple functions forests provide are classified into the following eight types in a report by the Science Council of Japan:
These are also referred to as "Green Infrastructure," providing various benefits to our lives through the performance of multiple functions, such as
land conservation, water recharge, mitigating global warming, conservation of biodiversity, and supply of wood and other forest products.
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Source: Science Council of Japan Recommendation: On the Evaluation of the Multifunctional Roles of Agriculture and
Forests Related to the Global Environment and Human Life, November 2001.



Water Resource Conservation of Forests: Three Functions

The water resource conservation of forests encompasses three primary roles: "Flood Mitigation,"

"Water Resource Recharge" and "Water Purification."

This document focuses in this function.

-

Flood Mitigation Function Water Resource Recharge Function

Primarily, rainwater infiltratesinto forest
soil, flows underground, and then emerges
as surface runoff. This process reduces the
peak flow rate of flood runoff, delays the
time until the peak occurs, and spreads the
storm runoff over a longer period.
Compared to areas without forests, this
delays the time it takes for rain falling on
mountain slopes to flow into rivers.
Furthermore, it also functions to
moderate the flood drawdown phase.

This function maintains relatively high
river flow even on days without rainfall. In
other words, it provides relatively stable
river flow due to the presence of forests.
Generally, rivers in Japan are fast-flowing
with small reservoir capacities, and most
floodwater tends to flow rapidly to the sea.
Forests delay flood runoff, reduce water that
cannot be used by forests or people,
increase usable water volume, and provide
beneficial functions for securing water
resources.

Water Purification Function

The function of improving water quality of
the rainwater that passes through forests
and/or maintains the quality of the water.

These functions are achieved through
filtration of sediments and pollutants in
forest soil layers, soil buffering, chemical
weathering of soil minerals, denitrification in
the saturation zone, surface erosion control
by litter and humus layers, and forest floor
vegetation.

Source: "Assessment of the Multiple Functions of Agriculture and Forests Related to the Global Environment and Human Life"

(Report), November 2001, Science Council of Japan
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Why Do We Need Forest Management?

In order to secure the multiple functions of forests, it is essential to maintain
"healthy forests" through sustainable forest management practices such as
thinning and reforestation after harvesting.

B Healthy Forest

* Enhances high carbon dioxide absorption capacity —i.e., carbon sequestration

* Equalizes the amount of water runoff into rivers

* Prevents soil erosion and shallow landslides

* Provides a stable supply of forest products such as timber and mushrooms

. Realize)s the circular use of forest resources (Plant -> Grow -> Harvest -> Use -
> Plant

To achieve "Healthy Forest", forest management practices such as thinning and
reforestation are essential.

®The Importance of Thinning
Thinning refers to the practice of selectively logging in dense forest to adjust
the number of trees and reduce overcrowding.

Without thinning,
* Trees remain overcrowded, hindering growth and leading to poor timber
quality.
* Light cannot reach the forest floor, preventing the growth of understory
vegetation.

Thinning allows
* Trees to grow healthily, enhancing timber value.
* Light reaches the forest floor, allowing understory vegetation to develop and
enhance multiple functions of the forest.

Sustainable and circular use of forest resources

2 2

The Importance of Thinning
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Promotion of
tree growth

Proliferation
of understory
vegetation

Poorly tin pIante

forest (illustrative image)

® Public buildings

M Enhancing forest resilience
to wind, snow, and pests

M Securing and enhancing
forest carbon sequestration

M Prevention of topsail
erosion

M Conservation of biodiversity

Pro;erly.!rﬁgned planted
forest (illustrative image)




Expansion of Corporate Forest Management Activities and

the Trend Toward Sustainability Disclosure

Expansion of Corporate Forest Management
Nationwide

® More companies are engaging in forest
management as part of CSR and natural
capital initiatives.

® The number of project sites is increasing,

with more than 1,900 locations nationwide.

® Collaboration with customers, local
communities, and NPOs helps build trust
with regional society.

Fig. 1-23 Number of forest activities by
Japanese companies

Number of
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2,000 1,963
| Private Forests 1,765
1,800 ’ 1,659
1,600+ National Forests
1,400/ 1372
1,200 Ny Bl IR
1,000+ 803 .
800
576
600 ng1 g
40094
& 560 635 647 606
200 Agg
OI | 1 Il Il Il | | |
Hi6 17 22 27 R2 5 (Fy)
(2004)(05) (10) (15) (20) (23)

For Private Forests, the figures represent the number of sites
established for forest-creation activities by companies and
other entities.

For National Forests, the figures include the number of
"Corporate Management Forest" contracts and the number
of sites under agreements with companies through the
"Forests for Contribution to Society" system.

Source: Annual Report on Forest and Forestry in Japan,
Fiscal Year 2024, Forestry Agency

International Trends in Sustainability Disclosure

® The spread of SDGs and ESG investment is
increasing expectations for companies to act
with sustainability in mind.

® TNFD Recommendations (September 2023)

e Companies should quantitatively assess
their dependencies and impacts on natural
capital.

e They should evaluate and disclose impacts,
risks, and opportunities related to
ecosystem services.

e They should review business activities
across the entire value chain, including the
supply chain.

New Corporate Responsibilities for Water Resources

® Water Positive: Return more water to the
watershed than the company consumes.

® Water Stewardship: Collaborate at the
watershed scale.

® Forest management activities are shifting
from CSR to corporate strategy and value
creation.

Future Outlook

® Sustainability disclosure is expandi
greenhouse gases to biodiversity, natural
capital, and water resources.

® Greater international standardization and
effective corporate action are expected.

® The role of companies in achieving a
sustainable society is becoming increasingly
important.




Concept of VWRR

The VWRR is the volume of water that contributes to groundwater recharge and baseflow

within a forested watershed.

® The VWRR is the amount of water that is temporarily
stored in forest soils and subsequently contributes to
baseflow over time. As shown in the equation on the

right, it is calculated as precipitation minus direct runoff ~ Baseflow = VWRR
and evapotranspiration.

Precipitation Evapotranspiration

= Precipitation - (Surface Runoff + Evapotranspiration )
® The VWRR represents groundwater stored within the

subsurface that later flows into rivers as baseflow and

ultimately becomes water available for human use as a
resource.

® To maintain the VWRR in a stable manner, it is important
to manage and conserve forests at appropriate stand
densities. Accordingly, when presenting the VWRR in
disclosures such as TNFD reports, it is necessary to

provide qualitative explanations of forest management
activities.




Direct Runoff: Curve Number Method

The Curve Number method is used to estimate direct runoff.

The Curve Number method is a runoff analysis method developed by the U.S. Department of Agriculture.
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Quoted from Kazumasa Mizumura (1998), Hydrology of the Water Cycle (in Japanese)

Q: Cumulative outflow [mm] during the runoff event

P: Cumulative precipitation [mm] during the runoff event
S: Maximum Storage Capacity [mm] (S>0and S>P — Q)
CN': Curve Number value

CN value set by the U.S. Department of Agriculture

Vegetation Forest Floor Curve Number CN
Cover A B C
Bare Ground 77 36 91 94
Part 45 66 77 33
Forest Generally 36 60 73 79
Overall 30 55 70 77

A through D are hydrologic soil groups unique to the United States

8-

No Curve Number values for Japan yet
— It is necessary to investigate and set the values for Japan



Direct Runoff: Development of Japan-Specific Curve Number Values

To utilize the Curve Number method in Japan, Curve Number values specific to Japan must be established.

Collection of 165 years of data observed across 19 domestic forest watersheds

Data on daily precipitation and daily runoff for a total of 165 years were collected from 15 watersheds at Forestry and Forest Products Research

Institute's Hydrology Experiment Stations and 4 additional watersheds where data were publicly available in the literature.
These data are used to understand the relationship between rainfall and runoff in forested areas and to determine Curve Number values specific

to forests in Japan.

Forestry and Forest Products Research Institute,

Water Management Experimental Site Data from 15 Watersheds

Quartz Porphyry
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rock, Outcrop
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. Weather
Sarukawa limestone,
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. . Weather Downstream
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Forestry and Forest Products Research
Institute Long-Term Hydrology
Experiment Site

Hitachi Ohta Experimental Site
Meteorological Observation Station

Considering that all collected
watershed areas are less than
100 ha and based on the concept
of representative watershed area
(Gomi et al.,, 2002), the upper
limit of the target area is set to
100 ha.

For watersheds larger than 100
ha, it is assumed that they will be
subdivided into multiple smaller
areas, each evaluated individually
as being 100 ha or less.



Direct Runoff: Development of Japan-Specific Curve Number Values
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® CN values tend to decrease for most lithologies as
precipitation increases.

® Granitic rocks (@) show the least variation in CN with
increases in precipitation.

® The following CN average values were obtained for each
geologic type:

Tertiary = 82 (max)

Granitic rocks = 81

Quaternary = 75 (min)
Mesozoic+Paleozoic = 77

® Since the CN values depend on the amount of event
precipitation, they are determined using the following
logarithmic equation based on precipitation.

Regression Equation Using Logarithmic Formula

CN = —19.70 log,,P + 110.24
CN = —15.42 log,,P + 107.15
CN = —27.84log,,P + 120.27
CN = —24.27 log,,P + 120.71

Mesozoic+Paleozoic
Tertiary

Quaternary
Granitic rocks

® Terrain with Tertiary geology has the largest CN values
(indicating high direct runoff), while the Quaternary
terrain tends to have the smallest CN values.



Evapotranspiration Model Development Policy

® Based on existing knowledge in forest hydrology, an evapotranspiration model was constructed.

® The evapotranspiration model consists of two components, the Interception Model and the Transpiration Model.

® Two model types are provided: [Standard] and [Trial].
Users prepare forest site information and perform calculations in [Standard] mode.
The [Trial] mode is an optional mode adjusted to calculate_the minimum VWRR for a specified area.

® Features of the [Standard] Mode
* Calculates evapotranspiration on a monthly basis.
* Requires users to prepare monthly precipitation and monthly average temperature as meteorological data.
- Forest site information is required. Users prepare input values for coniferous/broadleaf classification, evergreen/deciduous classification,
stand density, diameter at breast height, and tree height (for broadleaf trees only).
If management operations such as thinning have been conducted, tree information corresponding to the operation is used.
* Focuses on transpiration from upper canopies of trees and intercepted evaporation. Transpiration from understory vegetation and

forest floor evaporation are not included in the model.

® Features of the [Trial] Mode Intercepted evaporation

* Calculations are performed on an annual basis.

* Specifying regions such as Tohoku or Kanto yields annual evapotranspiration values.

* Users do not need to prepare meteorological data (precipitation, temperature).

* Users do not need to prepare forest site information.

* Prepared for preliminary estimation at the stage before forest management
activities begin, when stand information and related data are not yet available.

* The system pre-loads meteorological data and forest land information by the
region and uses these to estimate evapotranspiration.

* To prevent VWRR from becoming excessively large, the model is adjusted to provide
the maximum evapotranspiration amount expected for that region.

Transpiration from upper canopies

Included in
the model

Not included
in the model

11



Evapotranspiration Model [Standard]

® The evapotranspiration model consists of two components (Interception and Transpiration) and two modes:
[Standard] and [Trial]. *DBH: Diameter at Breast Height

® The user prepares monthly temperature and precipitation data, along with stand information (tree species, DBH*,
density, tree height) as inputs.

® The output information includes monthly calculations of  [nicrcenicd Svzporition and | Evapoi=nsiEion .
® The overall model assembly was based on Komatsu, 2020.

Komatsu, H. (2020) : Modeling evapotranspiration changes with managing Japanese cedar and
cypress plantations, Forest Ecology and Management, Vol.475, No.1, 118395.

Input , FoTRTY e TW@@I nterception model
Information SpHcies) Rersty/TEclheicht
Weather Data |nterception ﬁ”” OUtPUt
- Rain/Snow Ratio Rate : Information
Monthly precipitation
‘ Menthly Interception Monthly
Monthly Average  mmm Leaf-on/Leaf-off =2 Evaporation Evepetranspiraiion
Temperature — Determination g A
= Altitude-corrected
Forest Site Data Response to @@mﬁwﬁr@mpuw@tu<@m model |
Meteorological Factors | N
Tree Species/DBH - - T IVienthly
. . ererence Value for Single- T nseiretien
Density/Tree Height ) Tree Evapotranspiration Bl

7
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https://doi.org/10.1016/j.foreco.2020.118395

Evapotranspiration Model [Trial]

® |n the [Trial] mode, annual evapotranspiration is calculated very
simply by specifying only the region where the forest is located
(e.g., Tohoku, Kanto), using preset forest and temperature data
for that region.

® This mode is intended for situations where stand information is
not available, such as before forest management activities begin.

® Japan is divided into 11 regions: Hokkaido, Tohoku, Kanto-Koshin,
Tokai, Hokuriku, Kinki, Chugoku, Shikoku, Northern Kyushu,
Southern Kyushu/Amami, and Okinawa

Kanto-

Northern

Southern

® |n the [Trial] mode, calculations are adjusted to yield
conservative values. Specifically, the outputs represent the
largest possible evapotranspiration amount expected for the
selected region. Consequently, VWRR will be correspondingly
smaller.

Hokkaido | Tohoku Koshin Tokai Hokuriku Kinki Chugoku | Shikoku Kyushu Kyushu Okinawa
Hokkaido | Aomori Tokyo Shizuoka Niigata Kyoto Tottori Kagawa | Yamaguchi| Miyazaki
Akita Tochigi Gifu Toyama Osaka Shimane Ehime Fukuoka | Kagoshima
lwate Gunma Mie Ishikawa Hyogo Okayama | Tokushima Oita
Yamagata | Saitama Aichi Fukui Nara Hiroshima Kochi Saga
Miyagi Ibaraki Shiga Kumamoto
Fukushima Chiba Wakayama Nagasaki
Kanagawa
Nagano
Yamanashi
> Calculate Evapotranspiration
(4
Q-/C_')
Select calc. type - () Standard (Monthly) (@ Trial (Annual) (”) Do not calc ET @

N\

Simplified (Annual)

(D In the Excel Calculation Tool's interface:

ltem

Select [Trial (Annual)].

2-1. Location of the target forest

) Input Items (Pink Cells)
2-1. Location of the target forest
Select the region. All other input cells are grayed out.

cm
m
ha

@

tree/ha

@
@
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| N
The Excel Calculation Tool and this guidance

Overview of Excel Calculation Tool =iz

https://www.rinya.maff.go.jp/j/suigen/suigen/260311.html

® A macro-enabled Excel Tool was developed to calculate the VWRR.
® When the required data are entered, the VWRR is automatically calculated.

® For the calculation of direct runoff, precipitation data and the geological category are required as inputs.
® There are two modes: [Standard] and [Trial].

® In the [Standard] mode, meteorological data and stand information (e.g., tree density and DBH) are provided as inputs.
The [Trial] mode does not require stand information; preset values prepared in the system are used instead. It is
calibrated to yield the most conservative VWRR expected for the specified region and is intended for use when stand
information is not available, such as before forest management activities begin.

| v : "
Reflecting forest conditions
Forest R fed! Weather Forest land the VWRR can be obtained
ecommended! . : :
w %ﬁWm information

Monthly precipitation, Forest Type, Tree Density the Volume of

Diameter at Breast Height, Water Resource Recharge
[Standard] Mode Monthly temperature Tree Height S -

a|qe|ieny

Forest Information
Available/Not available Weather

Preliminary! Mnformation .

Annual

Achieves the most conservative VWRR
Instead of forest land expected for that region

Specify region (select one below)
Hokkaido, Tohoku, Kanto-Koshin, Tokai,

the Volume of
Water Resource Recharge

9UON

[Trial] Mode

recipitation Hokuriku, Kinki, Chugoku, Shikoku, ) >
P P Northern Kyushu, Southern Kyushu/Amami, Okinawa Direct runoff, evapotranspiration



https://www.rinya.maff.go.jp/j/suigen/suigen/260311.html
https://www.rinya.maff.go.jp/j/suigen/suigen/260311.html

Excel Calcu

lation Example [Standard] Mode
> >

Select calc. type

Calculate Evapotranspiration | Calculate Evapotranspiraton in Standard Mode (Monthly»

@® Standard (Monthly) ) Trial (Annual) ) Do not calc ET

Start Year and Month

8 ’ H 2006‘Year 4‘l\/lonth ‘
User input cells Detailed Mode (Monthly ®
o Fe - Weather Data
. -2. Forest Type ous Coniferous
Automatically calculated cells Forest Site 133 Trae Do Input
orest Site -3. Tree Density 783|tree/ha Ave. Temp | Precipitation | Leaf-on:1
Information |2-4. Ave. Diameter Breast Height| 32|/cm Year|Month ) (mm/month) | Leaf-off:0 @
2-5. Ave. Tree Height 18/m 2006 4 8.7 91.6 1.0
. 2-6. Foreste Land Area 0.84|h
Calculate Direct Runoff e 2006 5 146 194 L0
2006 6 18.2 208.2 1.0
Annual Precipitation, Geologic Type Elevation Correction for Temp. & Rain/Snow Separation 2006 7 213 333.1 1.0 The leaf-on/leaf-off cell is configurable for manual
: 2-7. Apply Rain/Snow Fall Separation ? Ves 2006 8 23.3 98.8 1.0 however, when the value of any input cell is chang
tem Input - 2006 9 19.7 211 1.0 determination is automatically recalculated and tk
— 2-8. Apply Elev. Correction for Temp 7 Yes @
1-1. Annual Precipitation, P 1814|mm/y ) 2006| 10 15.5 230.4 1.0
- - Elevation  |2-9. Elev. of the Temp. Obs. Station 325|m xa 6 FTE =
1% Geslazic e Paleozoic 2-10. Elevation of Forest Site 380|m - : :
- - 2006 12 5.7 160.8 1.0
< [1-3. Apply Elevation Correction for P? Yes
2 - - V Results ¥ 2007| 1 0.7 51.1 1.0
g 1-4. Elevation of the P Obs. Station 325|m 2-11. Annual Evapotranspiration 726lmm/y. 2007 2 2.7 76 1.0
W |1-5. Elevation of Forest Site 380|m Faiesiie) et 2-12. VWRR 837|mm/y 2007 3 5.1 73 1.0
Bare Land 2-13. VWRR 186[mm/y
1-6. Annual P after Elev. Correction 1861|mm/y 2-14. Difference : Forest—Bare 651{mm/y . ¥ Monthly Result ¥ —
— Meteorological Data Snowmelt | Direct Runoff*1 | Evapotranspiration(mm/month) VWRR
1-7. Annual Precipitation by Event 1066/mm/y Year|lonth|Ave. Temp.(:C)|Precip.(mm/month) [snowfallmm/montn)] (mm/month) | (mm/month) T+IE T IE (mm/month)
2-15. Forested Land Area | 0.84|ha 2006] 4 83 94.0 0.0 0.0 151 451 298 154 338
V Results ¥ 2006 5 14.2 199.0 0.0 0.0 31.9 70.2 37.7 325 96.9
S ot L e Do Rur__ 258 BN FETETICTATITAT —_— R m o wl il m ed
1-9. Bare Land : Annual Direct Runoff 931|mm/! orestd Lan : : - : : : : : :
: y 2-17. VWRR 7,028m°/y 2006 8 22.9 1014 0.0 0.0 16.2 645 479 166 206
1-10. Difference : Bare — Forest 632|mm/y Bare Land 2-18. VWRR 1,563|m*/y 2006 9 19.3 2165 0.0 0.0 34.7 776 423 354 104.1
! : _ 2006 10 151 236.4 0.0 0.0 379 774 3838 386 121.1
1-11. Forested Land Area 0.84‘ha 2-19. Difference : Forest— Bare 5,465(m?*/y
2006 11 102 88.5 0.0 0.0 14.2 46.4 319 145 27.9
® 2006 12 53 165.0 0.0 0.0 26.4 54.2 272 27.0 84.3
-12. Forested Land : Annual Direct Runoff ~ 2,505|m%/y ¥ Results Total (Annual mm/y) ¥ 2007 1 03 175 349 349 84 35.7 214 143 83
Precipitation | Direct Runoff |Evapot irati VWRR
1-13. Bare Land : Annual Direct Runoff 7.817|m'/y p vapotranspiration 2007] 2 23 484 29.6 29.6 125 39.0 214 17.6 26.4
v 1861 298 726 837 2007 3 47 72.1 2.8 28 12.0 39.2 265 12.7 23.7
- i o = 3 ear
1-14. Difference : Bare — Forest 5,312|m°/y 100% 16% 39% 5% I

*Here, bare land refers to barren rocky terrain where forest soil has been lost.

*Per capita domestic water consumption in households for fiscal year 2019 was approximately 100 m? per year.

(Source: Water Resource Utilization Status, 2022 Edition, Ministry of Land, Infrastructure, Transport and Tourism, Water

Management and Land Conservation Bureau, Water Resources Department)
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Evapotranspiration and the VWRR Calculated Using Excel

Data from the Hitachi Ota Experimental Site of the
Forestry and Forest Products Research Institute
(FFPRI) were used.

® Evapotranspiration was calculated using the Evapotranspiration
Model [Standard].

® The VWRR was calculated by subtracting direct runoff (CN
method) and evapotranspiration [Standard] from the annual

precipitation.

® Compare the ratio of evapotranspiration to precipitation.
Observed data: 53—66% (left diagram)
Excel Calculation Tool: 40-48% (right diagram)

Tool values are 9-19% lower than the observed data in the
annual comparison.

® Compare the VWRR with observed baseflow data.

Observed data (baseflow): 20-32% (left diagram)
Excel Calculation Tool (VWRR): 39-44% (right diagram)

Tool values are 10—-19% higher than observed data in the annual
comparison.

r//

The VWRR calculated by the tool is overestimated by 10-19%,

in comparison with observed baseflow, but it is considered
acceptable.

Based on comparisons with observed values, this method may
overestimate the VWRR by approximately 10-20%, which
should be noted when using it.

Please refer to Slide 19, Note 8, for details.

Water Balance (Observed Data)

*Direct runoff is calculated using the CN method, not observed
® Direct runoff (CN method) mEvapo-  mVWRR

transplratlon
(observed

2006 2007 2008 2009 2010 2011 2012

Water Balance (Calc. by Excel)
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Points to Note Regarding VWRR (1)

1. Basic Use of the VWRR and Assumed Forest Stand Conditions

The VWRR calculated by this method is defined as "the amount of groundwater recharged within a catchment that can contribute to basefl
representing the recharge function provided by the presence of forest cover.

This method is intended for mature forests with closed canopies. This is because the Curve Number (CN) used to calculate direct runoff is
established based on observational data obtained from hydrological experimental watersheds, including those of the Forestry and Forest Products
Research Institute, and is calibrated according to the runoff characteristics of mature forest stands.

2. Applicable Scope and Recommended Application Area

This method is intended for forests within Japan. Because the parameters and related settings are established based on data obtained in Japan,
forests outside Japan are not included within the scope of application.

In addition, the observational data used to establish the Curve Number (CN) parameters were obtained from experimental sites with upstream
catchment areas of less than 100 ha. Accordingly, the applicable area is limited to a maximum of 100 ha. Where the forest area exceeds 100 ha, it is
necessary to divide the area into multiple smaller units and conduct separate evaluations for each unit of 100 ha or less.

No minimum application area is specified.

3. Effects of Forest Management Activities, Including Thinning, Are Outside the Scope of Evaluation

In this method, mature forest stands are assumed to be under appropriate forest management, including thinning and related silvicultural
practices, and the runoff characteristics represented in the model reflect the cumulative influence of such management. However, the VWRR
estimated by this method has been developed with simplicity as the highest priority and is not intended to provide a detailed evaluation of the
effects of individual forest management activities.

Specifically, while changes in evapotranspiration of overstory trees resulting from thinning or similar operations can be reflected in the
calculations, the method does not account for more complex hydrological processes. These include changes in the proportion of direct runoff
during rainfall events caused by altered soil moisture conditions following thinning, changes in forest floor evaporation, and improvements in soil
infiltration capacity associated with the development of understory vegetation.
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Points to Note Regarding VWRR (2)

4. Information Disclosure in Combination with Qualitative Descriptions of Forest Management Activities

This method is intended to provide a simplified understanding of the VWRR under the current condition of the target forest land and is
not designed to rigorously evaluate the effects of forest management activities. The method is intended to be used in combination with
information describing forest management activities and forest conditions.

Accordingly, when communicating information externally regarding forest management activities, it is expected to present the
guantitative evaluation of the VWRR obtained through this method together with qualitative information, such as the content of forest
management activities, management practices, and the forest establishment and development history.

5. Variability Due to Precipitation

The VWRR varies depending on the amount of precipitation. In particular, recharge volumes tend to decrease in years with low rainfall.
In addition to precipitation, interception evaporation and transpiration by vegetation may change depending on forest conditions (e.g.,
species composition, stand age, and tree density), as well as regional factors such as air temperature, snowfall, and differences between
leaf-on and leaf-off periods. Accordingly, the VWRR also varies.

While such variability is hydrologically reasonable, it may not always be desirable when the results are used for external
communication or disclosure. In such cases, appropriate measures may be necessary, such as using long-term average precipitation as an
input value or providing explanatory notes or disclaimers.

6. The flood mitigation function of forests is not evaluated in this tool

Flood mitigation, a key function of forests involving peak flow reduction and delay time, is not evaluated in this tool.
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Points to Note Regarding VWRR (3)

7. Regarding Evapotranspiration

In Japan, measured evapotranspiration data (transpiration and interception evaporation) are particularly scarce for broadleaf
forests. The proposed interception evaporation model utilizes overseas data and the transpiration model, originally developed for
Hinoki (Japanese cypress) forests, has been extended to all tree species. It will be desirable to conduct accuracy verification and
revisions as domestic evapotranspiration data for broadleaf trees accumulates in the future.

Furthermore, while this method assesses transpiration based on sap flow measurements, it has been noted that sap flow
measurements tend to underestimate actual transpiration. Comparison with evapotranspiration values obtained by other methods
is therefore desirable. Currently, this method does not take forest floor evaporation into account; however, if it were considered,
evapotranspiration would increase further, resulting in a reduction in VWRR. In the future, updating the method to improve accuracy
could potentially reduce VWRR even under the same conditions.

8. Potential for Overestimation of Recharge

Comparison with observed values indicates that VWRR may be overestimated by approximately 10-20%. This error may be
influenced by the underestimation of evapotranspiration mentioned in point 7. However, considering this tool prioritizes simplicity
and its purpose is to assess the environmental significance of corporate activities, this error is considered to be within an acceptable
range. Nevertheless, when utilizing the evaluation results, it is advisable to include supplementary explanations acknowledging this
potential bias or tendency.

When citing this methodology, particularly in TNFD reports, it is crucial from the perspectives of transparency and integrity to
explicitly state that the values are reference figures indicating the environmental significance of the activity, that there is a potential
for overestimation, and to clearly outline the methodological assumptions and limitations.
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