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Purpose of This Document

4

Forests provide multiple ecosystem services to society, including land conservation, water 
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 
stable manner. In the current era of forest management in Japan, it is necessary to promote 
sustainable forest management activities that can be implemented by diverse entities, such as 
companies, individual owners, NGOs, and public or governmental organizations.

In recent years, alongside the growing interest in theSDGs* and mitigating global warming, 
the number of companies participating in innovative forest management has increased. This 
trend is driven by theTNFD* (Taskforce on Nature-related Financial Disclosures), an international 
framework encouraging companies to understand and disclose their impacts on and 
dependencies on the natural environment.

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.

Note: This method is intended for relatively small forest areas, generally up to about 100 ha, and is 
positioned as a practical tool for quantitatively assessing and visualizing the water resource recharge 
functionτone component of the water resource conservation functionτat individual forest sites. 
Owing to this design, it should be noted that the method is not suitable for macro-scale evaluations at 
the watershed or national level.

Enhancing multiple functions of forests*
ᵼ Continuous forest management is 

necessary

Promoting forest management activities by 
companies and other entities

Against the backdrop of climate change, 
SDGs*, CSR*, etc.

Global trends toward corporate disclosure
Driven by TNFD* , CDP, VWB*, etc.

Growing need for external disclosure by 
companies and other entities
Need for quantifiable metrics

Establishing a calculation method for 

VWRR*  
Calculations accessible even to non-experts

* See glossary at end for explanations

⌐ ╢VWRR: the Volume of Water Resource Recharge
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Corporate Forest Management Activities Are on the Rise

Corporate forest management activities are expanding 
nationwide as part of CSR* and natural capital conservation.

5

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

Ţhe number of companies involved in forest management and 
creation is steadily increasing as part of CSR* activities and natural 
capital conservation efforts.

Ţhe number of locations where forest management activities are 
implemented has been increasing since fiscal year 2004, surging 
particularly between 2022 and 2023, expanding to more than1,900 
locations nationwide.

Ţhrough collaboration with customers, local residents, and NPOs, 
trust-based relationships with local communities are being built. 
There are also increasing cases where company-owned forests are 
utilized as venues for educational, research, and learning.

B̧y supporting regional forest management through diverse 
activities such as planting, weeding, and thinning, activities in both 
Private and National Forests are expanding and developing into a 
nationwide initiative.

F̧or public forest management agencies to realize and communicate 
the sustainable and multiple functions of forests* , it is necessary 
for them to further encourage forest management and 
management activities within diverse entities, including companies.

Introduction *See glossary at the end
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Number of forest activities 
by Japanese companies

Number of 
sites

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.

Private Forests
National Forests

Fig. I-23
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Global Trends in Corporate Disclosure
In recent years, efforts to achieve the SDGs have expanded globally, and companies are increasingly expected to act in a sustainable manner. 

ESG (environmental, social, and governance) investing has gained prominence as an evaluation metric for corporate activities, with investors 
and consumers increasingly prioritizing a company's level of environmental commitment and social contribution. Furthermore, TNFD Disclosure 
Recommendations were published in September 2023 as an international framework encouraging companies to understand their impact on 
and dependence on the natural environment and disclose this as financial information.

¸TNFD Recommendations (September 2023)*
 Companies should quantitatively assess their dependence on and impacts to natural capital in their business activities
 Assess impacts, risks, and opportunities related to ecosystem services and disclose this information
 Promote a review of all business activities, including supply chains
 It is important to disclose this information as a basis for investor decision-making

¸ New Corporate Responsibilities Regarding Water Resources
 Water Positive*  : Return as much or more water to the region than is used, while prioritizing quality improvement
 Water Stewardship*: Collaborate with stakeholders not only within the company but across the entire watershed
 Shifting from traditional CSR* activities to initiatives that enhance business strategy and value

¸ Establishment of International Common Rules
 The World Resources Institute (WRI) has established the VWB* / VWBA*
 A framework has been established to calculate the effectiveness of water resource recharge

 in an internationally comparable manner
 Increasing adoption and implementation by companies, led by global companies

¸ Future Outlook
 Information disclosure is expanding beyond greenhouse gases (GHGs) to include biodiversity, natural capital, and water resources
 International standardization and effective corporate action are increasingly required
 The role of companies in realizing a sustainable society is becoming increasingly important

6Introduction *See glossary at the end for explanations.
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Introduction

The Need to Develop Methods for Evaluating Water Resource 
Recharge Functions

Background 1: Continuous forest conservation and management is essential to ensure forests consistently perform their functions
  Promoting forest management activities by diverse entities, including companies, is necessary, not just public entities like national

and local governments.

Background 2: Increasing Number of Companies Engaged in Forest Management
  More companies are viewing forest development not just as a CSR activity but as an initiative related to natural capital.
  Diverse initiatives are growing, such as collaboration with local residents and NPOs, and regional contributions utilizing corporate-owned forests.

Background 3: Rising Global Interest in Water Security, IncludingSDGs and TNFD
  Development and implementation of the VWBA (Valuation of Water Benefits through Afforestation) 

to quantify whether water resource recharge effects have commenced.
  Domestic companies are actively quantifying the water resource conservation functions of forests
    and actively disclosing these quantities.

ÅAgainst this backdrop, forest management activities by diverse stakeholders,
including companies in addition to public entities, will be further promoted
to sustain forest functions.

ÅThere is an increasing need for methods to quantitatively demonstrate
improvements in water resource recharge functions resulting from forest
management initiatives.

ÅBased on hydrological knowledge and research findings, a simple quantitative
method for evaluating water resource recharge functions will be presented to
promote forest management by companies and other stakeholders.

Motivations for Forest Management Activities
V  Social contribution is the most common
V  Regional exchange, reduction of environmental 

impact, expansion of business scope

Source: Annual Report on Forest and Forestry in Japan,
Fiscal Year 2019, Forestry Agency.

Tab S-21

Social Contribution

Community Engagement

Timber Sales

Other

Reduction of 
Environmental Impact 

Appeal to Consumers 
and Investors

Recruitment, HR 
Development and Welfare

Stable Procurement of 
Raw Materials

New Customer 
Development

Social Contribution

Community Engagement

Sales Growth

Other

Reduction of 
Environmental Impact 

Recruitment, HR 
Development and Welfare

Stable Procurement of 
Raw Materials

New Customer 
Development

Expansion of 
Business Areas

Achieved Outcomes

Expansion of 
Business Areas

n=247 companies, 
multiple responses allowed

Main Objective

Main Objectives and Outcomes of the Forest Management 
Activities

⌐ ╢
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A Simplified Evaluation Method Is Required

Simplified Evaluation 
Method for Water 

Resource 
Conservation Effects

ωNo specialized 
knowledge is required. 

The method can be 
used even by non-

experts.

Utilization of 
Evaluation Results

ωCompanies and local 
governments share the 

effects of forest 
management activities 

externally.

Expanding Forest 
Management and 

Activities

ωPromoting activities 
by diverse 

stakeholders
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Current hydrological methods for 

evaluating recharge volumes primarily rely 
on complex distributed models* , which 
require extensive spatially distributed data 
acquisition at each specific location.

There is a high demand for evaluation 

methods that are simple, do not sacrifice 
accuracy, and can yield results even for non-
specialists.
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 Quoted from Geosphere Environmental Technology Co., Ltd. website (GETFLOWS)
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Overland Flow along Valleys
and Slopes

3D Grid

Groundwater Discharge to 
the Surface

Groundwater Infiltrating 
into the Subsurface

*See glossary at the end

https://www.getc.co.jp/ja/getflows/feature/
https://www.getc.co.jp/ja/getflows/feature/
https://www.getc.co.jp/ja/getflows/feature/
https://www.getc.co.jp/ja/getflows/feature/
https://www.getc.co.jp/ja/getflows/feature/
https://www.getc.co.jp/ja/getflows/feature/
https://www.getc.co.jp/ja/getflows/feature/


1. Benefits of Forests and
Forest Management Activities

9
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1.1 Conserving Forests

10

ÅWhy are forests important, and why should we conserve them?

ÅOne of the multiple functions forests provide is water conservation, which has three 
key roles. Flood Mitigation, Water Resource Recharge, and Water Purification.

ÅThe presence of forest soil is essential for these roles to be effective.

ÅConserving forest soil is crucial to maintain healthy forests.

ÅSoil pores of various sizes enable the seemingly contradictory functions of water 
retention and permeability to coexist.

⌐ ╢



Current Status of Forests in Japan
Forest area in Japan has remained largely stable at25.02 million hectares as of the end of March 2022. Forests cover 

approximately two-thirds of the countrys land area. About 40% of these forests are planted forests, many of which were 
established as part of the postwar forest area is reforestation/planting/replanting and weeding efforts or during the period of 
rapid economic growth. Approximately 60% of these forests are more than 50 years old and have entered or exceeded their 
prime utilization phase (FigureI-1).

Growing stock has increased annually, primarily in planted forests. According to the Forest Resources Survey, the total 
growing stock at the end of March 2022 was approximately 5.6 billion m³, with planted forests accounting for about 3.5 billion 
m³ or roughly 60%. By ownership type, 57% of private forests, 12% is publicly owned, and 31% is national (Figure I-2). Private 
forests account for 64% of the total planted forest area and 72% of the total planted forest volume.

11

Figure I-1 Changes in the Age-Class Structure of Planted Forests
¦ƴƛǘΥ млщ Ƙŀ

Fiscal Year 1966
March 2022

Age-
Class

Note: An "Age-Class" refers to a five-year grouping of stand age; the planting year is counted as age one, and 
ages one through five constitute the first Age-Class.                                       Source: Forestry Agency of Japan

Planted Forests 
Over 50 Years of 
Age

Figure I-2 Breakdown of Planted 
Forest Area

Total: 2,502 x104 ha

¦ƴƛǘΥ млщ Ƙŀ

Private Forests
1,436 (57%)

National Forests
766 (31%)

Public Forests
301 (12%)

Private
and Public 

Forests
1737 (69%)

Source: Forestry Agency of Japan, FY 2024
Figures as of March 31, 2022
Totals may not match due to rounding ⌐ ╢

1.1 Conserving Forests



Functions Provided by Forests
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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.

Landslide Prevention/Soil Conservation
ÅPrevention of Surface Erosion
ÅPrevention of Shallow Landslides

Water Resource Conservation
ÅFlood Mitigation
ÅWater Resource Recharge
ÅWater Purification

Health preservationand Recreation
ÅRest and Recuperation
ÅLeisure, Sports, and Therapeutic Activities

Global Environmental Conservation
ÅCarbon Dioxide Removals
ÅAn Alternative Energy to Fossil Fuels

Material Production
ÅTimber (Construction Materials,

Fuelwood, etc.)
ÅFood (Mushrooms, Edible WildPlants, etc.)

Biodiversity Conservation
ÅGenetic Conservation
ÅSpecies Conservation
ÅEcosystem Conservation

Provision of Comfortable Environments
ÅClimate Regulation
ÅAir Purification
ÅCreation of a Comfortable Living Environment

Culture
ÅLandscape, Scenic Beauty
ÅEducation, Religion, and Festivals
ÅArts, Traditional Culture, and Regional Diversity

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.

⌐ ╢
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Degraded 
Land

Cultivated 
Land

Forest

Comparison of Sediment Yield
Source: Ganzo
Maruyama, Forest 
Hydrology, 1970

/year/ha /year/ha /year/ha0.2 /year1.1 /year23.6 /year

Note: The value represents the average of erosion measurement 
results obtained from plots with a slope angle of 13Ûor greater.

Forests are a resource for land conservation.

Approximately two-thirds of the land area in Japan is covered by 
forests. Forests represent an important resource for national land 
conservation, possessing multiple functions* (e.g. preventing landslides, 
water resource conservation, biodiversity conservation).

2. Forest Function in Preventing Shallow Landslides*

Net Effect: Tree roots spread horizontally near the soil surface, forming a 
net-like structure that restrains soil movement.

Anchoring Effect: Roots extend vertically to reach bedrock or more stable 
substrata, anchoring slopes like piles and providing resistance 
against collapse.

3. Forest Erosion Prevention Function*

Branches and fallen leaves cover the ground, preventing soil erosion 
and runoff. Turbidity is also suppressed.

*Limitations of Tree Root Systems

Many tree root systems (especially conifers) generally extend only into the 
topsoil to depths of 1ς2 m and do not penetrate deeper. Therefore, deep-seated 
landslides are not prevented by root reinforcement.

*See glossary at end for explanation 13

Horizontally extending roots spread in 
a net-like structure along the ground 
surface, and the interlocking of roots 
from adjacent trees and coarse 
fragments helps restrain soil 
movement.

Vertically extending roots connect to 
fractures in bedrock at depth, 
anchoring the soil  in a pile-like manner 
and providing resistance to soil 
movement when slope failure is 
imminent.

Surface 
layer

Soil 
layer

Bedrock

Slope driving force

Root 
resistance

Anchoring Effect of 
Vertical Roots

Net Effect of
Horizontal Roots

⌐ ╢

Source: Erosion Control Division, Forestry Agency of Japan: 
"Surface Landslide Prevention Function of Forest Root Systems"
https://www.maff.go.jp/j/pr/annual/pdf/hyosouhoukai.pdf

Forests Protecting the Nation from Disasters
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Forests and Landslides
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 Trends in Domestic Deaths from Landslides Shinohara and Kume, 2022

Trends in Domestic Deaths from Landslides
Shinohara and Kume, 2022

Photo: Courtesy of Hiroshi Hirose, Yamanashi Forestry and Forest 
Products Research Institute

Photo: Takashi Gomi, Nagoya University

Browsing Damage by Deer

Degradation of Planted Forests

¸The number of landslides and debris flows in Japan has consistently decreased since the postwar 
period. One reason cited is the improvement in forest quality following degradation caused by 
overuse.

¸However, in recent years, forest quality has declined in some areas due to factors such as 
neglected planted forests and deer browsing damage. As a result, these forests can no longer 
function as effectively as before in preventing landslides and debris flows* .

¸For forests to effectively prevent landslides, it is crucial to manage appropriate tree density 
through thinning. Additionally, after harvesting, reforestation/planting/replanting and weeding 
should be conducted, or selective cutting and gradual thinning should be employed to preserve 
young trees and mother trees. This approach guides natural regeneration toward mixed forests 
of conifers and broadleaf trees or broadleaf forests.

*See glossary at end for explanations

⌐ ╢
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The Relationship Between Rainfall and Forests

15

Rain falling on forests is divided into two types: "canopy-
throughfall," which passes through gaps in the trees and 
reaches the forest floor directly, and water that first adheres to 
the canopy (leaves) or trunks. Furthermore, the water that 
adheres to trees is classified into three types: "interception 
evaporation,"*  where it evaporates back into the atmosphere; 
"stemflow," where water runs down the trunk to reach the 
forest floor; and "canopy drip," where raindrops coalesce in 
canopies and then fall onto the forest floor.

Rainwater reaching the forest floor is temporarily stored in 
soils and used for plant growth. Furthermore, water seeping 
through cracks in bedrock slowly moves through the rock, and 
is stored and filtered within the bedrock for extended periods.

This movement of rainfall within forests is strongly affected 
by the presence of forest soil. The layer of fallen leaves and 
fragmented organic materials as well as the understory 
vegetation softens the impact of rainfall energy, suppresses 
surface runoff, and reduces soil erosion.

In forest watersheds, water undergoes the movement 
processes shown in the right diagram, ultimately leading to 
flood mitigation, water resource recharge, and water 
purification. Collectively, these forest functions are referred to 
as the "water resource function of forests."

Movement of 
Water (Liquid)
Movement 
of vapor

Legend

Rainfall

Surface 
runoff

Groundwater

Groundwater

Deep infiltration 
into bedrock

Infiltration
Water 

absorption

Throughfall

Evaporation 
from the 
ground

Soil layer

Bedrock layer

Transpiration 
from leaves

Stem
flow

Canopy drip

Interception 
evaporation

⌐ ╢

*See glossary at the end
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Water Resource Conservation of Forests: Three Functions

16

Flood Mitigation Function Water Resource Recharge  Function Water Purification Function

Primarily, rainwater infiltrates into 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 f unction 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, reducewater that 
cannot be used by forests or people, 
increase usable water volume, and provide 
beneficial functions for securing water 
resources.

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.

This document focuses in particular on this function.

The water resource conservation of forests encompasses three primary roles: "Flood Mitigation," 
"Water Resource Recharge" and "Water Purification."

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 ⌐ ╢

1.1 Conserving Forests



Forests and Soil

B̧are mountains: thin soils with little or no vegetation cover

Rainfall runs off quickly

During floods: Most rainwater runs off

During drought: Little or no flowing subsurface water

F̧orest
Rainwater infiltrates forest soil and flows downslope rather 

slowly

During floods: Less water flows out

During drought: Water stored in the soil continues to flow out
17

Hagidono-cho area, Seto City, 
Aichi Prefecture

Three main functions:
Flood mitigation, water resource recharge, water purification

These benefits are provided

by the presence of forest soil

https://www.rinya.maff.go.jp/form/pdf/k39.pdf

View in 1901

Current View

⌐ ╢
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The Important Role of Forest Soil
¸When considering forest water resources, the role of forest functions and interactions (e.g., interception evaporation*, 

transpiration*) is crucial. However, the "forest soil" that forms its foundation is also closely related. Particularly, the "condition 
of forest soil"τincluding the state of understory vegetation, root system development, and the resulting changes in soil 
structureτis vital when considering land and water conservation functions.

¸The water recharge capacity is realized through the infiltration and storage of rainfall into forest soils and bedrock. The 
condition of the soil layer is crucial; for example, differences in soil layer thickness alter water runoff characteristics.

¸Simply having soil does not guarantee the maintenance of water recharge capacity. Rainwater can infiltrate into the soil. 
However, on bare ground, infiltration is typically reduced to the point where extensive overland flow dominates.

¸Thƛǎ ǊŜŘǳŎŜŘ ƛƴŦƛƭǘǊŀǘƛƻƴ ƛǎ ǇŀǊǘƭȅ ŎŀǳǎŜŘ ōȅ ǘƘŜ ōǊŜŀƪŘƻǿƴ ƻŦ ǎƻƛƭ ŀƎƎǊŜƎŀǘŜǎ όŎƻƳǇƻǎƛǘŜǎ ƻŦ ŦƛƴŜ ǎƻƛƭ ǇŀǊǘƛŎƭŜǎ ǘƘŀǘ ΨǎǘƛŎƪΩ 
together, i.e., aggregate structure) when the topsoil is exposed to raindrop impact and the forces of flowing water. The fine soil 
particles created by this breakdown then clog the soil surface forming a thin layer (crust) that clogs and hinders water 
infiltration.

¸Forest soils exhibit water retention and permeability because of their good aggregate structure.
This aggregate structure is unique to forest soils and possesses the following characteristics:

18

ÅSoil aggregates
A state where fine mineral particles, organic matter, and 
microorganisms in the soil bind together to form larger "clumps 
(aggregates)"

Å Improved Aeration and Drainage
The spaces (pores) between aggregates are numerous, allowing air 
and water to pass through easily.

ÅEnsuring Water Retention
Soil aggregates have the ability to hold water within their 
structure and on their surfaces.

ÅFacilitates root growth
The soil is soft, allowing roots to grow and 
penetrate easily.

ÅResistant to erosion
The topsoil is less likely to be washed away by 
wind or water.

ÅProvides habitat for microorganisms
Microorganisms thrive in the pores of soil 
aggregates, promoting active nutrient cycling.

Figure: Quoted fromTakashi Gomi (2016)

Figure: Quoted from
Takashi Gomi (2016)

Rainfall Erosion

Water

Air

A
ir

Aggregate

Water and soil 
splash

Aggregate structure of soil⌐ ╢

*See glossary at the end
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Additional
Notes

For Professionals

The Importance of Abundant Pores of Various Sizes
Şmall spaces (pores) within the soil are crucial for storing water.
These spaces exist between soil aggregates and serve as the "reservoirs" where water is stored.

Şmall spaces (pores) in forest soils strongly retain water (circles in the upper left of the figure).
Conversely, water movement through these small pores is slow, limiting their role in transporting water.

Şoil contains not only small pores but also large voids (macropores). Macropores, pipes, or preferential water pathways 
are circled in the lower left of the diagram.

P̧referential ¬water conduits" are primarily formed by the decay of plant roots, burrowing of earthworms and moles, live 
roots, and cracks in the soil.

19

Şmall pores excel at water retention.
Small pores primarily hold and store water. The amount of 
water stored in these pores fluctuates with time even 
during continuous rainfall, acting as a buffer. This buffering 
function smooths out the temporal variation in flood flow, 
reduces peak flow, and provides a flow equalization effect 
Tani (2017).

Ļarge pores allow rainwater to drain rapidly
During rainfall, water drains rapidly through larger 
channels, preventingwater from accumulating at the 
lower slope, suppressing excessive groundwater rise and 
preventing slope instability.

⌐ ╢

Figure: Quoted fromTakashi Gomi (2016)

Figure: Quoted from
Takashi Gomi (2016)

Small pores hold and
store water

Large pores drain
rapidly

Infiltration to 
bedrock

Unsaturated 
zone

Soil erosion

Raindrop erosion

Evapo-
transpiration

Rain-
fall

Saturated 
zone

Surface flow erosion

Stream
flow

Pipe flow etc.

Soil particle movement

Water and soil particles 
are splashed

Surface flow

Stemflow

Throughfall

Sap flow
Infiltration

Water retention and drainage
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The Importance of Maintaining and Managing Forests as Forests

Forests are essential infrastructure for society, supporting the foundations of the natural environment such as water, 
soil, air, and biodiversity. However, without proper management, forests lose their functions, leading to serious impacts 
like soil erosion, water resource degradation, and ecosystem degradation.

In the past,excessiveloggingandfuelwoodcollectionin Japanled to the widespreadoccurrenceof "baremountains"
acrossthe country, causing frequent disasters like floods, landslides, and droughts. More recently, forest loss has 
occurred due to abandoned reforestation/planting/replanting and weeding efforts and wildfires. Learning from this 
history of forest disappearance, degradation, and the associatedcurrent risks is crucial.

Maintaining and managing forests as sustainableforest ecosystems means preserving their healthy structure and 
functions through thinning, planting, and conserving understory vegetation. These managementmeasuressustain 
multiple functions like water resource recharge, sediment disaster prevention, /hі absorption, and biodiversity 
preservation, enabling us to leave a sustainable environment for future generations.

Forest management is an "investment in natural capital" that helps to avoid repeated past failures and supports 
future safety and prosperity, enhancing the resilience of both local communities and society as a whole.

201.1 Conserving Forests
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Historical changes of Mt. Tanakami, Shiga Prefecture Damage caused by Typhoon Isewan (1959)
tƘƻǘƻΥ Yƛƴƪƛς/ƘǳƎƻƪǳ wŜƎƛƻƴŀƭ CƻǊŜǎǘ hŦŦƛŎŜ

Photo: KinkiςChugoku 
Regional Forest Office

1913, before the erosion control works

1913, before the erosion control works
1914, immediately after the works

1914, immediately after the works
2018, 104 years after the works

2018, 104 years after the works

https://doi.org/10.11519/jjsk.77.0_10
https://doi.org/10.11519/jjsk.77.0_10
https://doi.org/10.11519/jjsk.77.0_10
https://doi.org/10.11519/jjsk.77.0_10


1.2 Forest Management Activities

ÅIn recent years, corporate forest management activities have been on the rise.

ÅBenefits companies gain from engaging in forest management activities include:

 Enhanced employee and corporate awareness and strengthened 

engagement

Benefits for corporate branding, public relations, and stockholders

Building relationships with local communities and municipalities

Environmental benefits and a sense of accomplishment

ÅWhat needs to be done to increase the number of companies involved in forest 

management activities?
21
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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.

Healthy Forest
ÅEnhances high carbon dioxide absorption capacity ςi.e., carbon sequestration
ÅEqualizes the amount of water runoff into rivers
ÅPrevents soil erosion and shallow landslides
ÅProvides a stable supply of forest products such as timber and mushrooms
ÅRealizes  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,
ÅTrees remain overcrowded, hindering growth and leading to poor timber 
quality.
ÅLight cannot reach the forest floor, preventing the growth of understory 
vegetation.

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

1.2 Forest Management Activities

Why Do We Need Forest Management?

A balanced circulation 
state

ẇWoody biomass

ẇPaper products made 
from thinned wood

CartonsPrinting 
paper

ẇWood products

ẇResidential and 
general buildings

ẇPublic buildings

Weeding

Afforestation

1st

Thinning

Final 
harvesting

2nd

Thinning

Sustainable and circular use of forest resources

The Importance of Thinning

T
h

in
n
in

g

Promotion of 
tree growth

Proliferation
of understory 
vegetation

Poorly thinned planted 
forest (illustrative image)

Properly managed planted 
forest (illustrative image)

ẌEnhancing  forest resilience 
to wind, snow, and pests

ẌSecuring and enhancing 
forest carbon sequestration

ẌPrevention of topsoil 
erosion

ẌConservation of biodiversity
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Increasing Containerized Seedling Production

ÅUtilizing containerized seedlings, which offer high survival 
rates even outside the optimal planting seasons of spring 
and autumn, extends the planting window.

ÅThis facilitates the adoption of an "integrated harvesting and 
planting system" where planting occurs concurrently with or 
immediately after harvesting. It also reduces labor 
requirements in planting operations, even for non-experts.

Conventional 
varieties "Elite Trees"

Excellent
Initial 
growth

™ Ϭ βϥθϛτ

11.2 
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Utilization of the "Elite Trees"

ÅIndividual trees meeting specific criteria for growth rate, 
wood quality, and pollen yield are designated as "Elite 
Trees" - "specified mother tree(s)".

ÅLabor saving and cost reduction, such as reducing the 
frequency of weeding operations, as well as shortening 
the harvesting rotation period, are expected.

Reforestation Costs

ÅApproximately 70% are initial costs (red area in the figure 
below).

ÅTo achieve labor saving and cost reduction, introducing an 
"integrated operation system" for harvesting and 
planting/replanting is necessary.

Note: Created based on FY2024 standard unit prices
 Planting3,000 Sugi (Japanese cedar) trees/ha, 5 underbrush clearings, 2 

thinning operations,  1 nurturing thinning, 1 removal thinning (50ς60 m3 /ha)
 *Excludes costs for wildlife damage prevention measures such as deer fencing

0.76 M
seedlings

33 M
seedlings

Production of 
Containerized Seedlings

Note: Figures in parentheses indicate the percentage of total seedlings.
Source: Forestry Agency internal documents. 

Site 
preparation
¥0.38 M

Seedling
¥0.46 M

Planting
¥0.33 M

Weeding
¥0.93 M

Cleaning
¥0.38 M

Thinning & 
Pre-commercial 

thinning
¥0.73 M

Promoting Reforestation
P̧romoting Reforestation after harvesting is essential for the purpose of maintaining the circular use of forest 
resources (Plant -> Grow -> Harvest -> Use -> Plant).

Ţo promote reforestation, it is important to reduce labor requirements and costs through measures such as the 
use of Elite Tree seedlings and the introduction of integrated harvesting and reforestation systems utilizing 
containerized seedlings. In addition, countermeasures against damage from wildlife, including browsing of planted 
trees, are essential.
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Benefits Companies Gain from Sustainable Forest Management Activities

1. Enhanced Employee Awareness and Strengthened Engagement
ÅDeepening understanding through hands-on experience, enabling employees to

seamlessly articulate their insights

ÅFostering a sense of pride in the company through social contribution activities

ÅProvides opportunities to enhance communication among employees and with 
customers

2. Benefits for Corporate Branding and Public Relations
ÅLeading to enhanced corporate image creation and increased product sales

ÅGaining trust from customers and society as part of CSR activities

ÅIncreased likelihood of media coverage

3. Building Relationships with Local Communities and Municipalities
ÅContributes to dealing with local challenges and builds trust with municipalities, 

Forest Owners' Cooperatives, etc.

ÅStrengthening ties with local residents and consumers through community-rooted 
activities

4. Environmental Benefits and Sense of Accomplishment
ÅUnderstanding and satisfaction with the multiple functions of forests (water 

recharge, landslide prevention, /hі absorption,biodiversity conservation, etc.) 
and a sense of satisfaction and accomplishment

24
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To Increase the Number of Participating Companies
1. Improving Systems and Enhancing Support

 Simplifying and clarifying support systems provided by local and national governments

 Increasing flexibility in the duration and administrative procedures of development agreements (setting short- to medium-
term timeframes to align with corporate logic)

 Establishment of consultation services connecting companies wishing to engage in forest management activities with local 
governments, forest owners, etc.

 2. Creating Opportunities for Participation

 Events and introductory support measures that encourage participation of a wide range of people

 Providing flexible options tailored to regional and corporate scales

 Mechanisms enabling participation by small businesses and joint participation by multiple companies

 3. Establishing and Visualizing Activity Evaluation Metrics

 Public metrics and recognition programs

 Clear quantification of water resource recharge effects

 Establishing mechanisms for easy external explanation

 4. Strengthening Public Relations and Education

 Visualizing the significance and functions of forest activities (water recharge capacity and/hі sequestration)

 Communicating messages that address the issue of "Why protect forests?" to consumers

 Providing information that helps management and employees understand the importance of these activities

25

This document 
focuses on this 
topic
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Promoting Forest Management Activities

Healthy forests where multiple 
functions are fully realized

ωHigh carbon dioxide absorption capacity

ωAbsorbs rainwater, replenishesgroundwater, 
slows runoff, and mitigatesrunoff

ωReduces slope failures
Reinforcement network and anchoring
effectsprovided by tree root systems

ωPrevent soil erosion
Prevent surface soil erosion and stream 
turbidity

ωStable supply of forest products like timber 
and mushrooms

Sustainable forest management 
through circular utilization

ωIŀǊǾŜǎǘ όŎǳǘύ Ҧ ¦ǎŜ Ҧ tƭŀƴǘ Ҧ DǊƻǿΥ 
Achieving a balanced cycle of utilization

ωProper management practices like 
reforestation/planting/replanting and 
weeding support this cycle

ωWhen planted forests reach maturity,
IŀǊǾŜǎǘƛƴƎ Ҧ wŜŦƻǊŜǎǘŀǘƛƻƴκtƭŀƴǘƛƴƎ 
after harvesting to rejuvenate the 
forest is important

Promote forest management 
activities by companies and other 
entities

ωFurther promote forest management 
activities throughdiverse organizations, 
including companies (not just public 
entities)

ωGrowing demand for robust indicators 
that allow companies to demonstrate 
the effects of sustainable forest 
management initiatives

ωPresenting asimple quantitative 
evaluation method for water recharge 
capacitythat can be used even by non-
experts

26
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Reference Information

27
⌐ ╢

1. Forest ˷ Corporate Guidebook
This guidebook introduces methods and
case studies connecting forests and businesses.

4. National Council for the Promotion of Forest 
Management (a council comprising various 
companies and organizations)
This council expands the network of companies and 
organizations working toward SDGs and carbon 
neutrality through forest management,
while also facilitating concrete forest
management activities by each company
and organization.

2. Forest Navi Net
This information site features "Forest Management
Coordinators" who serve as consultation points for
companies wishing to initiate forest management,
regional consultation points, and case studies.

3. Forest ˷ ACT Challenge (Recognition Program)
This recognition system aims to inform the public
about the initiatives and value of companies and
other entities contributing to carbon neutrality and
biodiversity conservation through forest management
activities, thereby encouraging further corporate challenges.

5. Forest Management Utilizing National Forests
This system enables companies and 
organizations to utilize National
Forests through agreements and
the shared-revenue forest system.

1.2 Forest Management Activities



1.3 Global Trends Concerning Water

ÅGlobal momentum is building for companies to disclose 

information to investors, such as through the TNFD.

ÅThe VWB method for quantifying Volumetric Water Benefit 

(VWB) has been established as a standard.

ÅWe focus on and utilize the "Curve Number Method," one of 

the indicators used in VWB.

28
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Corporate Responsibility for Water Resources and the 
Push for International Rules

1. Emerging Corporate Responsibilities and Perceptions Regarding Water Resources
Water resources are essential for social and industrial activities, and companies are expected to fulfill 

responsibilities associated with their use. In recent years, the focus has shifted beyond mere water conservation to 
emphasizing the intrinsic attitude of companies contributing to the sustainability of water resources within local 
communities and entire river basins.

2. FromCSR to Business Strategy
Initiatives like "water resource conservation" and "environmental education," previously conducted as part of 

social contribution activities (CSR), are now positioned as strategic issues directly linked to corporate value and 
business continuity. Particularly, Water Positive ("replenishing more water than consumed") andWater 
Stewardship ("collaboration with stakeholders across entire watersheds") are gaining prominence, influencing 
corporate reputation and investment decisions.

3. Globalization and Investor Demands
Companies with international supply chains face varying national regulations and regional water resource 

challenges, necessitating common evaluation standards and reporting frameworks. Furthermore, the expansion of 
ESG investing is accelerating investor demands for transparency regarding water risks and water resources 
management.

4. Establishing International Common Rules
In response to these trends, international certification and reporting systems like theAlliance for Water 

Stewardship (AWS) and CDP Water Security have been established globally. Furthermore, frameworks such as the 
Task Force on Nature-related Financial Disclosures (TNFD) are advancing efforts to require companies to disclose 
water-related information and assess water risks. Consequently, what were once voluntary corporate initiatives 
are evolving into efforts based on internationally recognized and agreed upon common rules and standards.
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1. Recognition of 
Corporate Responsibility

2. Integration into 
Business Strategy

3. Investor Demands

4. Development of 
Common Rules

1.3 Global Trends Concerning Water
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VWB (Volumetric Water Benefit) Is
¸VWB (Volumetric Water Benefit) was developed as part of the international rule-making process.

Volumetric Water Benefit (VWB) is based on guidance published by the World Resources Institute (WRI) in 2019.

 ̧It has also been adopted in the NbSGuide created by the CEO Water Mandate and is now the de facto standard in
Water Stewardship.

 ̧The Water Stewardship Process Using VWB
1. Understand the basin's situation and identify shared water challenges with stakeholders (partners). 
2. Develop a Water Stewardship (WS) action plan and determine VWB allocation with partners.
3. Collect necessary data and calculate the VWB.

301.3 Global Trends Concerning Water

World Resources Institute Report, August 2019

ÅQuantitative Water Effect VWB Calculation 
Method for Water Stewardship
ÅVolumetric Water Benefit (VWB) Calculation 
Method Specified

CEO Water Mandate March 2021

ÅPublished a guide specifying the calculation 
method for quantitative effects usingNature-
based Solutions (NbS). 
ÅFor water, VWB is adopted.

Participating 
Companies

Beverage Manufacturers
DIAGEO, PEPSICO, etc.

IT Companies
Microsoft, Apple, 
Google, META, etc.
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Features of VWB
V̧WB evaluates the difference between the presence and absence of water conservation activities by companies and 
other entities. All indicators are strictly formulated as differences. The mere existence of forests is not the direct metric 
of evaluation. 

¸However, as a prerequisite for the project, confirmation is made that conditions exist for forest maintenance, such as 
the prevention of logging in some cases.

A̧mong the indicators prepared for VWB, the following five relate to forests:

*A-1: Curve Number Methodה

A-4: Catchment/Infiltration Methodה

A-5: Runoff Reduction Methodה
 (Water Collection Method)

A-7: Replenishment Methodה

A-8: Hydrograph Methodה
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In this document
 "A-1: Curve Number Method"
 is adopted.

<Evaluation Procedure Using VWB>
1. Understand the basin's situation and identify shared water challenges with stakeholders (partners).
2. Develop a Water Stewardship (WS) action plan and determine VWB allocation with partners.
3. Collect necessary data and calculate VWB.

VWB Indicators and Calculation Methodsṯ
Recommended VWB indicators and their calculation methods are presented for each type of WS activity.
 Given the wide range of WS activities, the following approaches may be considered:
¸  If another reliable and well-documented method is available, its use is also acceptable.
¸  Use simple estimates for early-stage project evaluations and cost-benefit analyses.
¸  When reporting on an organization's WS activities, use more detailed and complex estimates or 

measurements.

 Considerations for Using VWB
 Clearly define and report the following five points:

1. Scope of VWB
2. Social, economic, and environmental benefits derived from VWB
3. The base year for calculating VWB and subsequent plans
4. Maintenance costs during the operational period and the plan for securing necessary funds and

resources
5. Purpose of VWB Use and Water Quality Standards Meeting Regional or International Standards

*Details of the Curve Number Method and 
the reasons for its adoption are explained 
in Slides 45 and 46.

1.3 Global Trends Concerning Water
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Recommended VWB 
Indicator Calculation 
Methods for the Most 
Commonly 
Implemented WS 
Activities

Reig et al. (2019), Table G.3.3.1 Japanese translation  
https://www.wri.org/publication/volumetric-water-
benefit-accounting

Practitioners may select different levels of 
estimation or measurement for VWB 
assessments depending on their objectives.

The calculation methods presented are not 
exhaustive, and alternative simpler or more 
complex approaches may also be appropriate. 

321.3 Global Trends Concerning Water
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1.4 What Is the VWRR?

ÅWhat exactly is the "Volume of Water Resource Recharge"?

ÅIt focuses on "quantity" rather than "function".

ÅThe objective is to support forest management activities by 

companies and other stakeholders through the quantitative 

evaluation of the VWRR from forest land.
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What to Quantify
¸Initiatives such as TNFD* require companies to quantitatively assess their dependence on and impacts 

(pressures) on natural capital, and disclose their actions (investments, management, etc.) to conserve and 

restore natural capital. Forest water resource recharge capacity represents one of the ecosystem services 

provided by natural capital. Based on the principle that quantifying the extent of these functions provided 

by forests is crucial, this document introduces a new metric, the "Volume of Water Resource Recharge* 

(VWRR)" as one indicator for this ecosystem service.

¸VWRR refers to the volume of water that serves as a source of groundwater supporting local livelihoods and 

industrial activities. To secure this volume, the most critical step is to protect the total VWRR (the large 

droplet in the center of the right diagram). To achieve this, maintaining healthy forests is vital to prevent 

their loss due to wind and water disasters or weather-related damage, thereby sustaining "forest soil," 

which plays a central role in the water recharge capacity. This evaluation method aims to quantitatively 

assess the volume of groundwater conserved through the healthy maintenance of forest land and soil 

conservation.

¸Note that while this evaluation method can calculate changes in the VWRR before and after forest 

management activities like thinning, such changes represent a relatively small amount (the small droplet in 

the upper right of the diagram) compared to the total VWRR (large central droplet). Therefore, evaluating 

the effectiveness of forest management is not the intended purpose of this evaluation method.

¸Forests nurture water while also being consumers of it. In neglected, overcrowded forests, 

evapotranspiration* becomes excessive, causing VWRR to decline. Achieving appropriate forest density 

through thinning and other measures can suppress evapotranspiration*  and compensate for the decline in 

VWRR. To maintain a stable VWRR, it is crucial to maintain forests at appropriate densities.

341.4 What is the VWRR?

*See explanation in the 
glossary at the end

The VWRR that
healthy forests

exercise

Forest manag. to
replenish

w
ater

capacity

Thinning

Cleaning

Reforestation

Overcrowded forest areas that are not 
managed experience excessive 
evapotranspiration* , resulting in a 
decrease in the VWRR.
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Concept of VWRR
 ̧The term 'Volume of Water Resource Recharge'*  (VWRR) is unique to this document. Its concept is as follows.
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The VWRR is the volume of water that contributes to groundwater recharge 
and baseflow within a forested watershed.

VWRR

Precipitation

Direct Runoff

Evaporation

Soil storage

Interception 
Evaporation

Forest floor 
evaporation

Transpiration

Groundwater 
recharge Baseflow

¸The VWRR corresponds conceptually to "Groundwater 
recharge" in the diagram on the right. Water is first stored in 
forest soil and gradually contributes to baseflow* over time.

¸The time required for this process varies depending on 
geology and topography. Both the water that ultimately flows 
into rivers as baseflow (river water) and the groundwater 
stored within the subsurface before runoff becomes available 
as a usable resource.

¸Other precipitation pathways include "direct runoff"*  and 
"evapotranspiration"* . The amount of direct runoff is 
primarily influenced by topography and geology. The amount 
of evapotranspiration is more responsive to the type of forest 
cover, the amount of foliage, and meteorological conditions.

¸The VWRR is determined by the combined effects of all factors 
(topography, geology, vegetation, and weather). Water that 
does not directly flow out or evaporate is stored in the soil.

The influences of topography 
and geology are significant.

Influenced by topography, 
geology, vegetation,
and weather

Evapotranspiration

Significantly influenced by 
vegetation and weather

Time lag

1.4 What is the VWRR?
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Formula for the VWRR
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Precipitation = Direct Runoff + Baseflow + Evapotranspiration*

Baseflow= VWRR

= Precipitation - (Surface Runoff + Evapotranspiration*  )

Based on a water balance equation composed of the following 
combinations, we can calculate VWRR by subtracting surface runoff plus 
evapotranspiration from incident precipitation.

Chapter 3: Evapotranspiration
= Interception Evaporation*+ Transpiration

Chapter 2: Direct Runoff

Use an evapotranspiration 
model

Use the Curve 
Number method to 
determine direct 
runoff.

Baseflow
 = VWRR

Precipitation

Evapotranspiration

Direct Runoff

Direct 
runoff

Components that 
rapidly run off 
after rainfall

*This model does not 
consider evaporation from 

the forest floor.1.4 What is the VWRR?
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Additional
Notes

For Professionals

The Distribution Process of Precipitation and Its Contributing Factors
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Precipitation event

Direct runoff

Evaporation

Soil storage

Interception 
evaporation

Forest floor 
evaporation

Transpiration

Baseflow

Groundwater 
recharge

Contributing factors: 
Vegetation, Meteorology

 Direct runoff + Baseflow
 Factors involved: Geology, topography

To rivers

The process by which precipitation is distributed is detailed
in the right flow.

River flow consists of direct runoff (surface and subsurface)
and baseflow. Surface runoff is, as the name suggests, 
rainwaterthat flows rapidly into streams and rivers overland
or in shallow soil layers, while baseflow is the slow outflow process, with 
only minor contributions from the current  event and is mostly comprised as 
prior precipitation stored in the soil or weathered bedrock. Furthermore, the 
influence of vegetation and meteorology on the direct runoff process is 
small; geology and topography are the two primary factors involved.

Evapotranspiration consists of three components: canopy interception 
evaporation (water and snow trapped and evaporated by the canopy), and 
evaporation and transpiration from the forest floor. Transpiration follows a 
pathway via "soil storage" because water that has infiltrated into the soil is 
absorbed by roots. The main influencing factors are vegetation and 
meteorology.

VWRR is the remaining water volume after subtracting transpiration 
absorbed by roots from the soil storage volume. Quantifying VWRR involves 
subtracting runoff and evapotranspiration from precipitation. Consequently, 
all factors - geology, topography, vegetation, and meteorology - are 
involved.

S
lo

w
 co

n
ve

rsio
n

 p
ro

ce
sse

s
 tim

e
 la

g
s o

ccu
r

Previous 
precipitation 

events

To the 
atmosphere

*The term "water resource storage capacity" quantifies the water 
resource recharge function. It refers to the potential (maximum) 
amount that forest soils or ground layers can temporarily holdτ
essentially the size of the bucket.

In the distribution flow diagram on the right, the term "soil storage" 
capacity is used instead of "water resource storage capacity" because 
the intent is to indicate the actual volume of water stored within the 
soil, not the size of the bucket. 

Time lag

Time Elapsed

VWRR

Flow rate

Evapotranspiration

Factors involved: 
Geology, topography, vegetation, meteorology

1.4 What is the VWRR?
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Additional
Notes

For Professionals

Comparison with Other Cases

¸In this document, all water remaining after subtracting direct runoff and 
evapotranspiration from precipitation is considered VWRR.
In the water balance equation, this constitutes the following metric, which is a 
definition unique to this document.

¸Yamanashi Prefecture has published the "Yamanashi Water Policy Vision", which 
includes the prefecture¢s own water balance analysis. The composition of the water 
balance presented by the prefecture is as shown in the figure on the right, and it 
differs from the equation above.

¸The "direct runoff" defined in this document corresponds to the sum of all 
surface runoff and all or part of the intermediate runoff in Yamanashi Prefecture.

¸For items other than evapotranspiration, various approaches, classification schemes, 
and terminologies exist; in reality, no standardized classification has been 
established even among experts.

Judging from the percentages within this balance, 
"direct runoff" defined in this document corresponds 
to the following components outlined in Yamanashi 
Prefecture: the sum of all surface runoff and all or part 
of the intermediate runoff.

VWRR = Precipitation - (Direct Runoff + Evapotranspiration)

1.4 What is the VWRR?

2011 Estimated Values

Yamanashi Water 
Policy Vision
June 2013

Precipitation

Evapotranspiration

Water Resources

Surface Runoff

Ground Water

Interm. Runoff

Recharge

Unit: 106 m3/year
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2. Direct Runoff from 
Forest Land

39

*Note: In the methodology presented in this document, forest information is not considered in 
Chapter 2: Calculation of Runoff Volume. However, forest stand data is used in the calculation of 
evapotranspiration volume covered in Chapter 3. Recognizing that this methodology evaluates 
water runoff processes based on differences in the physical characteristics (geology and 
geomorphology) of forest land, assuming the forest is properly managed and maintained, the term 
"forest land" is used instead of "forest" in Chapter 2 and subsequent chapters.
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