2026F1H22H

Forests as regulators e e
of water and e
carbon: > gy —=
Can management enhance ‘- N

_ ] these ecosystem == ==
-1 functions? =
] 2026 NTNU x Glasgow x Kyushu ==

— . B Winter Institute

i S -
B T

Kyushu University Forest, Professor, Tomonori Kume



Who am I?

V¢, KYUSHE
A7 UNIVERSITYES

Former faculty member at
National Taiwan University
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A forest you decided not to use
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There Is no single correct answer

forest management

IN

Kyudai Now in Taiwan
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Japan: when forests started to be underused

Decline of forest use Decllne of huntmg

Underuse can lead to silent degradation
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Silent degradation under forest underuse

Loss of understory vegetation

The forest looks green, but it is losing its function
MG ER, BIEEXEREINEE.
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Deer are not the cause
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Loss of forest ecosystem services
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How can we detect and correct this silent decline?
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Today’s contents

« Part 1: Why forests matter — social and management
perspectives

« Part 2: Forests and water — myth vs. science

e Part 3: Forests and carbon — how to evaluate carbon
balance

« Part 4: Evidence-based forest management for sustainability
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Forest as regulator
of water

HOW WE MANAGE FORESTS?
» MYERRRYS. SCIENCE

Kyushu University Forest
Professor Tomonori Kume



QUESTION

If your income increases, are you richer?

Expenses T 1




FOREST & WATER BALANCE

— Precipitation

Expenses— Evapotranspiration



FOREST & WATER BALANCE

Translation
Income - Expense = Saving

Precipitation — Evapotranspiration = ?



FOREST & WATER BALANCE

In hydrology,

Precipitation — Evapotranspiration = Runoff

Runoff — Water resources



MYTH OF FOREST

Many people believe that forests offer a more
favorable environment than other land uses.

1. Forests increase water resources
2. Cutting trees cause water resource problem
3. Evapotranspiration is “loss”

What is supported by evidence, and what is a myth?



OPIC TODAY

Water balance

Forest and water resources




WATER BALANCE

Precipitation (P)

Evapotranspiration
(ET)

P=ET+ R+ AS

Changes in soil water (AS)=0
under stable conditions

I

| Runoff (R)

r

Water
resources 18



EVAPOTRANSPIRATION (ET) ?

This (Evapotranspiration:ET)

Transpiration
Water movement P ey ole

through soil W \:ﬁ- Rainfall interception

(Dry-canopy) X - tion from f ;
| vaporation from free water
SOIlt_ :r ? TT surface during and after
€vaporaton rainfall (Wet-canopy)
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HOW DO WE MEASURE ~?

Catchment

Eddy covariance water balance
techniques

Sap flow
measurements

Weighing
lysimeters

Spatial scale

20



QUESTION

How large is an daily water use of
an individual tree? |
34 Litter

N

AL Vit
- ";Y‘- Bi? T

1. <100 L/day
2. 100-500 L/day
3. >1000 L/day 1000 Litter
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QUESTION

?

Is an daily water use of an individual tree

How large

>1000 liter

3.

liter

100-500

2

iter

<100 |
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FOREST
EVAPOTRANSPIRATION
AT THE GLOBAL SCALE

Komatsu et al. 2010
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QUESTION

When we conduct clear-cut in a forested
catchment, runoff will increase or decrease?

1. Increase
2 . Decrease
3. Case by case



Clear cutting

Watershed A B
r Plantation

Watershed A
(treatment)

WATERSHED runose ¢ M

A Runoff

TREATMENT :

Y*” Watershed B
' (control)

Runoff  Runoff
A B

We can examine impacts of treatments on water
balance by the difference runoff A and B. 2



Treatment

E L Bl (2005)
I z I 3500 - r ' ' '
Freapitation —l—-
2000 b i_acha:rge :‘En WE-A —a— ‘
‘D‘lﬁthﬂl‘gl_ﬂ in WS-B —Q—- Clear-cut

Forest, Chiba.

1000

500 | Control

m
£ PO . - M . S
. . . . NN
A case In Tokyo University E oof  wew N .
R Precipitation Treatment
3
1S
H_.I.

Runoff increased after cutting. T ww e wo wo
It can happen globally.
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Water balance components
before and after clear cutting

WHAT HAPPEN
AFTER CLEAR
CUTTING ?

Decreases in ET
- Transpiration (Tr) |

-Soil evaporation (Es) T
-Interception (Ei) |




AT CONTINENTAL
SCALE

If we could cut all trees in Amazonian basin ?

Forested area Deforested area
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GLOBAL
CIRCULATION

MODEL

MODEL
SIMULATION

Precipitation could decrease,
thus, runoff also could e
decrease. .




Less active cloud formation

Degraded

FEED BACK TO
ATMOSPHERE

Vegetation

_ _ Active cloud formation
Forest can impact on climate

system at the large scale.
- One of the keys for predicting

climate changes. 31

Lean & Walilow 1995, Kanae et al. 2000



CURRENT ISSUES : LOCAL TO GLOBAL

CLIMATE CHANGE

CLEAR-CUTTING UN-MANAGEMENT INVASIVE
SPECIES

Still, we need scientific evidence.



WHAT DID WE LEARN
TODAY?

1 Water responses depend on
scale & context

2 Common sense # Truth

3 Forest management is not
black-or-white

CYIF FYp
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Building a Society for Sustainable
Coexistence

Kyushu University Forest, Professor, Tomonori Kume
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Common sense # Truth

2026518118  ZMi7JO0-FRIE T Kume

Italian physicist, mathematician,
astronomer, and philosopher
(16th century).

Heliocentrism (Ht&Eh5H)

Galileo Galilei (1564 —1642AD)

A great figure who challenged myths
based on scientific evidence.



Myth of forests

Many people believe that forests offer a more
favorable environment than other land uses (/=1ih.
Eith, #msE)

1. Water resources: Mitigate drought/flood risk

2. Water quality: Improve water quality Calder 2005 in

Blue Revolution

3. Carbon sink: Reduce atmospheric CO2 levels
etc.

What is true, and what is a myth?
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Question: Which can have largest CO2 emission?

1. Vegetation 2. Ocean

Moodle  Home #wiaf—F TA41-2

a B |
. 11 . 144 I 2025_Winter Quarter EEZ3Hf - Monday_5th -
I C C I C e r . period_H5 * Frontier in Academic Approach_Efi1 7 AR b _
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a—FyJUEY a7 yh) 7 : ;
YEF U 1 12
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Global C cycling

so7 - 165 \ IPCC report

o —
0.2 11961f0 26 and 16 ‘tad ] ‘ -
Mbathanng Rosplmnogfp l\ F— o ool e I n d 8 St I‘y

snk Use

Vegetation, Fossl Fuels

Soil & Detritus . < 3m_244
-l6ls 0 2300 + 101-140 o X
@ - M
B\ 1| Surface Ccean 50—t |MaineBiota
| -l .18 39 =3
JCed e

& Deep Ocean
37,100 + 100
Surface sediment
150

Vegetation has the largest C emission! But:--
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Forest C cycling: Not for memorization

GPP: Re:
REEE ARRIFIKE
Ra ‘ ' Rh
Plan’g _ A 4 Microbial
respiration ¢ decomposition
(B | Lea (EVIFIR(5IFR))

Detritus
(ASEAH3E)

2026%F1A118  ZMi7J0-FREB T Kume

Soil Organic
Matter
(LIEBHD)

NPP : Net Primary Production
(fEEESE)

= GPP—Ra

NEP : Net Ecosystem
Production (fEEREREES)

= NPP—Rh
= GPP—Ra—-Rh

NEP> 0 — C Sink (C &)
NEP <0 — C Source (C &)




The top-down approach (&R SRFEN L)

Direct measurement for
GPP. Re. NEP

CO, difference
— CO, fluxes

IELCO R

7 A D CO ;0 4R

,, /
BLRZEEOTO-T
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The bottom-up approach

Inventory measurements :

Biomass increases

Chamber methods

Ecosystem respiration

2026%F1A118  ZMi7J0-FREB T Kume

GPP- Ra -Rh = NPP - Rh
AB + L (1h%t£)
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Flux network project world-wide:

Long-term observational studies have been conducted
across various ecosystems, leading to the establishment of
a global flux observation network (FLUXNET).

2026518118  Fi7JO0-FRIE T Kume




a4

Tropical rain forest in Borneo

93-m DIL—>

fEY) - B%) - IRIROHEEAF
FH (B9 Sh3T

Long-term monitoring has been conducted for water & C cycling (>15yr).
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Forest C balance

Characteristics of the data




Question: Which forests have higher
carbon sequestration capacity?

@ Boreal forest @ Temperate forest ® Tropical rain forest

46 2026518118  Fi7JO0-FRIE T Kume
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Question: Which forests have higher
carbon sequestration capacity?

‘ a".‘.'.,'- P

@ Boreal forest @ Temperate forest ® Tropical rain forest

Boreal forests « Temperate forests « tropical rainforests

— is this really true?

2026518118  Fi7JO0-FRIE T Kume



Forest NPP and NEP in response to cliamte

o Tropical
L. 1500 - ® 5000
Productivity (NPP) T .o - pu 2500
increase with % 1000| Boreal *.E', °. g 2 o W
temperature. 3 Y e 7 8 Misoo
& I * * ® o Qe ’ eg all 5. |
= %% . ;:* . * i ® o 0 O 0 e 1000
§ v ;l o . " ® 500
-5 ] 5 10 15 20 25
Mean annual temperature (°C) Annl:la_l .
precipitation
= ° 4000
Net ecosystem C balance & o Bored) .o Tropical, |
(NEP) also increase with £ s * . :;E‘ ?.*‘ s g
temperature? & 0 ;w‘*.:-r 40 e Ui, W
uw or « 3 . |‘. ° ¢ = E
o 1000
=500 - . . . . . . .
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C assimilation (GPP) and Respiration (Re)

Water
I Evergreen necdicieat forosts.
I Evergreen broadieal focests
I Deciduous needleleaf forests
= b

[ Wooded grasstand/ Shrudlands/ Bushiands|
[ Grasses ~

40°N

20°N

0°N

>
N

80°E 100°E 120°E 140°E 160°E

Saigusa et al., 2008

Large ecosystem respiration
in tropical forests.

-> Not always C sink!
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GPP (tC ha! year')

NEP (1C ha! year')
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Question: Which forests have higher
carbon sequestration capacity?

Young forest

pEST (%@40@ SHHIE) 2K (1106 FATEES
Yong >> Old growth

— |Is this really true?

2026518118  Fi7JO0-FRIE T Kume

Old growth forest
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Traditional idea and new evidence

Old growth (>100yr) still

strong C sink!

LEAF BIOMASS A ai2
§ GROSS PRODUCTION
E LEAF RESPIRATION e
g c| &
N
@) G 4
[o B
w
pd
0
o !
(@)
ul
-
NET PRODUCTION 8 =
=0 Qv —_— |
1 3 10 31 100 315 1,000
Stand age
_ o Age (years)
From Kira & Shidei et al. 1967 Luyssaert et al. 2008
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A recent issues in Japan

Moso bamboo: native to
southern China; introduced for
food and materials

Lifestyle changes since
1980s — land abandonment

Expansion of Moso bamboo forests Expansion of bamboo forests

— ecological impacts?
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Bamboo forests as strong C sink?

| Largest NEP in the world-forests!
Very fast growing

species BTRURL/ (4720

300
[Mg C ha-1]

250

200

StER 3R

150

100

50

-50

-100

-150

3t 2533 94pd
SR
StER R 3 hE

Mg Cha-1: ThaX§-Y) ORKBER(b )
NPP : —EIRIA (E%1EM) 503, B—REE (KARCLIRERNE) 15 FRICL ZRBMERER L3IV L0
NEP : NPPASHAERI & 3 ERVBTER. HALLOMR (MEMFRE 61)5) (&> THESNEZBE KEE 2 L3IVES

YEAR 1 YEAR 2

https://lewisbamboo.com/pages/how-bamboo-grows
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Still on-going research

LAI: 3.7 m¥/m?

Culm density : 6800 culm/ha

2014.03 - 2015.03 and more

P ROz TRET D
iy EVS7JIO-F

Kameoka, Kyoto KMO
135'61E + 34'99' + 150m alt.

Kyushu University

LAL: 4.8 m%/m?
130 31°E » 3Q'38' » 50m alt.

Culm density : 5500 culm/ha
2012.04 - 2013.03 and more

Kaguya, Fukuoka - KGY

ICH :
LAl 4.8 m?/m? Ichihahi, Fukuoka | 3
Culm density : 4000 culm/ha LAI: 13.7 m?/m?(Not projected) Xitou, Taiwan XTU
2008.01 - 2008.12 Culm density: 11000 culm/ha 120°SO’E, 23'32", 1300m alt
2010.03 -2011.02
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What did we learn today ?

1 Common sense is not always true
2 How we evaluate matters

3 Answers depend on conditions and perspectives
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Finally

How should we manage forests in our country?




Why University Forests matter?

—~HERR - BiRRE

SEZERTL.
TARLTWVL

Action
=
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¥l - AT S
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Satoyama as a living laboratory

Previous situations Current situations

Less human
activity

What is optimal
strategy ?

2026/1/11 Kyudai Now in Taiwan



Forest ecosystem services can deteriorate ="

due to underuse.
ARMBYERERARTS, BIA *,EFK@ ] ITmiRAE.

Doing nothing is also a deC|5|on
HEEA, tHE—1EERE,

We need to decide,
based on science, hlstory, and social context.
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