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Forests ςthen and now
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Forests are important for biodiversity
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Forests and biodiversity
About 80% of terrestrial 
species live in forests

Tree species  
ÅҒ ул ллл ƛƴ ǘƻǘŀƭ
ÅIn the Tropics: about 37 000
ÅIn Amazonia: about 16 000
ÅIn Finland: about 30

Forest biodiversity significance (plants and animas)

Hill et al. 2019



The most common drivers of biodiversity loss 
among some animal taxa

5Global Land Outlook 2017



Land degradation, climate change, and biodiversity 
loss ςinterlinkages and feedbacks
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UNCCD 2022



Deforestation, forest degradation, and recovery
(Ғ forest transition)

Land use change? Yes

No

Deforestation

DegradationYes
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Recovery

Loss of biodiversity, biomass, 

ecosystem services?

Forest

IPCC 2007



ÅLarge-scale, commercial agriculture

ÅSmall-scale agriculture, shifting cultivation

ÅMining

ÅTransport/Infrastructure

ÅUrbanization

Direct drivers of deforestation
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ÅUnsustainable forest management and 
logging practices

ÅOver-exploitation of fuel wood and charcoal 

ÅLarge-scale land and forest fires

ÅForest grazing, over-exploitation of non-
timber forest products etc.

Direct drivers of forest degradation

Paubrasiliaechinata



Anatomy of global forest transition

ÅDeforestation
= Forest -> Other land use

ÅDrivers: agriculture, cattle ranching, mining, 
urbanization, infrastructure development

ÅCharacteristics of the change
ÅOld growth, natural forests disappear

ÅBiodiversity loss accelerates

ÅLarge emissions of GHGs + lost carbon sink

ÅArea of young, planted forests increases

ÅRecovery of carbon stocks is slow

Deforestation and forest expansion
(Mill ha/year) 1990-2020

FAO FRA 2020



Drivers of deforestation
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Drivers of deforestation and forest degradation
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Direct divers of deforestation and forest 
degradation
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Å Major deforestationdrivers for all 3 continents are commercial and 
local/subsistence agriculture (~ 83 %)

Å Major degradationdrivers for American and Asian continent is 
timber/logging which account for almost 70% of total, on the other 
hand fuel-wood/charcoal are the main driver for African continent

Å Major underlying drivers: increased human consumption and 
international trade of raw materials (e.g. minerals), food (e.g. palm oil, 
soy, beef), and wood (e.g. tropical hardwoods)

Hosonumaet al. (2012)



Primary drivers of forest cover loss 2001 to 2015 
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Darker color 
intensity indicates 
greater total 
quantity of forest 
cover loss

Curtis et al. 2018

Note:
Forest cover loss
ґ deforestation



Contribution of fossil fuel and land-use change to 
global CO2 emissions

15Global Carbon Project (2021)

ÅLand use & food production = 
about 34% of global GHG emissions
ÅOf total emissions of food production, about 60% is 

from animal-based food

ÅAbout 22% of global GHG emissions is coming 
from AFOLU sector

ÅAbout 11% of global GHG emissions is from land 
use change, mainly deforestation

ÅLand degradation is a serious problem exceeding 
planetary boundaries

ÅLand use & food production emissions are 
ōŜŎƻƳƛƴƎ ŀƴ άŜƳƛǎǎƛƻƴ Ƙƻǘ ǎǇƻǘέ

IPCC (2022)



Regional estimates of LULCC 
emissions 1910-2018

16Gasser et al. (2020)

LULCC = Land Use and Land Cover Change
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!ƳŀȊƻƴΥ ǘƘŜ ǊŀƛƴŦƻǊŜǎǘ άǿŀǘŜǊ ǇǳƳǇέ

17Aragao2012

With trees Without trees



!ƳŀȊƻƴ άǘƛǇǇƛƴƎ Ǉƻƛƴǘέ

Natural intact rain forest in the Amazon
ÅMoisture moves with winds from East to West
Å50-тр ҈ ƻŦ ǘƘŜ ǇǊŜŎƛǇƛǘŀǘƛƻƴ ƛǎ άǊŜŎȅŎƭŜŘέ
ÅWater recycling: 5-6 times before hitting the Andes 

-> Rain falls in the Andes, water enters the Amazon river system

Deforestation and fires
ÅCurrent deforestation: 17-20 % of the original rainforest area has been lost
ÅForest is getting drier in S and SE parts of the Amazon basin
ÅNo recycling, but the water runs off to rivers
Å²ƘŜƴ ǘƘŜ άǘƛǇǇƛƴƎ Ǉƻƛƴǘέ ƛǎ ǊŜŀŎƘŜŘΥ Ǌŀƛƴ ŦƻǊŜǎǘ -> savanna

¢ǿƻ ǇƻǘŜƴǘƛŀƭ άǘƛǇǇƛƴƎ Ǉƻƛƴǘǎέ όNobreet al. 2016):
ÅTemperature increase of 4 °C, or 
ÅDeforestation exceeding 40% of the forest area

18

Which comes first?



IPCC 1.5 oCReport: Evolution and break down of 
global anthropogenic CO2 emissions until 2100

19IPCC SR 1.5 (2018)



Land-sector roadmap for 2050

20Roe et al. 2019

1. Reduce emissions from 
deforestation and degradation

2. Reduce emissions from agriculture
3. Shift to plant-based diets
4. Reduce food loss and waste
5. Restore forests, coastal wetlands 

and drained peatlands
6. Improve forest management and 

agroforestry
7. Enhance soil carbon sequestration 

in agriculture and deploy BECCS



Pantropical climate mitigation potential of three 
types of NCS pathways (protect, manage, restore)

21Griscomet al. 2020 NCS = Natural Climate Solutions



Trade flows of embodied emissions from deforestation 
2005-2017

Pendrillet al. 2019

Physical trade model Multi -regional model 20 most important trade flows

*

*

*
* * = in Europe

*



Emission sources for deforestation-related CO2
emissions are diverse and vary by region

23Pendrillet al. 2019

Total = 2.6 Gt CO2 yrҍм

Emissions 
Share of total 

27% 23%Gt CO2 yrҍм

Data:
2010-2014

(Tot. EU emissions: 4.3 Gt CO2 yrҍм)



Deforestation embodied in the EU 27 consumption of 
agricultural and forestry commodities 2005-2017
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EU consumption causes 
tropical deforestation of
ÅAbout 10-15% of all 

tropical deforestation
ÅAbout 190 000 ha year-1

This causes annual GHG 
emissions of
ÅAbout 100 Mt CO2 year-1

ÅҒ нȄ ŜƳƛǎǎƛƻƴǎ ƻŦ CƛƴƭŀƴŘ

Soy

Palm oil

Meat

Pendrillet al. 2020



Deforestation in Brazilian Amazon 1994-2013

25
Nepstad et al. 2014

Slowing Amazon deforestation through 
public policy and interventions
ÅDeforestation rate decreased by 70% 

from 2004 to 2014

Drivers of change:
Increased productivity
ÅDecoupling agricultural production 

and deforestation

Enhanced government action
Å Increased tenure security
ÅMonitoring & law enforcement

Value-chain action
ÅCommodity certification
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{ƭŀǎƘ ŀƴŘ ōǳǊƴ ŀƎǊƛŎǳƭǘǳǊŜ ƛƴ ǘƘŜ !ƳŀȊƻƴƛŀ όмффлΩǎύ
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EeroJärnefelt: Under the Yoke (Burning the Brushwood), 1893

Slash and burn 
agriculture in 
Finland 
όмуфлΩǎύ



Deforestation and forest degradation in Finland
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Areas of slash-and-burn agriculture 
in 1860 and in 1913

After Heikinheimo, 1915Modified from Kaila, 1932

Extraction of large timber 
for shipbuilding and 
sawmilling

Slash and burn 
agriculture

Areas of logging, tar burning, and slash-
and-burn agriculture in 1750

Tar burning



Main points

ÅDeforestation and forest degradation has its roots in agricultural expansion, 
unsustainable extraction of natural resources, and trade

ÅLand degradation and forest loss are accelerating biodiversity crisis

ÅCurrently, about 30-40% of tropical deforestation is driven by international trade

ÅAbout 11% of global GHG emissions is from land use change, mainly deforestation

ÅThe 1.5 and 2.0 oCclimate targets require establishment of considerable negative 
emissions (carbon sinks) by 2040-2070 

ÅExamples from Brazil and other countries show that effective policies and 
measures can considerably slow down deforestation and forest degradation

ÅEU consumption causes about 10-15% of all tropical deforestation

ÅEU is formulating policies to reduce its deforestation footprint of imported goods



Thank you

E-mail: markku.kanninen@helsinki.fi
Twitter: @ MarkkuKanninen
Web: http://blogs.Helsinki.fi/kanninen
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Rio TambobataςPeruvian Amazon





Mitigation of climate
change and linkages to 
biodiversity targets

Raisa Mäkipää, Natural Resources Institute Finland (Luke)

EEAC conference, 14.-15.9.2022 Helsinki, Finland

SESSION 9: FORESTS AND DEFORESTATION - LINKS 

BETWEEN CLIMATE AND BIODIVERSITY



© Natural Resources Institute Finland

Major global challenges: Loss of biodiversity, land

degradation and climate change

Solutions 

Å Global targets

Å International agreements

Å Fair support for transition

Å Good land management practices adopted by local land owners



Forest-based climate change mitigation in the EU

Forests and wood products in the EU remove approximately 380 MtCO2eq/year (compensating 

about 10% of total annual EU greenhouse gas emissions). 

EUõs policy target for the Land Use, Land-Use Change, and Forestry (LULUCF) sector is to remove 

additional 50 MtCO2eq/year by 2030, 100 MtCO2eq/year by 2035, and 170 MtCO2eq/year by 

2050.

In the LULUCF sector croplands are emission source and under the current (till 2027) Common 

Agricultural Policy (CAP) major new instruments that enhance emission reductions are not seen 

and emissions may even increase (as has been the case in Finland). 

Thus, target of LULUCF sector should be reached by forest carbon sinks. However, there are no 

direct incentives to increase forest carbon sequestration or to reduce emissions of peatland soils.

Furthermore, analyses on the emission reduction costs are not comprehensive and itõs not seen 

which measures are cost efficient. Further analyses and cross-sectoral comparisons are needed.



Coming soon (Sept 20)ê report by EFI, Verkerk et al. 2022

Report incl. Chapter on Synergies between climate change mitigation and biodiversity



Linkages between biodiversity and climate change mitigation

Å Bi-directional synergies between measures that mitigate climate change and maintain biodiversity, 
i.e. win-win.

Å In general, actions to halt biodiversity loss generally benefit the climate (Shin et al. 2022).

Å Climate change mitigation measures that have positive effects on biodiversity, e.g.
Å Protecting carbon rich forest ecosystems from deforestation and from soil degradation

Å Forest conservation that increase average carbon stock of forest.

Å Forest-based climate change mitigation measures that focus on active management are often in 
direct or partial conflict with biodiversity goals, but positive synergies do exist (e.g., Giuntoli et al. 
2022)
Å Less frequent harvesting and greater retention of forestsõ structural elements

Å Selection and retention systems have a less severe impact on species richness than rotation forestry that 
employs clearcutting (Chaudhary et al. 2016, Paillet et al. 2010)

Å Forest stand thinning may increase diversity of plant species.

Å Lengthened rotation times will increase the availability of older trees and dead trees, both of which 
promote biodiversity ( Raniuset al. 2003; Weslien et al. 2009; Felton et al. 2016).

Å Restoration of peatland hydrology decrease GHG emissions and enhance survival of peatland 
vegetation.



Management of peatlands and 
climate change mitigation
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Soil water level affects peatland GHG emissions

ÅAverage sensitivities of peatland carbon 

emissions per 1 cm water level drawdown. 

ÅMeta-analyses by Huang et al. 2021 Nat. Clim. Chang. 11, 618ð
622 https://doi.org/10.1038/s41558-021-01059-w

https://doi.org/10.1038/s41558-021-01059-w
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GHG emissions of peat soil are dependent 

on ground water level

Avoid flooding to 

keep CH4

emissions lowLow water table: 

peat leyer

decomposes and 

yields high CO2

emissions

Ojanen et al. 2019
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Peatland forestsðsource of timber and 

greenhouse gas emissions

Å In Finland, peatland forest area 9,2 Mha, 30% of land

area, 2/3 of ecosystemcarbon.

Å 23% of forest growth

Å 75% of peatlands drained for forestry in S-Finland and 

40% in N-Finland

Å GHG emissionsof peat soils (7 Mt CO2 eq.) reduced

forest carbon sink by one quarter (forest C sink was 22,9 

Mt CO2 eq.) (year 2019)

NIR Finland 2021,https://unfccc.int/ghg -inventories-annex-i-parties/2020

https://www.luke.fi/tietoa -luonnonvaroista/metsa/suometsat/

Turunen & Valpola 2020 Mires and Peat26

Turunen& Valpola 2020. 
Mires and Peat 26. 

https://unfccc.int/ghg-inventories-annex-i-parties/2020
https://www.luke.fi/tietoa-luonnonvaroista/metsa/suometsat/
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SpaFHy ïmodel for hydrology

Å Inputs: 

ÅDaily weather data 

Å Leaf biomass -> LAI

ÅDrainage (depth & distance)

Å Soil properties (conductivity & water retention)

ÅOutput:

ÅDaily water balance

ÅDaily water table depth Launiainen et al. 2019 [https://doi.org/10.5194/hess-2019-45]

Where are peatlandôsemission hot spots
- Real management units from Metsähallitus

- 120 000 peatland forests

- Forest cover

- Drainage age

- Ditch density

- Site type
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By combining filed data and models emission 

õhot spotsõ can be located?

Lähde: Lehtonen et al. (in prep.)



In MaaTi-project detailed soil carbon stock estimates and 

fertility class estimates for peatland parcels in Finland 

Å n. 2,3 milj. ha turvemaa-alaa

Laatikainen et al. & Middleton et al. ms in preparation.  


