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Trivia (example) (1’)

Which of the following statements 
is not true?

Photosynthesis 
captures C and 

releases O2

Forest 
productivity is 
dependent on 

regional 
climate

Forests 
worldwide 

net C 
emitters

Net primary 
production is 

the gross 
primary 

production 
minus the 
respiration



The most important matter in Ecology… 

Is the grey matter!

Forest C sequestration in 
Catalonia is able to fight 
climate change and 
produce biomass for energy

Catalan forests (1.25 M ha) 
uptake 1.3 tC year-1. 
In Catalonia, 7.5 M people 
release each 5.1 tC year-1.

1.6 MtC Upt. << 38.3 MtC Emi.

Gracia et al., 2010



Ecology: a matter of scale
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Adapted from Shugart et al., 2020



Having a feel on the expected values

Transpiration: 150-500 mm year-1

CO2 uptake: 1 - 5 MgC ha-1 year-1

Wood production: 1 - 8 m3 ha-1 year-1

- Production

+ Production

Gracia et al., 2010



Terrestrial C cycle globally

Le Queré et al., 2016

~ 34%
Annual global anthropic CO2
fossil fuel emissions captured 

by forests (biomass + soil)

PgC year-1



~ 10%
Worldwide forest carbon 
sink in European forests

Pan et al., 2011
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Aridity-

Units in PgC year-1 (period 1990-2007)

Gracia et al., 2010

IEFC Catalan forests

And for Europe (and Catalonia)

More carbon stocked in alpine 
and sub-humid stands



Residence 
timeNPPBiomassMean PMean TExtensionBiome

yearsKgC m-2 year-1KgC m-2m year-1°C106 Km2

18.80.8152 to 425-2710.4Tropical rainforest

10.50.626.51.5 to 225-277.7Tropical dryland

12.30.6580.25 to 110-15 
(seasonality)9.2Temperate forests

22.10.439.50.3 to 1< 5°C15Taiga
6.20.130.80.1 to 0.3< 0°C11Tundra

4.40.452
0.5 to 1.5 

(seasonality)20-2624.6Sabana

9.40.323VariableVariable15.1Steppe
3.80.080.3< 0.1variable18.2Desert

Productivity and biomass at the different biomes

Strasburger, 2002



From where it comes such production?
How do we measure it?

Actually, what is 
considered to be a 

forest?



FAO: “Land spanning more than 0.5 hectares with trees higher than 5 
meters and a canopy cover of more than 10 percent, or trees able to reach 
these thresholds in situ. It. does not include land that is predominantly under 
agricultural or urban land use.”

DIEC-2: “Place populated by trees”

Ministerio de Medio Ambiente y Medio Rural y Marino: “Forest surface is 
considered the land populated by forest tree species and whose dominant 
canopy cover (FCC) is more than 10%. It consists of: (i) woodland - land with 
trees whose FCC> = 20%; (ii) sparse woodland - 10% = <FCC <20%. It also 
includes land with scrub or grassland species dominant plant natural expression, 
but a FCC of between 10% and 20%.”

Forest = Trees + Cover + Surface

Forest definition



How to measure forest productivity?

Source: NASA

Source: Apostol et al., 2018 (Annals of Forest Research)

Satellite observations
(e.g. LANDSAT missions)
- Fine resolution
- Based on proxies

Forest inventories
(e.g. NFI’s)
- Coarser resolution
- Based on measurements



Field measurements of biomass and productivity (I)

First, we need to simplify
what a tree is

Then we measure the
simplified units



Field measurements of biomass and productivity (II)

Circular section of a tree stem (P. sylvestris, Prades, NE Spain, 2022)

Bark Phloem

Meristem Sapwood

Cell division

DBH



Biomass or carbon stock: ௡ ௡
௡
௜ , where “n” are the different 

diameter classes. To obtain the carbon, we multiply by 0.48 gC gOM-1, a 
conservative estimate.

Field measurements of biomass and productivity (III)

Biomass production: Obtained from diameter increases, it is calculated as 
௡ ௡

௡
௜ , where “n” are the different diameter classes.

Allometric relationship for Pinus sylvestris in Prades (2022)

t1
t2

t1Wood = 0.5146*302.0721 = 510 dm3 tree-1

t2Wood = 0.5146*352.0721  = 700 dm3 tree-1

Wood = (t2Wood - t1Wood)/(t2-t1)= 19 dm3 tree-1 year-1

t2 – t1 = 10 years; n = 400 trees ha-1

Wood,forest = 19 dm3 tree-1 year-1 * 400 trees ha-1 =

= 7600 dm3 ha-1 year-1 = 7.6 m3 ha-1 year-1



Forest national inventories

- Repeated forest inventories in time and at the same place
- Time- and effort-demanding
- Good overview of the national stocks

Elena Robla, 2019 (MITECO) 



LIDAR measurements of biomass and productivity

Lenoir et al, 2022 (J. Ecol.)

- Higher temporal and 
spatial resolution.

- Possibility to reach non-
accessible regions.

- Use of proxies to 
estimate the indexes.



Do the methods agree?

p < 0.01
r = 0.55

LANDSAT 
(Satellite)

NFI tree mort.

Nadal-Sala et al, in prep.

Quite well, it seems!



Trivia (1’)

Which of the following statements 
is not true?

Forest 
capture 
~34% of 

human GHG 
emissions 
annually

Forests in 
cold climates 

have the 
slowest C 
turnover 

rates

Average 
Catalan 

forests’ C 
stock is ~ 
40 tC ha-1

Forest 
National 

Inventories 
occur once 

per year



Environmental drivers 
of forest productivity



Light availability constrains to productivity

Irradiance



Low water availability constrains productivity

Drought stress
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Pinus sylvestris

Gattmann et al., 2022

Schlesinger, 2000
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Temperature constrains to productivity

Yamory et al. 2013



Limiting factors over forest productivity

Yatir, semi-arid, Israel

Hyytiala, boreal, Finland

Water availability

Radiation

Temperature

VPD

Google maps

Google maps

Nadal-Sala et al., 2021



Limiting factors over productivity worldwide

Churkina and Running, 1998



Churkina and Running, 1998

Mediterranean

Tropical
Boreal
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Note the climate 
combinations that make 
productivity impossible

Limiting factors over productivity worldwide



Regional adaptations



Structural adaptations to environmental drivers

Tropical rainforest

Temperate 
forests

Boreal forests

Leaf surface Stratum LAI P B P/B

++ ++ ++ ++ ++ +

+ + + + + ++

- - - - O -

Water + Temperature + Radiation

Moderate water + T seasonality + Q seasonality

Water + T limitation + Q limitation



And in the Mediterranean

Deciduousness
Sclerophyll leaves
Resistance forms (e.g. resprouters)
Mid-to-low LAI
Low productivity
Mid-to-low biomass

Sabaté & Gracia (2011)



Trivia (1’)

Which of the following statements 
is true?

Mediterranean 
forests are 

mostly limited 
by energy 
availability

Boreal 
forests have 

high 
productivity 

and high 
respiration

Low water 
availability 

limits forest 
productivit

y

Photosynthesis 
optimum in C3 
plants occurs 
around 15 °C



Assessing forest dynamics over time



Forest dynamics span larger than a lifetime

So we need to accelerate the process… MODELS!



And what simulation models actually are?

Music

Engines

Crank

Dantas de Paula et al., 2021

Input conditions

Projections

Equations



Turner, 2014

Meadows et al., 1972

Example: The Limits to Growth

Dr. Donella Meadows
MIT. Lead author of “The limits to growth”
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