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Hello everyone, I'm Noe Madingou, and I'm pleased to share my research on the Vulnerability of tropical moist forests to projected climate changes in Africa. This work is part of my Phd studies at Gembloux Agro-Bio Tech, Liege University, and is part of the Canopi project. Let’s start


Rainfall (mm/yr)

Min. temperature ©C

-,

21 4

vy

+0.1°C/10 yr

201

1985 1990 1995 2000 2005 2010 2015
Year

1800 1

1600 -

1400 1

1200 -

1985 1990 1995 2000 2005 2010 2015
Year

Bush ez al. (2020) in Peet]

-

Introduction
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Warming and intensification of the dry segson in the Congo Basin
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The Congo Basin forest is facing potential threats from current and future climate change. Long-term climate observations at the Lopé site in Gabon have documented significant warming and drying trends. Recent climate observations at the Yangambi site, not only confirmed these trends but also noted to an intensification of the dry season. These climate changes are alarming signals that could affect the dynamics of the forest ecosystem.
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Africa : not reported
African tree species less vulnerable to drought ?
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In the Amazon, a decline in forest biomass has been observed, with intensification of dry season, because Drought induced trees mortality . This results in an increase in carbon loss over time. However, these two phenomena have not been reported in Africa. Is this due African tree species less vulnerable to drought, or simply to a lack of in-depth studies? 


Objective of study

Assess the climatic vulnerability of tropical moist forests across Africa

Research questions
(1) What 1s the exposure to climate change in
African tropical moist forests ?

margin

(Intrinsic) (2) What is the climatic safety margin of forest
species and communities ?

o : (3) What is the climatic risk encompassed by forest
Vulnerability (= risk
uinerability (= risk) species and communities to projected climate changes ?

Gallagher ez a/. (2019) in Scientific Reports
Esperon-Rodriguez ef al. (2022) in Nature Climate Change
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That's why, my main gool is to Assess the climatic vulnerability of tropical moist forests across Africa. To do this, I will decompose external factors, as exposure (which is the projected climate change at a specific location), and internal factors, as safety margin (which represents the magnitude of climate change a species can tolerate at a specific location without adverse impact). We specifically addressed the following questions: What is the exposure to climate change in African tropical forests. (2) What is the climatic safety margin of species and forest communities ? (3) What is the climatic risk encompassed by species and forest communities to projected climate changes ?


Methods

Species occurrence data and definition of forest communities
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To do this work, we use two types of data: first obtained data on species occurrence from the rainbio database, which covers around 89% of the known flora of the African continent. This map illustrates the evolution of data collection over time. We focused on tropical rainforests and selected only tree and shrub species. The rainforest area was divided into pixels of different sizes based on occurrence data and intersected with these data to obtain the list of species in each pixel. What we call communities. Our analyses included more than a thousand communities containing more than three thousand species.


Methods
Climatic data: Baseline and Future (2080; 5 RCMs; RCP4.5 & RCP8.5)

Mean Annual Temperature Mean Annual Precipitation Climatological Water Deficit
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We downloaded baseline and future climate data for 3 climate variables. Baseline data represent climate conditions during the period 1961-19991. For future climate data, represent projection climate conditions for 2080. We downloaded projections for 5 Regional Circulation Models (RCMs). We used median values across all 5 GCMs for all our analyses. By selecting multiple GCMs, we aimed to capture the uncertainty and variability around future climate scenarios. 


Methods

Species climatic tolerance limits
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To calculate the vulnerability metrics, we first estimated the climatic tolerance of the species for the three climatic variables studied. To do this, example of sapelli and temperature, we used all its occurrence records in Rainbio to extract temperature values and deduce the upper temperature value tolerated in its range. This was the extreme that the species can tolerate, and therefore its tolerance limit. For precipitation we selected the lower value as the tolerance limit and for water deficit the upper value.


Methods

Analytical framework: species level
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For a given species in each pixel, the safety margin is calculated as the difference between the baseline climatic condition of the pixel and the climatic tolerance of the species. Now let's assume a temperature increase in this pixel in the future. The exposure in this pixel represents the difference between future climatic conditions and the pixel’s baseline climatic conditions. Risk is assessed by comparing the margin of safety with the exposure. If the margin of safety is greater than the exposure, the species will not be considered at risk in this pixel. In this case the sapelli will not be at risk


Methods

Analytical framework: species level
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But here the sapelli will be at risk


Methods

Analytical framework: community level

Climatic safety margin, exposure and risk
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Methods

Analytical framework: community level

Climatic safety margin, exposure and risk
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Results

Exposure to climate changes

Widespread increasing temperature and variable rainfall trends with considerable uncertainty

A- Exposure to MAT increase (RCP 4.5 2080)
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D- Exposure to MAT increase (RCP 8.5 2080)
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B- Exposure to MAP decrease (RCP 4.5 2080)
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E- Exposure to MAP decrease (RCP 8.5 2080)
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C- Exposure to CWD increase (RCP 4.5 2080)
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F- Exposure to CWD increase (RCP 8.5 2080)
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As a result, we found that exposure to the increase in temperature indicates a considerable warming of more than 2 or 4 °C, depending on the scenarios. No consistent trend was found for exposure to a decrease in precipitation, and therefore, with a lot of uncertainty. We also found that water deficit is going to increase due to rising temperatures but again with a lot of uncertainty. Given the uncertainties associated with precipitation and water deficit projections, we will focus on temperature for safety margin and risk assessment.


Results Exposure to MAT increase (RCP 4.5 2080)
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If we now look at the safety margin, this histogram shows the distribution of species safety margins for temperature. On the x-axis, we see the mean values per species, with each bar representing both these values and the corresponding number of species. This visualization provides information on the current situation of species in relation to temperature. Additionally, we have identified 46 species that currently surpass their safety margin. When comparing these findings with the mean temperature exposure in the most optimistic scenario, it becomes evident that a significant number of species are projected to be at risk. At the community level, our analysis reveals that most communities are predicted to be at risk to rising temperatures, except for those situated in high-altitude regions


Take home message

(1) What is the exposure to climate change in African tropical moist forests ?

* Widespread increasing temperature and variable rainfall trends with considerable uncertainty

(2) What is the climatic safety margin of species and forest communities ?
* Some species are currently exceeding their safety margin for temperature

* Most species have a narrow safety margin for temperature

(3) What is the climatic risk encompassed by forest species and communities to projected climate

changes ?

* Most forest species and communities are projected to be potentially at risk from rising temperatures
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