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Measuring the influence of climate change on 
species’ extinction risk remains complex and 
lacks the appropriate tools [1]. We test the 
suitability of the climate niche for predicting 
the risk status of 3151 amphibian species, 
using the IUCN Red List Category as a proxy.

Main Questions 
1. Which climate variable has the most 

impact?
2. What is the role of  the climate niche in 

predicting extinction risk? 

IUCN Red List assessment
Categories and range maps
[8,011 amphibian species: 1980,  2004,  2022] [5]

ERA5 climate data 
5 Bioclimatic variables and fractions of range 
within historical niche, derived from 
Temperature, Precipitation
[1940 – today, monthly; 0.25° x 0.25° global] [3, 7]

Human Pressure variables
Cropland*, Rangeland, Pasture*, Urban 
areas*, Human population density*, Mean 
Human accessibility†

*[1980, 2004, 2021; 0.5° x 0.5° global] [2, 4] 
†[2000, 2015; 0‘00’30° x 0‘00‘30° global] [6] 

Biological traits
Habitat, Realm, Order, Body size, Breeding 
Type, Present geographic range
[Per species] [5, 8]

Random Forrest Model 

      

The climate niche describes the climatic conditions for a population required to sustain. 
We define it following Pigot et al. (2023):
Thermal limit: most extreme monthly temperature experienced by a species across its 
geographical range in historical reference period (1940 - 1970)
The climate niche is locally exceeded for an individual climate variable if it exceeds the 
species’ limit in at least 5 years within past two decades (Fig. 1)
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1. Minimal Temperature of the coldest 
month is consistently the most important 
climate variable (Fig. 3)

2. The climate niche is a more relevant 
predictor than human pressure and the 
respective climate change variables (Fig. 
3b)

(respectively for the period 1980 – 2004)
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Fig. 3: Two random forest modes with different selected variables, trained on predicting the red list changes between the 2004 and 2022 acescents.  The bar plots (a, b) show the relative 
feature importance calculated on the test set. The model performance is given by the true skill statistic (TSS = sensitivity + specificity – 1). In a), the climate variables are included as average 
changes across geographic range (2002 – 2022). In b), the climate variables are included as fraction of geographic range within climate niche. The nested plots (c, d) show partial dependence 
(mean model response between low risk 0 and high risk 1) for the most important variable MTCM: Min Temperature of Coldest Month

Fig. 1: Mean annual temperature in geographic range of New Guinean Frog. Each line refers to one grid cell (orange), some of them 
exceeding the thermal limit between 2000 and 2020 (red dotted)

Fig. 2: Spatial gridding of mean annual temperature (MAT) data 
over the geographic range map of a New Guinean Frog (yellow line)

Limitations

• Estimating climate niches from today’s 
geographic ranges may underestimate a 
species‘ true climate niche

• Possible adaption is not accounted for
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