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Constraining Phenology

Abstract
This project aims to understand the response 
of leaf phenology to environmental factors in 
different regions and plant functional types 
using machine learning and long-term 
satellite observations. We aim to accurately 
predict the timing of phenological events 
and improve our understanding of terrestrial 
ecosystem response to climate change.

Motivation 
The timing of leaf growth and decay is a 
significant indicator of climate change 
and plays a major role in controlling plants' 
carbon uptake. However, predicting leaf 
phenology is challenging as it is influenced 
by various climate factors (temperature, 
radiation, precipitation) and biotic factors.

Figure 1: Changes in plant phenology: drivers, implications and challenges (Zhou, 2022)

Next Steps
● We aim to explore improvements 

added by meta-learning across 
climate and plant functional types. 

● We will also explore new attention 
mechanisms and assess their 
strength compared to simple LSTM

● We then will test the model offline, 
in the Community Land Model for 
long-term simulations, and in 
fully-coupled runs coupled to the 
atmosphere. 

Expected Results
High temperatures/low precipitation 
correlate with a delayed end of 
season in cold climates. In arid 
ecosystems, it is linked to an early 
EOS. (Zhang et al., 2020)

Data Sources 
We utilize climate records and satellite 
observations of contiguous solar-induced 
fluorescence (CSIF) from the Moderate 
Resolution Imaging Spectroradiometer 
(MODIS). CSIF has been shown to be 
effective in monitoring phenological changes 
across various radiation, temperature, and 
water stress conditions. (Zhang et al., 
2020)

Figure 1: Plant growth cycle in temperate and boreal 
zones  (Fu et al., 2019) 

Figure 2: Correlation between CSIF derived EOP 
and temperature and precipitation (Zhang et 
al., 2020)

Methods
● We use machine learning models 

with memory to account for the 
importance of days under/below a 
threshold in leaf phenology. SVMs 
have been found effective in 
thresholding (Zhang et al. 2020), 
so adding temporal recurrence is 
expected to improve predictions. 

● We fit a Long-Short Term Memory 
model across plant functional types 
as different classes.

● We define climate classes based 
on vegetation index and climate 
data using clustering algorithms as 
opposed to empirical classification 
like Köppen's, which uses broad 
averages that do not reflect recent 
climate changes.

30 climate classifications after k-means clustering.

Köppen–Geiger classification of the present climate.

Figure 2: Data-Driven versus Köppen–Geiger 
Systems of Climate Classification (Lasantha et 
al., 2022)
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