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Effects of Climate Change on Land Surface @EI?INE- 4#7

DLR

Global warming of surface temperatures within the last 20 years

» Europe is the fastest-warming continent

* Major impacts on e.g. vegetation
expected, especially in southern Europe

- Research gaps:

Influence of climate change on...

... individual seasons

... different regions

... vegetation types
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Source: www.worlddata.info, NASA, 2024

Heritage EO Missions and long time data series to investigate long-term impacts of climate change on
our environment

—> spatially continuous monitoring to quantify the changes of the last 40 years
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Mapping Geophysical Products over Europe
from ~40 years of AVHRR data DLR
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Sensors: AVHRR-1 (4 channels), AVHRR-2 (5 channels) & AVHRR-3 (6 channels) onboard NOAA 7 - 19
and MetOp-A, -B, & -C

Resolution: 1km (LAC + HRTP data)

Spatial Coverage: Europe and North Africa

Temporal Coverage: 1981 — 2022 (NOAA) plus 2015 — 2024 (METOP) at a daily repetition rate




TIMELINE Project @MELINE 4#7
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TIMELINE project initiated in 2013

* “TIMe Series Processing of Medium Resolution Earth Observation Data assessing Long-Term
Dynamics In our Natural Environment”

« Operational processing and data management environment to reprocess AVHRR raw data into L1b, L2
and L3 products

« Data products: NDVI, LST, SST, Snow Cover, Burned Area, Cloud Properties

‘ ~40-year time-series allowing to monitor climate-change related processes




Challenges of Processing AVHRR Data

Heterogeneous data basis with 3 AVHRR sensor generations on 15
(12 NOAA, 3 MetOp) different platforms:

= Orbit drift
—> correction of angular effects

= Different acquisition times
—> correction of angular effects
—> daytime correction for LST and cloud properties

= Missing on-board calibration plus insufficient calibration coefficients
- complex radiometric and geometric pre-processing
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(Bachmann et al. 2015; Dietz et al. 2017; Dech et al . 2021)




AVHRR Re-Processing and Harmonization

DLR
Approach TE ‘ 37
» Spectral Band Adjustment Factors (SBAFs) using HYPERION data & regression models |
» Atmospheric & BRDF correction using climatology (cooperation with Brockmann consult) g
» Radiometric harmonization of AVHRR sensors (on top of NOAA OSPO calibration factors) § ;
= Low gain: using Lybia 4, cross-check with Algeria 3 (use of PICs sites) s f
= High gain: using dark coniferous forest areas g
S
Results
» Full time series adjusted to NOAA-19 surface reflectance
SDR band 2 at Lybia-4 Harmonized SDR band 2 at Lybia-4
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IMELINE Processing
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= Fully automated processing chain

Data access
visualisation & download

transfer results regi.ls.fém = Up to now: Generation of ~ 1.5

catalogue

to DIMS

million output products with a data
volume of approx. 500 terabytes
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TIMELINE Level 3 Data @ 4#7
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Projection of the L2 products from orbit geometry into a map projection
- Lambert Azimuthal Equal Area (LAEA)

Composites: daily, 10-daily, monthly
1km spatial resolution
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Different products:

= Vegetation index NDVI
Land surface temperature (LST)
Sea surface temperature (SST)
Snow cover (SC) vt
Burned area (BA)
Cloud properties (CP) '
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NDVI

= Statistical information included
= Provided in four tiles

30°E

Extent of the TIMELINE NDVI product with tiling sheme (Source: Eisfelder et al. 2023)
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LST Trend Analysis 1986-2018

Significant Trend

DLR
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* Input data: Daytime
normalized LST data

« Trend analysis based
on monthly max LST
anomalies

Mann-Kendall test and
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(TIMELINE
Analysis of Climatic Drivers of NDVI (1989-2018)
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Climatic variable with maximum influence

BE Temperature Solar radiation No significant link
Driver analySiS BE Precipitation ~ mm Vapor pressure deficit
PCMCI* (Peter and Clark Momentary Conditional
Independence) Data base
« Determines significant causal links  TIMELINE monthly NDVI

« Detection of causal direction « ECMWF ERA5-Land reanalysis data (Eisfelder et al. 2025)
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Analysis of SST Trends between 1990 and 2022 Q“’\I”
across European Coastal Zones DLR

Spatial distribution of SST trends per month for SST Anomalies for the Adriatic Sea
the Adriatic Sea Linear trend (0.48 K/decade)
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last decade is dominated by high positive anomalies

—> contributes the most to the SST warming trends

Latitude

SST Anomalies for the Adriatic Sea
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- high trends can be seen along the Italian coast (Reiners et al. 2024)




Full Snow Cover Duration: Mean & SD (1982-2018)
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Sebastian Roessler |, Andreas Dietz 1(Presenter)
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Properties:
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Composite Type: P1M

Security constraints: No

< Data Access

Extents:

Spatial: -56.52, 24.29, 72.9, 58.96
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Conclusions

» Use of ~40 years of AVHRR data
= Europe-wide harmonized products

* 1 km resolution spatial resolution and a
temporal resolution of up to one day

* Land, sea and atmosphere products
* Free and open dissemination

* Trends and anomalies help to understand
e.g. vegetation change and dynamics
- relation to climate parameters

www.timeline.dlr.de
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Thirty-Year Analyses of Seasonal NDVI and (
Drivers Across Different Land Cover Type
Biogeographical Regions in Europe
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