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OBJECTIVES DATA & SOFTWARE

DATA SOURCE FOR THE WEB APP
MOD11A1.006 Terra Land Surface Temperature and Emissivity Daily Global 1km

1.Develop a web application powered by earth observation data that is relevant to the survival
of bees;

2.Analyzing the patterns of climate change in Europe using multidimensional raster data
obtained from earth observations;

3.Explore the possibility of integrating data sources from earth observation with crowdsourced
information from beekeepers based on the citizen science approach in the Czech Republic;

4.Evaluate the benefits and limitations of available datasets for beekeeping support.
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TerraClimate: Monthly Climate and Climatic Water Balance for Global Terrestrial Surfaces
Landsat 7 Collection 1 Tier 1 8-Day NDVI Composite
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MULTIDIMENSIONAL DATA FOR THE ANALYSIS
Copernicus Climate Change Services
MOD11

WORKFLOW

ERA5-Land monthly averaged data from 1950 to present

Land Surface Temperature/Emissivity Daily L3 Global 1km

[ Earth observations ] TerraClimate Global, high-resolution gridded temperature, precipitation, and other water balance variables

data filtering data

BEEKEEPING DATA

LS Bee colony winter loss Crowdsourced data from beekeepers in the Czech Republic (from the COLOSS survey)
maps Assessment of likely climate integration ]
[ Web application ]—» : change by multidimensional [ Beekeeping data ] """"""""""""""""""""""""""""""""""""""""""""""""""""
animations raster analysis . . . .
§ Go g|e Earth Engine Provide multi-sourced earth observation data service;
serve Support back-end computing of the web app
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eekeepers [ Regression analysis, ] ArcGIS Pro Multidimensional raster analysis;

temporal profiles analysis Visualization of the final result
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[ Beekeeping support] Integrated Development Environment (IDE) for the

development of the EO4BEE web app
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Jupyter Notebook

Maps, animations, videos, figures,
tables... demonstrating likely climate
change and its impact on beekeeping

Platform as a service (PaaS) for hosting the web app

in the cloud
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RESULT — MULTIDIMENSICNAL RASTER ANALYSIS

Trend of Annual Average Temperature

1.533e-05 (slope of trend)

Temperature zones based on yearly mean temperature (1950-1985) Temperature zones based on yearly mean temperature (1986-2021)

Trend of Annual Total Precipitation

-1.282e-05 0 2.922e-05 (slope of trend)
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TREND ANALYSIS MULTIDIMENSIONAL PCA ANALYSIS

RESULT - ECABEE WEB APP CONCLUSION

TREND ANALYSIS :’”“”; ‘x : — : u_e ° To achieve the practical goal of this study, a web application named "EO4BEE" has
> A Not secure | eodbee.herokuapp.com Guest
= been developed using the geemap Python package and the Google Earth Engine
G D LI , . Python API in Jupyter Notebook. It managed to enable the time-series visualization
EO4BEE ® Y

003155 0 004575 (slope of trend) 003272 0 002111 (slope of trend)

of earth observation variables that might have an impact on bee health based on the
implementation of a time slider, and allow users to generate timelapse to have an
overview of the changing pattern of the selected variable.

arious earth

This webapp provide a tool to vi
WANG

ion data to support the decision-making process of ing in Europe | GitHub Repo | Contact Author @Yuan

1. Select the earth observation variable that you want to explore. (See details about the data sources) (1) User guidelines

2. Select the time period that you're interested in.

3. Drag the time slider to visualize the image at a specific time which you want to investigate.

4.Click on the tool button and then the ‘' icon to inspect value at a specific location, or the plot icon to plot the change of the chosen variable over time at a specific location.
5. 1f you want to visualize the change smoothly as a gif, please use the create timelapse tool to create and download customized timelapse gif. (Go to Create Timelapse APP)

In terms of theoretical objectives, several multidimensional raster analyses have
been applied to the time series raster datasets of temperature and precipitation in
ArcGIS Pro to investigate the patterns of likely climate change, the results of which
were further integrated with bee colony winter loss data to assess the possible
impacts climate change has on beekeeping. The study area is Europe, where the
trend raster was calculated and visualized for both annual average temperature and
annual total precipitation from 1950 to 2021. The results indicated that the whole
study area demonstrated a rising trend of temperature, which provides strong

Select Layer: | Annual Average Temperature v (2) Time series visualization

Startyear: 2000 v Endyear 2022
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REGRESSICN ANALYSIS evidence for the warming of the climate, whereas the annual total precipitation didn't
show a consistent direction of change in Europe. The statistics for temperature trend
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profiles were plotted for bee colony winter losses and temperature anomalies
calculated for every year from 2012 to 2020, and similar patterns of fluctuation were
discovered from the comparison: the changing pattern of bee colony winter losses

slope of annual total precipitation trend from 2000 to 2020 slope of annual average temperature trend from 2001 to 2021

TEMPERATURE ANAMALY & ) ) o ) basically followed the evolution of temperature anomalies but with exactly one year
Regression analysis was conducted for 162 districts with delay, which indicates that high bee colony winter loss can be associated with high
BEE COLCNY LOSS valid bee colony data to explore how bee colony winter temperature anomalies.
losses are related to the temperature trend or the
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https://developers.google.com/earth-engine/datasets/catalog/MODIS_006_MOD11A1
https://developers.google.com/earth-engine/datasets/catalog/IDAHO_EPSCOR_TERRACLIMATE
https://developers.google.com/earth-engine/datasets/catalog/LANDSAT_LE07_C01_T1_8DAY_NDVI?hl=en#description
https://developers.google.com/earth-engine/datasets/catalog/COPERNICUS_CORINE_V20_100m?hl=en#description
https://developers.google.com/earth-engine/datasets/catalog/NASA_FLDAS_NOAH01_C_GL_M_V001?hl=en
https://developers.google.com/earth-engine/datasets/catalog/ECMWF_CAMS_NRT#bands
https://developers.google.com/earth-engine/datasets/catalog/COPERNICUS_S5P_NRTI_L3_SO2
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-land-monthly-means?tab=overview
https://climatedataguide.ucar.edu/climate-data/terraclimate-global-high-resolution-gridded-temperature-precipitation-and-other-water
https://lpdaac.usgs.gov/products/mod11a1v006/
https://coloss.org/projects/monitoring/
http://eo4bee.herokuapp.com/

