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1. Executive summary

In this deliverable we successfully developed an open-access online mapping portal that integrates
and synthesizes the outcomes from WP2, WP4, WP5, and WP6 of the UPSCALE project. The results
are presented as interactive thematic maps, enabling dynamic visualization and exploration of key
findings.

Regional maps showcasing bioclimatic, biophysical, and land use conditions across Ethiopia, Kenya,
Uganda, Rwanda, and Tanzania have been generated. These maps combine data on land use,
vegetation, soil, and climatic variables, serving as the basis for simulating the effectiveness of push-
pull technologies. This analysis identifies priority target areas for future implementation and supports
strategic decision-making for scaling up push-pull systems.

Detailed, high-resolution (1-3 meter) land use / vegetation maps were developed for focal regions
where such data was previously unavailable. These maps are crucial inputs for landscape ecological
analyses conducted in WPs 2-4, providing unprecedented spatial detail for evaluating ecosystem
dynamics and agricultural practices. These fine-scale maps were compiled, aggregated, resampled,
and optimized for seamless online visualization and exploration.

Furthermore, thematic maps reflecting sociological and socioeconomic aspects, such as population
density, education levels, economic indicators, agroecological zones, and farming systems, were
produced. These maps play a critical role in multi-criteria decision-making by incorporating drivers and
barriers of push-pull technology (PPT) adoption identified by farmers. The inclusion of this sociological
data allows for the creation of country-specific PPT suitability models tailored to local conditions.

Push-pull effectiveness was evaluated based on 3 critical metrics: crop yield increases, increases in the
abundance of beneficial arthropods as an indicator of biodiversity and ecosystem health, and
reductions in leaf damage between push-pull and non-push-pull plot pairs. Quantitative data from
field campaigns under WP2 and WP4 were integrated and visualized as online maps, offering
actionable insights into the system's performance. Moreover, model-predicted mean percentage of
yield increase was mapped in west Kenya, for both long and short rainy seasons. Striga occurrence
map in west Kenya offers further insight into potential regions where PPT could be most effective.

The interactive nature of the online mapping portal allows users to overlay and freely combine these
maps, facilitating a deeper understanding of push-pull technology’s upscaling potential, adoption
barriers, and opportunities across East African regions. The open-access nature of the portal
significantly broadens the audience, promoting awareness and encouraging further applications of the
push-pull farming system.

All datasets used to produce these maps are stored in the UPSCALE project database (will be archived

in the Zenodo repository and become open access once they are finalized) and linked to the mapping
portal via DatasetID. This ensures traceability and accessibility of the underlying data. Together, these
datasets and maps provide not only visual and quantitative evidence of push-pull effectiveness but
also comprehensive recommendations for targeted upscaling under diverse agricultural,
socioeconomic, and climate scenarios. This deliverable represents a critical tool for fostering
sustainable intensification and resilience in East African agriculture.

UPSCALE
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2. Establishment of interactive online mapping platform

An  online interactive GIS mapping platform  (https://www.upscale.biozentrum.uni-

wuerzburg.de/GIS/Geoportal.aspx) was developed by UWUE and established online in August 2022.

Initially (August 2022 — September 2023) we used Leaflet to create the mobile friendly interactive
maps. Leaflet (https://leafletjs.com/) is an open-source JavaScript library, lightweight and works

efficiently across all major platforms. We chose OpenStreetMap (https://www.openstreetmap.org) as

our background map, overlayed our geospatial data in the format of GeoJSON (https://geojson.org/).

GeoJSON is a popular geospatial data interchange format based on JavaScript Object Notation (JSON).
This user-friendly interactive map allows users to click, zoom, pan, turn layers on and off, overlay maps
on top of each other to interact with various spatial datasets on the map. These capabilities facilitate
extensive data exploration and integration with multiple spatial data, promoting an enriched
comprehension of spatial relations and patterns at a broader geographical scale.

Nonetheless, the utilization of GeoJSON files as a solution lacks inherent security measures, rendering
the geospatial data susceptible to unauthorized downloading and potential misuse. Consequently, we
have set that the GIS function is only accessible to authorized logged-in users in the UPSCALE database,
which strongly limits the audience of the online map. Therefore, we have undertaken a
reconfiguration of the online GIS functionality by implementing Geoserver to generate Web Map
Service (WMS) offerings, thus establishing a more secure and controlled data dissemination
mechanism. Geoserver (https://geoserver.org/) is an open-source software implementing the Web

map Service (WMS) standard. The reprogrammed online GIS platform is openly accessible without any
barriers thus guarantees a global reach. The reprogrammed GIS platform has been online since
September 2023.

We are currently offering 4 types of background map for better visualization and navigation namely:
open street map, satellite images, hill shade for terrain visualization, as well as grey map that offers
neutral background so that the colour of the overlaid GIS maps are not affected.

The platform offers the following GIS layers:

=

UPSCALE study plots as spatial vector features
Baseline survey household as spatial vector features
Spatial reach of knowledge centres and seed merchants as spatial vector features
Push-pull farms in the studied region as spatial vector features
Studied push-pull regions as spatial vector features
Mean annual temperature as raster coverages
Soil fertility categories as raster coverages
Mean annual precipitation as raster coverages
No of growth seasons as raster coverages
. Drought severity categories as raster coverages
. Population density as raster coverages
. Agro-ecological zones as raster coverages
. Education level (literacy rate in male, female, youth, adult) as spatial vector features
. Real GDP growth in 2020-2024 as spatial vector features
. Land cover as raster coverages
. Detailed vegetation cover of regions in Rwanda, Uganda, Kenya, and Tanzania as raster
coverages
. Detailed vegetation cover in 2 km buffer around study plots in Rwanda, Uganda, Kenya,
Tanzania as raster coverages
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18. Yield increase PP vs non-PP in season A and B respectively as spatial vector features

19. Increase of beneficial arthropod abundance (including predator and decomposer
communities sampled by pitfall traps) in PP vs non-PP in season A and B respectively as
spatial vector features

20. Leaf damage decrease in PP vs non-PP in season A and B respectively as spatial vector
features

21. Mean predicted percentage increase in yields with short/long rain as raster coverages

22. Striga occurrence map as spatial vector features

The concise and intuitive User Interface (Ul) of the online map adapts to Responsive Web Design
(RWD) to ensure optimal viewing and interactive experience across a wide range of devices, from
desktops to smartphones, see Figure 1. Details of displayed geospatial data can be found in Chapter
3. Additional layers, such as soil water holding capacity (ISRIC, 2015), are being produced by D5.4 and
made available at present, based on biophysical and socioeconomic information (FAO, 2020) that can
guide targeting further PP adoption (D5.4 in UPSCALE project).

Note that many of the available layers extend far beyond the UPSCALE study areas to cover the area
of all five UPSCALE countries, thus representing an invaluable synthetic and easily accessible resource
for agroclimatic and socio-economic analyses in general across the East African region.
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Figure 1: User Interface (Ul) of UPSCALE interactive online map. Sites in Rwanda and Ethiopia are
not shown.
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3. Geovisualisation of regional biophysical, climatic, land
use, farming systems, and socioeconomic conditions in
relation to Push-Pull application

3.1 List of key variables related to PPT application

The adoption of Push-Pull Technology (PPT) is shaped by a combination of biophysical and climatic
conditions, agricultural and farming systems, socioeconomic and market dynamics, and knowledge
extension and service support, as highlighted in literature research and farmer consultations (Adesina
et al. 2023, D5.5 in UPSCALE project, D6.1 in UPSCALE project 2022, D7.1 in UPSCALE project 2024).
Soil fertility, climate variability, and pest pressure influence its effectiveness, while land ownership,
farm size, and cropping systems determine how well it integrates into existing farming practices.
Socioeconomic factors such as education, financial stability, and social networks affect farmers'
capacity and willingness to adopt PPT. Market access, including credit, input availability, and output
opportunities, further impacts feasibility. Strong extension services and institutional support play a
crucial role in knowledge dissemination and farmer engagement (D6.1 in UPSCALE project 2022, D7.1
in UPSCALE project 2024). A detailed list of relevant variables is collected by WP5 and presented
below.

Table 1: Biophysical and climate conditions related to PPT effectiveness

Variable Source Comment

Soil fertility levels Adesina et al. 2023

Soil erosion D5.5 in UPSCALE Degree of soil erosion in
project average farmed field

Crop yield gap D5.5 in UPSCALE Average gap to crop yield
project under optimal agronomic

management

Temperature, rainfall, and dry spells D5.4 in UPSCALE From Clough et al. in prep. and
project Luttermoser et al. in prep

Presence of Striga spp. Kimathi et al. 2023

Stemborer pressure D5.4 in UPSCALE
project

FAW pressure D5.4 in UPSCALE
project

Open grazing / land is communal D5.4 in UPSCALE

outside the growing season project

Perception of constraints and severity | Adesina et al. 2023
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Risk averseness

Adesina et al. 2023

Associated with age in the
literature

Average plot sizes in the region

D5.4 in UPSCALE
project

Very small = high land
pressure, very large =
commercial farms, i.e., also
possible but not necessarily for
the current PPT model

Table 2: Agricultural and farming systems related to PPT adoption

Variable

Source

Comment

Land ownership

Adesina et al. 2023

Total amount of farmed land

Land holding size

D5.5 in UPSCALE project

Total amount of farmed land

Farm size

Adesina et al. 2023

Total amount of farmed land

Livestock (unit) ownership

Adesina et al. 2023

Total amount of production
from livestock

Land under PPT

D5.5 in UPSCALE project

Amount of land on which PPT
is practiced

Land under agroforestry

D5.5 in UPSCALE project

Amount of land on which
agroforestry is practiced

Land for cereals

D5.5 in UPSCALE project

Amount of land on which
cereals are grown

Land for fodder crops

D5.5 in UPSCALE project

Amount of land on which
fodder crops are grown

Crop production

D5.5 in UPSCALE project

Total amount of crop produced

Fodder production

D5.5 in UPSCALE project

Total amount of fodder
produced

Livestock production

D5.5 in UPSCALE project

Total amount of production
from livestock

Irrigation

D5.5 in UPSCALE project

Degree of irrigation in farmed
fields

Crop rotation practices

D5.4 in UPSCALE project

Agricultural intensification

D5.5 in UPSCALE project

Degree of external input use in
farming

Other forms of ecological
intensification

D5.4 in UPSCALE project

e.g., agroforestry, erosion
control
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Table 3: Socioeconomic and market factors related to PPT adoption

Variable Source Comment

Age Adesina et al. 2023 Age is often used as a proxy for
experience

Gender Adesina et al. 2023 Gender of participants or

household head

Educational level

Adesina et al. 2023

Marital status

Adesina et al. 2023

Household size

Adesina et al. 2023

Household size is sometimes
used as a proxy for labour
availability

Household income

Adesina et al. 2023

On and off-farm income

Off-farm income

D5.5 in UPSCALE project

Total income from off-farm
activities

Poverty status

D5.5 in UPSCALE project

Distance from socially
acceptable standards of living

Food security

D5.5 in UPSCALE project

Proximity to food access
required for a productive and
healthy life

Social or agricultural group
membership

Adesina et al. 2023

Networks of relationships
among people who live and
work in a particular society,
enabling that society to
function effectively

Social capital/networking

D5.5 in UPSCALE project

Networks of relationships
among people who live and
work in a particular society,
enabling that society to
function effectively

Flexibility for subsistence
sources

D5.5 in UPSCALE project

Extent of alternative sources of
subsistence

Access to credit

Adesina et al. 2023

Access to input market

Adesina et al. 2023

Degree of access to markets
for agricultural inputs

Input market access

D5.5 in UPSCALE project

Degree of access to markets
for agricultural inputs

Output market access

D5.5 in UPSCALE project

Degree of access to markets
for agricultural outputs
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Seed/seedling price

D5.5 in UPSCALE project

Average price of farmed crop
seeds/seedlings

Financial investments in
agroecology

D5.4 in UPSCALE project

Value chain
integration/development

D5.5 in UPSCALE project

Extent and integration of value
chain for agricultural products

Table 4: Knowledge extension and service Support as drivers of PPT adoption

Variable

Source

Comment

Access to extension and training
services

Adesina et al. 2023

Access to extension services

D5.5 in UPSCALE project

Degree of access to extension
services

Technology dissemination pathway

Adesina et al. 2023

Farmer teachers/volunteer
trainers/community leaders

D5.5 in UPSCALE project

Degree of involvement of
farmer teachers/volunteer
trainers/community leaders

Extension inclusivity

D5.5 in UPSCALE project

Degree of farmer inclusivity of
extension services

services

Integration of specialized extension

D5.5 in UPSCALE project

Degree of integration of
specialized extension services
into a single package

Trust in extension services

D5.5 in UPSCALE project

Average degree of farmers'
trust in extension services

Institutional support for ecological
intensification through agroecology

D5.4 in UPSCALE project

Centralized vs decentralized
governance structures

D5.4 in UPSCALE project

Cooperation and collaboration
of investors

In Deliverable D5.4 (D5.4 in UPSCALE Project, not published; planned June 2025), the drivers and
barriers influencing the adoption of PPT by farmers will be ranked in order of importance based on

the results from baseline and mid-line surveys. These rankings will form the basis for developing

country-specific models of PPT suitability. To achieve this, we are collecting spatial data of varying

extents and resolutions for variables that serve as proxies for the identified drivers and barriers of PPT

adoption. These variables will be selected from the preliminary list of determinants of PPT suitability,

as outlined in the tables above.

Using these models, we will rank areas across East Africa to assess their suitability for upscaling PPT.

This ranking will be determined by evaluating the alignment between the country-specific PPT

suitability models and the spatial data of proxy variables. Areas where the variables closely match the

11
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drivers of PPT adoption in the respective country’s model will be deemed more suitable for PPT

upscaling. Conversely, areas where the variables align more closely with the barriers to PPT adoption
will be considered less suitable for scaling up the technology.

While the results from D5.4 are not yet finalized, they will be visualized on the online mapping portal
once available, providing a clear and accessible representation of the suitability rankings for PPT
upscaling across East Africa.

3.2 Geovisualisation of climatic conditions

Climate conditions have a direct influence on agriculture productivity (IPCC, 2012). On a global level,
interannual climate variability is responsible for approximately 30 % of the year-to-year variability in
crop yields (Lobell & Field, 2007), but the influence of interannual climate variability reaches up to
60 % of the yield variability in regions in East Africa (Ray et al., 2015; Frieler et al., 2017, Goulart et al.,
2021). Whether current agricultural practices and their adaptations to climate change will provide
food security in the future, are urgent questions, particularly for developing countries, which will likely
be affected the most by the climate crisis (IPCC, 2022). In UPSCALE Deliverable 5.3 our model
prediction suggests higher mean temperature and rainfall values, as well as higher climate extremes
by the end of the 21st century, are likely to reduce soil fertility, due to soil erosion and loss of organic
carbon. Thus, we visualized 3 most impactful climatic variables as drivers of PPT resilience to climate
change, namely temperature, precipitation, and droughts severity (D5.3 in UPSCALE project, 2023).

We have used annual mean temperature from 1970 - 2000 as a raster with 30 seconds resolution from
WorldClim 2 (Fick & Hijmans, 2017). We categorized the raster map into 8 classes (in °C): 0 - 10, 10 -
15,15-17,17 - 20, 20 - 22, 22 - 25, 25- 28, 28+. We applied annual mean precipitation from 1970 -
2000 as a raster with 30 seconds resolution also from WorldClim. We classified 5 classes (in mm): O-
25, 25-50, 50-75, 75-100, 100+. The resulting thematic maps show a nice climatic gradient of UPSCALE
countries.
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Figure 2: Thematic maps of annual mean temperature and precipitation gradients
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FAO 2023 highlights that Droughts alone caused over 65 percent of losses in the agriculture sector,

translating to an estimated $3.8 trillion worth of crops and livestock production lost in the last 30 years
(FAO, 2023). Therefore, we have selected drought severity as the variable for climate extremes for
visualization of major drivers of agricultural losses. The drought map is derived by UWUE in 2021 using
250-meter Terra Moderate Resolution Imaging Spectroradiometer (MODIS) Vegetation Indices
(MOD13Q1) Version 6 at USGS ERQOS Centre (Didan, 2015) and depicts drought severity of the UPSCALE
countries. To address computational constraints inherent in web-based visualization interfaces, high-
resolution geospatial datasets were down-sampled to a 1 km spatial resolution to optimize real-time
rendering capabilities. The original full-resolution data are retained in the UPSCALE project repository
(DatasetID 10320) to preserve the data’s accuracy for detailed analysis and enable future researchers
to conduct in-depth studies. 6 classes of drought severity are presented: extreme decrease in
vegetation, strong decrease in vegetation, decrease in vegetation, increase in vegetation, strong
increase in vegetation, extreme increase in vegetation.
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Figure 3: Thematic map of drought severity
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3.3 Geovisualisation of biophysical conditions

We have identified soil fertility—the inherent ability of soil to provide essential nutrients, minerals,
water, and air to plant roots in optimal amounts—as a key biophysical driver of agricultural
productivity and sustainable farming. Fertile soil is fundamental to ensuring a consistent nutrient
supply, promoting healthy plant growth, and sustaining long-term crop yields, making it indispensable
for resilient and productive agricultural systems. The soil fertility class is calculated based on the soil
types from the soil maps from Soil Atlas of Africa (Jones et al, 2013). Detailed methodology is described
in the Soil Atlas of Africa (partl, page 45), indicating that the soil quality is calculated from the
Harmonized World Soil Database (FAO/IIASA/ISRIC/ISSCAS/JRC, 2012) while the topography and slope
information were derived from the SRTM database (Shuttle Radar Topography Mission 1 Arc-Second
Global). 5 soil fertility categories are visualized in thematic map (see Figure 4).

Based on our findings in UPSCALE (D2.2 in UPSCALE Project, 2024), we expect that PPT is suitable
similarly across all soil fertility categories covered by our sites. However, regional soil conditions
remain interesting for local farmers to expand their farmland and apply further PPT practices.
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Figure 4: Thematic map of soil fertility
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3.4 Geovisualisation of land use conditions

Landscape context plays a significant role in farming as it influences agricultural productivity,
ecosystem services, and sustainability. Land use directly impacts farming outcomes by affecting water
availability, pest and disease pressure, nutrient cycling, and crop yields. To visualize the land use
condition in UPSCALE, we have extracted the land use maps of the 5 UPSCALE countries from the ESA
World Cover map 2021 (Zanaga et al., 2021) with 10-meter resolution and 10 distinct land cover types
(tree cover, shrubland, grassland, cropland, built-up, bare/sparse vegetation, snow and ice,
permanent water bodies, herbaceous wetland, mangroves). We have down-sampled them to a 1 km
spatial resolution for geovisualisation at the online map portal to optimize real-time rendering
capabilities. As highlighted in the UPSCALE project’s findings (D2.2, 2024), PPT proves to be
consistently suitable across the entire range of grassland gradients examined in our study sites.
However, regional land-use conditions remain a key focus for further agroecological research,
particularly in understanding how factors such as water availability and nutrient cycling shape system

dynamics.
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Figure 5: Thematic map of land cover
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Although the land cover map is high resolution (10 m), it lacks the vital vegetation information which
aids in understanding important societal topics such as food security and agricultural resource
management. Therefore, in D5.1 (D5.1 in UPSCALE Project, 2022) UWUE has developed high-
resolution land use / vegetation maps of the focal study areas (DatasetID 11800, 11840, 12120,
12880). The generation of these classification maps follows two main approaches: 1. Field campaign

allowing training and ground-truthing of LULC remotely sensed data, and 2. Remote sensing satellite
image processing. Field campaigns in Rwanda and Uganda were conducted in June 2022, during the
long rainy season, which enabled the detection of most crops at their peak vegetative stage. The
campaign in Tanzania took place in February 2023, followed by Kenya in May 2023. Due to civil unrest
in Ethiopia at the time, the field campaign there was not directly carried out by UWUE. Instead, a
workshop was organized in Addis Ababa in March 2024, where UWUE trained field assistants in
collaboration with the Ethiopian partner. These trained assistants subsequently conducted the field
campaign. High-resolution optical satellite imagery from ESA’s Sentinel-2 and Planetscope were
selected from the period March 2022 —July 2022. This ensured that the imagery matches the time our
training data was collected. Most common land cover types were identified with the assistance of
local farmers, officials and scientists. In total, 28 most common land cover types were identified in
study regions in Uganda, Rwanda, Kenya, and Tanzania. Resolution of these vegetation maps is
between 1 - 3 meters; in D5.2 we have down-sampled them to a 10 m spatial resolution to optimize
real-time rendering capabilities of the geoportal (layer Kenya vegetation, Tanzania vegetation,
Rwanda vegetation, Uganda vegetation). We have further harmonized these vegetation maps into
2km buffer around study plots using standardized land use classification (layer Vegetation details) as
shown in Figure 6.
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Figure 6: Thematic map of detailed vegetation cover around study plots. These are harmonized to
a standard classification and resolution in 2km buffers around study plots for illustration purposes.
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H2020-SFS-2019-2: UPSCALE GA No. 861998 D5.2 Interactive online map
The full extent land use maps for focal regions in each UPSCALE country can be accessed via the
geoportal.

3.5 Geovisualisation of agriculture and farming system

UPSCALE countries are part of the East African Community (EAC) partner states, where more than 70%
of the industries are agro-based. The agricultural sector is dominated by smallholder mixed farming
of livestock, food crops, cash crops, fishing and aquaculture. The major food crops are maize, rice,
potatoes, bananas, cassava, beans, vegetables, sugar, wheat, sorghum, millet and pulses (EAC, 2025).
Farming system strongly depends on biophysical conditions with key factors of agro-ecological zones
and growth season. We have extracted our agro-ecological map from Agro-Ecological Zones for Africa
South of the Sahara from International Food Policy Research Institute (HarvestChoice & IFPRI, 2015)
and visualized it into 8 distinct classes (see Figure 7).
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Figure 7: Thematic map of agro-ecological zones

We have used the phenology data from ASAP - Anomaly Hotspots of Agricultural Production from EU
Science HUB (ASAP, 2025). The mean growing season period is defined by a satellite-derived
phenology computed on the long-term average of 10-day MODIS/VIIRS FPAR data. Data preprocessing
was done with an improved version of the filtering algorithm of Klisch and Atzberger (Klisch &
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Atzberger, 2016) starting from MCD15A3H (MODIS), VNP15A2H (Suomi-NPP satellite) and VJ115A2H
(NOAA-20 satellite) global data at 500 m spatial resolution.
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Figure 8: Thematic map of the number of growth seasons

Over the last two decades, the push-pull technology has been widely tested in the maize-mixed
farming system in East Africa and commercial sugarcane farms in South Africa. Although different
generations of this technology were evaluated and their scientific underpinnings well-documented,
adoption by farmers is scattered and uneven among different regions (D6.1 in UPSCALE Project, 2022).
The UPSCALE national partners selected the regions in county level where push-pull has been
relatively widely applied. The farmers who perform PPT have been identified in the region, and they
have provided the geolocation of their PPT farms. The PPT region and PPT farms are visualized online
as vector layers.
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Figure 9: Online map of Push-pull region and Push-pull farms reported by local farmers

3.6 Geovisualisation of socioeconomic conditions

The adoption of agricultural technologies is crucial for improving food security and livelihoods,
especially in regions like Africa, where smallholder farmers play a dominant role. PPT presents a
promising approach to sustainable pest control in cereal production. However, several socioeconomic
barriers, including gender, age, education, income, household size disparities, limit its widespread
adoption (D7.1 in UPSCALE Project, 2024).

Using panel data collected at baseline and midline stages in Kenya, Ethiopia, Rwanda, Tanzania, and
Uganda, the UPSCALE D7.1 examines PPT adoption patterns. The findings reveal that older farmers,
particularly women, are more likely to adopt PPT, with factors such as education level and household
size influencing their decisions. Thus, in D5.2 we have identified population density and gender and

age-based education level as main socioeconomic drivers for Push-pull expansion. We have extracted
the UPSCALE countries from the Gridded Population of the World - Population Density (Centre for
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International Earth Science Information Network-CIESIN-Columbia University, 2017) and classified it
using 5 classes (number of persons per square km): 0 - 100, 100 - 1.000, 1.000 - 10.000, 10.000 -
100.000, 100.000 - 152.000, see Figure 10.
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Figure 10: thematic map of population density

We have chosen literacy rates in adult female/male (percentage of the ones ages 15 and above),
youth female/male (percentage of the ones ages 15 -24) to capture gender, age, and educational
disparities. Literacy data is extracted from Education data from World Bank Group (The World Bank
Group, 2025). World Bank data on education are compiled by the United Nations Educational,
Scientific, and Cultural Organization (UNESCO) Institute for Statistics from official responses to
surveys and from reports provided by education authorities in each country. Due to data gaps, the
survey data from each country comes from different years. We have extracted the latest data from
each country: male data from Ethiopia is from 2017, female data from Ethiopia is from 2019, data
from all other countries is from 2022.
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Figure 11: thematic maps of literacy rate of adult and youth female and male
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3.7 Geovisualisation of market factors

Market factors such as access to credit and extension services were found by D7.1 as key drivers to
facilitate PPT adoption (D7.1 in UPSCALE Project, 2024). These economic activities are directly
correlated to Gross domestic product (GDP), which is the most commonly used single measure of a
country’s overall economic activity. It represents the total value at constant prices of final goods and
services produced within a country in one year (World Economic Outlook, 2024). We have collected
the real GDP growth (annual percent change) of UPSCALE countries from 2020 to 2024 from the
International Monetary Fund (IMF) (International Monetary Fund, 2025) and visualized them as online
maps. We have classified the GDP growth into 8 categories: < -2%, -2% - 0%, 0% - 2%, 2% - 4%, 4% -

6%, 6% - 8%, 8% - 10%, > 10%.
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Figure 12: thematic maps of real GDP growth from 2020 to 2024

3.8 Geovisualisation of knowledge extension and service support

It was revealed in D7.1 that challenges such as limited seed availability and knowledge gaps continue
to hinder broader implementation of PPT (D7.1 in UPSCALE Project, 2024). Uneven distribution of seed
merchants and knowledge centres remain a bottleneck for promoting PPT. The UPSCALE national

partners have collected detailed spatial data on seed merchants and knowledge centres, which will

help identify and address gaps in the expansion of PPT. They are visualized as vector layers on the

online map (see Figure 13).
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Figure 13: Distribution of knowledge centres and seed merchants for visualisation of Push-pull
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4. Geovisualisation of the effectiveness of Push-Pull based
on empirical datasets

4.1 Geovisualisation of the effectiveness of PPT on crop yield,
arthropod abundance, and leaf damage

The effectiveness of an agricultural system can be evaluated based on several key factors, including
its productivity and resilience against disturbances (Foley et al., 2011; Tscharntke et al., 2012). Based
on empirical data from WP2 and WP4, we have selected crop yield to measure productivity of PPT
compared to conventional farming, beneficial arthropod community abundance to assess
biodiversity status and ecosystem health under conventional and PPT farming systems, and pest leaf
damage percentage to evaluate resilience against pest damage (D2.2 in UPSCALE project, 2024; D4.1
in UPSCALE project, 2025). We compare results from Push-Pull fields with non-Push-Pull fields within
the same cluster, i.e. within an area of 40 m from each other (see D4.1, D4.2 for details on the sampling
design and arthropod sampling methods in each field). The differences in values are interpreted as
yield increase, beneficial arthropod abundance increase, and reduction of leaf damage by herbivorous
pests attributable to PPT effectiveness. To account for seasonal variation, we analysed and visualized
the results separately for Season A (from March to June 2022) and Season B (from September 2022 to
January 2023).

For crop yield, we calculated the difference in the mean dry weight of a single cob (g) between push-
pull (PP) and non-push-pull (NPP) fields. This difference, referred to as yield increase, is positive when
PP fields have higher yields and negative when yields are lower. Visualization follows a 10-category
scale, with blue indicating a decrease and brown an increase, with greater saturation representing
larger differences (see Figure 14).
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Figure 14: Geovisualisation of Push-pull effectiveness based on yield increase in UPSCALE study
plots

D5.2 Interactive online map

For beneficial arthropod community abundance, we determined the seasonal difference in the total
number of arthropods sampled using pitfalls traps, between PP and NPP fields. Negative values
indicate fewer arthropods in PP fields, while positive values indicate a higher abundance. Visualization
also follows a 10-category scale, where blue represents a decrease and green an increase, with

saturation corresponding to the magnitude of change (see Figure 15).

_'./I S . Sabatia
,"/ e .I f_:;- Khwisero 5|ga|ag£|_l.:_'| . |
o ndi L b
- 4 Tl L ™ rJ
. £ Tallels
Siaya b Vihiga , -Seger
Emuhaya .
— y 1 e
_/ Sioya O 1 1= 3 =
Kombewa isumu
Mayuge Kisumu
Namayingo —
Buvumo /,f" F
\ Kendu Bay
| _Mbita S Kosele
Arthropod abundance difference PP vs non-PP Oyugis
(difference of total number of individuals found per season per Plot) Ddo Homa Bay \
Minus number means PP reduce arthropod abundance 3 b -
<3000 Q o
Kisii~
-3000 - -1000 Magina
-1000 - -500 RopaD Kisii
-500 - -250 Oaembo
=250 -0 ari ¥, .
0- 250 \ Awenda
250 - 500 \ Ekona s
- 500 - 1000 , .
" Migari ¢ Kilg)
1000 - 3000 i q:)
> 3000 \“’\\ o \
STIrATy o ,_L

Figure 15: Geovisualisation of Push-pull effectiveness based on arthropod abundance

For leaf damage, we calculated the percentage difference in damaged leaves from 21 plants per plot
per season. This difference, termed leaf damage reduction, is negative when PP fields exhibit lower
damage and positive when damage is higher. An 8-category scale was used for visualization, with
green representing reduced leaf damage due to PPT and brown indicating increased damage. As with
the other indicators, colour saturation reflects the magnitude of change (see Figure 16).
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Figure 16: Geovisualisation of Push-pull effectiveness based on leaf damage reduction

4.2 Push-pull suitability based on regression analysis of soil and
landscape factors

Weak impacts on Push-Pull Effectiveness of Soil Fertility and Grassland Cover

As shown in D2.2 (D2.2 in UPSCALE Project, 2024), PPT effectively reduced pest damage and Striga
infestation in Rwanda and Uganda. However, contrary to previous studies, landscape grassland cover
did not influence pest damage reduction in Rwanda, and soil fertility (based on the soil data collected
from the field and analysed in lab) had only a minor, non-significant effect on PPT’s impact on Striga
in Rwanda, with no effect in Uganda. Soil fertility calculated based on the regional soil fertility map
shown in Fig 4 shows no effect on PPT’s impact on pest damage in Rwanda and Uganda.

These weak context-dependent effects indicate that either soil fertility and grassland cover are not
strong moderators of PPT effectiveness in our study region, or the gradients covered in the study
regions were insufficient to detect such effects. As discussed in D2.2, expected factors for these results
include:
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e Soil Management Homogeneity: Widespread manure and fertilizer use likely reduced soil

fertility variability, diminishing its impact on Striga dynamics.

e Pest Shifts: The dominance of Fall Armyworm (FAW) over Stemborers, due to FAW’s broad
host range, weakened the relevance of grassland cover as a pest predictor.

e Low Pest Damage Levels: Limited damage across sites made detecting significant
relationships between damage and environmental variables challenging.

D2.2 highlights the robustness of PPT across diverse agro-ecological conditions but underscores the
difficulty in modelling its effectiveness due to limited context dependency and shifting pest dynamics.
Future research should consider long-term impacts, larger plot sizes, and region-specific pest
pressures to refine PPT assessments. Overall, these results indicate a high suitability for PPT farming
across regional gradients in soil fertility and grassland cover.

Landscape Effects on PPT Outcomes

D4.1 (D4.1 in UPSCALE Project, 2025) used linear mixed models to examine biodiversity, pest control,
crop productivity, and landscape parameters. While PPT consistently reduced leaf damage, it did not
significantly affect the abundance of non-pest arthropods or maize yield, indicating that PPT is
especially effective for reducing herbivory pressure by pest insects whereas effects on yields were less
evident from the UPSCALE study sites. Landscape factors (e.g., edge density, maize percentage) had
meaningful but inconsistent effects across countries. For instance:

e |n Kenya, maize percentage and edge density positively influenced arthropod abundance,
but these effects were not significant in Rwanda and Ethiopia, likely due to differences in
field size and landscape composition.

e Edge density weakly reduced leaf damage in Kenya but had no significant effect elsewhere.

Seasonal effects were strong predictors for all response variables. Plot type (PPT vs. non-PPT) and
neighbouring plot type affect the pest pressure but show differences between the countries
emphasizing the likely importance of field size, landscape structure, and a regional context. Maize
yield remained largely unaffected by landscape context, with maize variety and climate likely playing
more significant roles.

The absence of consistent landscape effects, combined with the dominance of other factors (e.g.,
season), limits the feasibility of developing a robust regression model for PPT effectiveness based on
landscape parameters. Instead, region-specific analyses are needed to better understand the
interactions shaping PPT outcomes.

4.3 Statistical model for upscaling yields in regions to visualize
push-pull effectiveness

WP5 fitted linear mixed effect models to yields of paired push-pull and non-push-pull maize fields,
using a 12-year dataset from control vs. push-pull maize field pairs in western Kenya, where long-term
climate trends include increasing temperatures, drought and rainfall. The yield data was collected by
technical staff of the International Centre of Insect Physiology and Ecology (ICIPE) and includes 644
farms across eight regions of western Kenya, covering together 24 cropping seasons from 2005
through 2016, including both short-rain (October-January) and long-rain (March-August) growing
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seasons and prepared for analysis as described in Luttermoser et al. (2023). The models included
variables related to precipitation and temperature calculated from CHIRPS and ERA5S Land respectively
We calculated climate variables for each year for the two rainy seasons using CHIRPS at 0.05° spatial

resolution (as above) for precipitation and ERA5-Land at approx. 0.07° spatial resolution. The push-
pull yields were always higher than control yields, however climate conditions affected the two field
types differently. During the long rains, on average across the region, the difference between push-
pull and control yields was higher in years with higher temperature extremes. Yield benefits due to
push-pull were also higher in years where the maximum length of dry spells was high early in the long-
rain season. During the short rains, push-pull increased yields, particularly when accumulated seasonal
rainfall was optimal, while still doubling yield in seasons with very low or very high precipitation. We
generated resampled raster with the expected mean proportional yield increases given the county
and the climatic conditions during the period where the data was collected, for both the long and the
short rainy seasons (see Figure 17). The expected effects are shown for the 0.05-0.07° degree cells
containing the observed yield and explanatory variable data, i.e. extrapolation is very limited. The
details of the models are included in a manuscript currently being prepared for publication.
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Figure 17: Geovisualisation of mean predicted percentage increase (%) in yield (PP vs non-PP) with
short rain (left) and long rain (right)
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4.4 Striga occurrence map as predictor of push-pull effective region

In Africa, significant yield gaps between potential and actual crop yields are driven by biotic and abiotic
constraints, with Striga hermonthica, a parasitic weed from the Orobanchaceae family, being a major
biotic factor. Striga attaches to host plant roots, siphoning water and nutrients, causing stunting,
chlorosis, wilting, and yield losses of 20%—80%, often leading to total crop failure. It infests over 50
million hectares of farmland, affecting 300 million people (Kimathi et al, 2023). Recent research by
Kimathi et al. (2023) mapped Striga hermonthica geolocations in western Kenya, identifying ecological
determinants and risk areas under climate change.

PPT, which uses Desmodium spp., has been shown to induce suicidal germination of Striga seeds,
effectively reducing Striga seed banks and pest damage (Khan et al., 2006). In D2.2 (D2.2 in UPSCALE
project, 2024), we found that push-pull cropping systems in Rwanda and Uganda had reduced pest
damage and reduced Striga numbers compared to non-push-pull systems. Crop yield was in turn
marginally negatively correlated with the Striga seed bank.

To predict regions where PPT is most likely to be effective, we utilized Striga occurrence data from
Kimathi et al. (2023). This dataset, derived from a field survey conducted between December 2018
and January 2019, employed a purposive sampling approach targeting 160 maize fields infested with
Striga hermonthica. Observations were collected during the flowering season for easier visual
identification, with GPS (< + 3 m accuracy) used to geotag fields spaced 1-3 km apart to ensure spatial
representativeness. A total of 1,160 georeferenced Striga records were used to create the predictive
map, enabling targeted PPT implementation in high-risk areas. Further mapping of uninfested field
locations from the field survey are pending due to incomplete data.

This approach provides a data-driven predictor for identifying regions where PPT can effectively
mitigate Striga infestation and enhance crop yields.
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5. Implications for the project outcomes and way forward

The development of the online interactive GIS mapping platform and the comprehensive datasets
generated in this deliverable mark a significant milestone in the UPSCALE project. However, this is not
the end of the journey. The maps and data layers produced—ranging from bioclimatic and biophysical
conditions to sociological and socioeconomic factors—provide a robust foundation for the future
agroecological research in East Africa. These resources are critical for synthesizing insights into the
suitability and scalability of push-pull technology (PPT) across five UPSCALE countries, which will be
fully realized in the upcoming Deliverable 5.4.

In D5.4, the drivers and barriers influencing PPT adoption, as identified through baseline and mid-line
surveys, will be systematically ranked to develop country-specific suitability models. These models will
integrate spatial data on key variables, enabling a nuanced assessment of PPT suitability across diverse
regions. The resulting rankings will be visualized on the interactive mapping portal, offering
stakeholders a clear and actionable roadmap for scaling up PPT in areas where it is most likely to
succeed.

The open-access nature of the mapping portal and the underlying datasets ensures that these
resources will remain valuable and accessible beyond the UPSCALE project. By covering all five
UPSCALE countries and extending to broader East African regions, the platform serves as a versatile
tool for agroclimatic and socioeconomic analyses, fostering sustainable agricultural practices and
resilience-building efforts across the continent.

As we move forward, the integration of these findings into the interactive portal will not only enhance
decision-making for PPT upscaling but also empower a wider audience—from policymakers to
farmers—to engage with and benefit from this transformative technology. The UPSCALE project is
committed to delivering actionable outcomes that drive sustainable intensification and climate
resilience in East African agriculture, and the work presented here is a critical step toward achieving
that vision. The journey will continue and promises even greater insights and impact.
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