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4. EXECUTIVE SUMMARY

Objectives and Rationale
Climate data analysis for the wine industry is a priority and high quality data is crucial. Recently a
highly prioritised request was made for research on climate change within the South African wine
industry. This project generated climatic and spatial information to use in further investigations of
cultivar suitability and potential adaptation to climate change scenarios using modelling techniques.
Climate and plant response (phenology) data is needed for multiple seasons to maintain and
strengthen collaboration and partnerships around weather station networks in the SA wine industry.
This is crucial considering the current issues with climate data availability to industry. Further
exploration and implementation of remote sensing to supplement environmental data in regions
with low weather station density were also important goals in this project. The ultimate aim of this
project was to integrate data sources, in specific climate data and other GIS/remote sensing
product layers, at different scales to compliment data on phenology, canopy growth, ripening and
yield development at a vineyard scale.

Key Results
The completion of Dr Southey’s PhD thesis laid a good foundation to integrate different data
sources, namely climate, remote sensing and plant based responses (phenology). This can with
more data collection be integrated into climate and plant based modelling to i.e. predict harvest
date. New data importing software was developed to overcome challenges in climate data quality
and accessibility from SAWS/ISCW, with the WANT tool and logger data importing allowing the
collating of multiple sources. Preliminary protocols have been established in collaboration with the
Geography Department using iLeaf data, for generating hourly resolution temperature maps. Good
correlations between ground station and MODIS satellite data were found, which can be used to
supplement weather station temporal and spatial gaps for temperature data. Low cost wireless
temperature and relative humidity loggers were developed for high density spatial networks.
Satellite data, UAV data and the robot in situ measurements can together monitor the development
of the canopy and grapes through the one growing/ripening season, with results integrated with
future development of the flagship “dassie” in-field robotics project.

Key Conclusion of Discussion
The outputs have already formed part of several industry-targeted presentations; outcomes from
the project and the PhD study highlighted the need for an updated hourly climate database for the
Western Cape in the context of climate change. High temporal and spatial in-situ data is essential
in the application of several new technologies. The study showed the importance of integration of
climate data at different scale levels with plant and product (grape/wine) related data, as well as the
potential use of remote sensing layers to compliment station and sensor data close to or within
vineyards. The study improved on the software, hardware and data display options in the field for
climate, remote sensing and plant responses, collating information in an efficient way to better
understand the impact of climate change.

Recommendation to Industry / Key take-home message
The research outcomes of this project aligns with the industry need for an interactive tool to access
terrain and climate information to aid long and short-term decision-making at field level.
Accessibility to information is more important than ever due to climate change driving the increased
seasonal variability seen at farm level. Currently there are many data sources and models
developed to add value to the user, but there are few attempts to integrate technologies, and make
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the information accessible. This need has resulted in the outcomes of this study, being integrated
with the NT13 project currently funded by Winetech. The results from this study can be viewed by
way of an online spatial decision support system to farm and field level
(http://www.terraclim.co.za/).
The project also initialised the development of wireless low-cost dataloggers and potentially
high-quality low-cost weather stations in the near future to overcome the sparse network of data
collection.

5. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification

In the context of cultivar adaptation to a changing environment, new economic challenges in wine grape
production as well as expanding viticultural areas in South Africa, a need exists to integrate
agro-climatology with geographic information systems (GIS) as well as remote sensing technologies
currently available. To this end, data capturing, processing and system development to implement data
visualisation to consultants and industry role players are crucial aspects. Currently there are many
sources of data as well as models being developed to add value to this data, but there are few attempts to
integrate technologies, as well as to roll it out into the wine industry.

The ultimate aim of this project is to integrate data sources, in specific climate data and other GIS/remote
sensing product layers, at different scales, to compliment phenology, canopy growth, ripening and yield
development monitoring at a vineyard scale.

Motivation
Climate data collection and analysis was recently prioritised by Winetech as a research topic. Climate and
spatial information generated can be used to further investigate cultivar suitability and potential adaptation
to climate change scenarios using modelling techniques. Weather station network
collaborations/partnerships need to be strengthened, while remote sensing data need to be collected to
supplement environmental data in regions with low density of stations.
Recently the industry and researchers identified some key aspects for future research, namely:

Refinement of climate data for terroir research (hourly data), climate index refinement and
customising for local conditions;

Creating a complete climate database available for research projects;
To conduct further research into atmospheric variables.

This project aimed to contribute strongly to at least the first two aspects.
The project also investigated high resolution imagery’s ability to quantify canopy architecture, as well as
grape detection and integration into a robotics type platform, building on the work of project DVO 07.

6. ACCUMULATED OBJECTIVES TABLE

Performance chart
Objectives Milestones Original Target Date Date achieved

O1. Collecting, validating and
integrating climate data at

M1.1 Climate database
expansion from the results of

12/2018 08/2019
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different scale levels and
integrating with remote
sensing to improve data
coverage for spatialisation

DVO06. Collaboration with
R.Schulze for updating of
climate layers, that currently
only runs until 1999.
In progress to be completed
08/2019 due to climate data
integrity issues. Addendum A
available on request for more
information.
M1.2 Further processing of
MODIS results for stations
outside of the original study
area.
M1.3 Temperature network:
Terviclim (Collaboration of
setup and processing with
Rennes 2 University). Set up
new logger networks within
climate regions (Elgin, Hemel
& Aarde, Stellenbosch,
Robertson, Swartland etc)
Completed.
>Climate processing tool
(WANT) and logger tool for
importing multiple data
sources.
> Logger extension and use
of tools have been integrated
with project NT13.
M1.4 Creation of new 30 yr
and 10 yr climate layers in
collaboration with Dept.
Geography for high definition
spatial resolution
interpolations. Linked to
outcomes from M1.1. New 10
year long-term layer available
on TerraClim tool within the
NT13 project.
M1.5 Climatic indices and
chill unit model reviewing and
validations. Completed within
PhD, reviewing and need for
improved indices in the
context of climate change
due to changes happening in
the frequency of
temperatures within
maximum and minimum
values. Results will be
integrated with the NT13
project.
M1.6 Online interface with

12/2018

12/2018

12/2018

12/2018

12/2018

07/2019

09/2019

05/2018

06/2018

05/2018
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semi-real-time climate &
remote sensing data (Hortec
hourly data / TERVICLIM
loggers / MODIS / Fruitlook)
for the spatialisation of
models created in research
for use by the wine industry
for in seasonal decision
making. In collaboration with
Wim Hugo from SAEON.
Integrated with NT13 project
to prevent overlap.

O2. Phenology database
creation and integration with
climate and sensor platforms

M2.1 Phenology data will be
culminated into a database in
order to serve as validation
along with other data sources
(this links to the robotics
platform, to the Fruitlook yield
prediction project as well as
to the DVO6 outcomes).
Completed and integrated
with the NT13 project.

03/2019 04/2019

O3.1. Using proximal sensing
to monitor canopy and fruit
development in order to link
into phenology, growth and
ripening/yield development
monitoring.

M3.1 Vineyard canopy
structure assessment
non-destructively using UAV
image collection and volume
calibration with structure from
motion technology.
Completed, SFM was not
used, but other techniques
instead.
M3.2 Fruit counting and
volume determination using
computer vision and
assessing yield prediction
capabilities. Completed in
part, refer to publication.
M3.3 Other sensor
deployment and data
integration within a field data
collection system (robotics
platform to base station or
cloud) (in collaboration)
Completed,
development/validation of
wireless T/RH logger with
local company Visiosoft.
Extension of loggers will be
integrated with the NT13
project.
Testing of new solar radiation

12/2016

12/2017

12/2018

03/2018

03/2018

03/2018
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shield as well as the costing
of development/production of
new solar radiation shields
locally produced, more
information available on
request.
Development of a new low
cost weather station is still in
progress.

7. WORKPLAN (MATERIALS AND METHODS)
Please refer to Table 3.1 for the milestones of the project, which culminates into the work plan for the
project.  The materials and methods are therefore linked to:

Work Plan 1 – Collecting, validating and integrating climate data at different scale levels and integrating
with remote sensing to improve data coverage for spatialisation.

W1.1 Climate database expansion from the results of DVO06. Collaboration with Prof R.Schulze for
updating the South African Hydrology and Climate Atlas. This will include the extension of the current
daily database (1950-1999) from 1999 to 2016. This work plan is however depending on climate data
available, hence a large focus is the sourcing of climate data for the whole of South Africa for the period
1999 to 2016, with hope on getting similar stations to that previously used in the original project of Prof R
Schulze. Hence the timelines for this work plan are subject to data availability and data quality. The
updating of the existing Schulze climate layers has officially been established through collaboration with
Professor Roland Schulze, updating the existing climate database from 1999 to 2016. The secondary aim
in this work plan is to process the 30 year daily database till 1999 to higher temporal resolution (hourly)
that would be more applicable to the crop related studies.

In Figure 1 below is an example of random data gaps that occur throughout most of the stations for
random variables. Due to the random nature of the errors it is unlikely that a macro (automated
processes) would be able to undertake this type of data infilling.  As a result, this infilling had to be done
manually, using nearby stations identified to patch the errors. These infilling stations were selected to
patch the errors based on their similarity in altitude, proximity to the station to be infilled, length of record
(Unfortunately reliability of the record was often found to be questionable), and Similarity in Mean Annual
Precipitation (Figure 2). However, prior to the patching of the gap a regression equation will be developed
between the station with a data gap and the one used for the infilling.  From this regression a correction
factor can be determined and applied to the station that will be utilised to infill the data.  This will ensure
that the data used to infill the gap are as close as possible to those of the original station. The second
phase of this work plan was the reformatting of data into the ACRU Model’s Input File Format, climate
data was converted to the same standardised format, which in this instance is the ACRU
agro-hydrological model’s climate input file format.
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Figure 1 Example of random data gaps in daily rainfall, as well as erroneous information contained under the
RHMAX column.

Figure 2 Example of location of station to be infilled, and the altitude and topographical similarities of surrounding
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stations that may used for patching

For more detailed methodology Addendum A is available on request.

W1.2 Further processing of MODIS results for stations outside of the original DVO6 study area, testing the
methodologies developed in TO Southey PhD. Selecting a new area with sufficient weather stations for
validating the use of MODIS_LST for another season for future applications to use MODIS as a
supplementary resource for meteorological temperature.

MODIS Extension to new study are (Figure 3), the downloading and processing MODIS for period 1
September 2018 to 31 March 2019 for the study extent. The MOD11A1 product was used as a covariate
in the interpolation of temperature. This dataset contains a layer for the daytime land surface temperature
(LST), as well as nighttime LST. The LST layers are generated in all areas where no clouds are present,
and generates no-data cells where clouds are present. To compile a dataset of weather station data for 1
September to 31 March 2019 for the study extent, Hourly weather station data from TerraClim’s central
climate database (CCD) was retrieved for the same period. The hourly data was then aggregated to daily
mean values, following a basic mean function per weather station, per day. Calculate the maximum and
minimum for WS and MODIS, then process to mean for the day for each of the sources. The MODIS data
was converted to daily mean rasters by calculating the mean between the daytime LST and the nighttime
LST. Compare MODIS & WS using point statistics, MODIS values were extracted at weather station
points for each day of the seven-month period. The root mean square error (RMSE) was calculated for
each day. As the LST product can only be derived if no clouds are present for a pixel, and since the mean
LST product is a function of the union of the daytime LST and nighttime LST products, several days of
MODIS data did not intersect any of the weather stations. For these days the RMSE was not calculated.
Average RMSE (for all days where at least 1 weather station intersects MODIS): 2.23 °C.

A new temperature interpolation could be created using daily mean temperature and MODIS daily mean
temperature. The interpolation of temperature with MODIS data as covariate was only done for days
where the MODIS LST data intersected all 15 weather stations (Figure 4). The remaining days were
interpolated using only elevation and distance to coast as covariates. Kriging with external drift is an exact
interpolator, which means that pixels that intersect the weather stations (from which temperature data
sourced) will always have the same value as the weather station itself (Figure 4). This results in pixel
values at weather stations having relatively high deviations from their surrounding pixels (as in Figure 5).
To correct this, a 3-by-3 mean filter is run on the interpolated surfaces. To validate the calculation of
maximum and minimum layer of each day for the creation of seasonal bioclimatic indices. A growing
degree map (GDM) for the season was calculated with the interpolated surfaces (Figure 6). As a complete
set (Sept to March) of daily temperatures is required, interpolations with only elevation and continentality
were used for days where MODIS data were not present and compared to a GDM seasonal map only
elevation and continentality as covariates. Seasonal GDM was extracted from the weather station in situ
data and used as reference for the accuracy assessment (Figure 7).
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Figure 3 Study area and weather stations selected for MODIS-LST image and weather station validations for period
1 September 2018 to 31 March 2019.
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Figure 4 Temperature surface from interpolations with elevation and continentality (left) as covariate, and a
temperature surface where MODIS was added as additional covariate(right)

Figure 5 Temperature surface from interpolations, results from KED where the pixel values at weather stations have
relatively high deviations from their surrounding pixels (left) and corrected using a 3-by-3 filter (on the right).

W1.3 This work plan includes the development of semi automated workflows for the processing of multiple
loggers into a standardized database to overcome past frustrations of manual data processing and
compromising data integrity in the process. The extension of loggers into new areas requires loggers to
be wireless, as data is compromised when loggers stop logging due to vandalism or battery failure.

Stevie Krynauw was the data scientist of the project for the development of semi-automated workflows for
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the importing of weather station and logger data from multiple sources into an integrated database. This
was unfortunately not realised in the project, for reasons beyond the scope of this report. However the
limitations were mitigated through additional support from Winetech and the IGWS in the development of
the WANT tool with CSIR and the climate processing tool in collaboration with Kobus Bredell. So the
outputs relating to the creation of a programme for data inputs to overcome the station degradation and
loss of climate data integrity was achieved within the scope of this study. The gui’s (WANT and Logger
interfaces) were developed to ensure faster and more accurate data screening, cleaning and gap filling.

In partnership with the department of Geography, automated workflows were developed for testing the
spatial interpolation of hourly temperature data (part of another Winetech project). Data for this was
sourced from this project. The hourly climate data for the period January 2016 to March 2017 was
collected from two station networks over the extent of the Stellenbosch wine growing region, automated
procedures were put in place from data import to the final interpolations of hourly data. The hourly spatial
interpolations are outcomes of collaborations across projects for improved outputs to the end user. The
hourly temperature layers can be viewed in the TerraClim tool.

W1.5 Climatic indices and chill unit model reviewing and validations. This milestone is integrated with the
outcomes from TO Southey’s PhD.

W1.6 Online interface with semi-real-time climate & remote sensing data (Hortec hourly data / TERVICLIM
loggers / MODIS / Fruitlook) for the spatialisation of models created in research for use by the wine
industry for in seasonal decision making. The integrated database building and interface hosting will be
driven by TO Southey in collaboration with Wim Hugo.

Workplan 2 - Phenology database creation and integration with climate and sensor platforms, involves the
current sites used in study DVO 06 (Somerset West, Elgin, Stellenbosch, Vredendal), as data from that
project will be used as a base for the cultivar Cabernet Sauvignon, but with extension to Shiraz on most of
these sites and building towards industry collaboration to collect phenology data additional to what is
currently available. To this end, links are also possible with the Fruitlook yield project funded by Winetech.
W2.1 Phenological stages were collected at weekly intervals throughout the growing season (September
to March) to ensure a continuous phenology database.

Work Plan 3 – Using proximal sensing to monitor canopy and fruit development in order to link into
phenology, growth and ripening/yield development monitoring. Will mostly be executed and tested in the
different University vineyards, but also extended to an industry partner where the robotics will also be
tested along with yield monitoring and phenology capturing in a commercial setting.

W3.1 Vineyard canopy structure assessment non-destructively using UAV image collection and volume
calibration with structure from motion technology.

W3.2 Fruit counting and volume determination using computer vision and assessing yield prediction
capabilities

W3.3 Other sensor deployment and data integration within a field data collection system (robotics platform
to base station or cloud) (in collaboration). Development of low cost wireless loggers/weather stations.
Wireless sensor network components will be set up and tested, with the hopes to implement low cost
weather stations and soil sensors into other research projects.  The aim is to keep the cost of sensors and
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hardware in general in the order of 5 to 10 times cheaper than the “research grade” equipment on offer
due to import costs and markups/patents.
Weather station hardware and software development (collaboration with JP Bredell). The Bifrost weather
station is designed to solve two major problems in the realm of weather data in the agricultural sector of
South Africa, which is low access to weather data and high costs involved with the setup of a
measurement site. The aim is to provide higher quality data than existing high cost sensors in terms of the
accuracy and measurement frequency, this is possible due to developing electronics. The Bifrost weather
station will measure standard meteorological parameters with the option of adding additional sensors (soil
moisture, soil temperature at different levels, solar radiation in more precise bands (solar spectroscopy)
and the intelligent control of irrigation solenoids, valves and pumps on a large scale). Each station
uploads the data to a real time web server through the GSM and LTE networks. A network of these
stations will accumulate their data on the web server and models can be extracted or built from the
combinations of data. The interface allows the viewing of meta data for each entry, as well as a graphing
function to have a live stream of incoming data. The station will be placed in the field for a few months
near an existing weather station for infield validations.

8. RESULTS AND DISCUSSION

The outcomes from this project have provided new data sources for future research in the field of high
resolution spatial and temporal resolution climate and remote sensing data specific to the wine industry.
Data integration was highlighted as a solution to overcome the frustrations faced in the DVO6 project,
linked to inaccessibility to high resolution climate data important in the context of climate change and the
complex terrain of the Western Cape. The ultimate aim of this project was to integrate data sources, in
specific climate data and other GIS/remote sensing product layers, at different scales to compliment
phenology, canopy growth, ripening and yield development monitoring at a vineyard scale. Within the
project period many possible resources for climate, remote sensing and data integration were investigated
and set the foundation for the future focus of climate related studies in the Western Cape agriculture
sector. This project has contributed to the knowledge base for vineyard managers to visualise and
understand the spatial variability within vineyards through the season, by means of canopy remote
sensing tools (Remotely piloted aircraft ) used within this project. High resolution imagery can be used to
quantify canopy architecture, with possible future disease detection, and grape detection. The outcomes
from this project were successfully integrated into the IGWS robotics platform, Fruitlook yield project and
DVO7.

Objective 1. Collecting, validating and integrating climate data at different scale levels and
integrating with remote sensing to improve data coverage for spatialisation.

Collecting, validating and integrating climate data at different temporal scales was more complicated than
expected. A significant amount of time in the first phase of the project was spent trying to gain access to
government funded meteorological data from South African Weather Services and the Institute of Soil
Climate and Water (Agricultural Research Council). A high density of weather stations (ARC and SAWS)
was required for the spatializing of temperature and updating the South African Atlas of Climatology and
Agrohydrology layers. The climate data request for long-term climate data from the past 30 years was not
possible due to the cost of acquiring cleaned, high quality datasets at a daily and hourly resolution. All
avenues for possible collaboration with SAWS and ARC were exhausted and the conclusion was that data
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for more than five weather stations could not be granted to one researcher and the purchasing of the
climate data was outside of the budget scope for this study.

Rough quote from: South African Weather Services:

Daily data for the period January 1999 to May 2017: Western Cape: R 777 766; South Africa: R 5 098 662

Rough quote from: ARC-Institute for soil, climate and water:

Daily data for 10 years (2007-2017): Western Cape: R828 000 (50 stations)

Daily data for 30 years (1986-2016): Western Cape: R2 484 000 (50 stations)

Hourly data for 5 years: Western Cape: R 821 250.00 (100 stations)

Hence, the next phase of the study (in 2018) gained support from Winetech for additional funding to
support a machine learning endeavour with CSIR. This included the development of a data importing tool
that would collate climate data sources from various resources into one robust climate database. The
Winetech ANalysis Tool (WANT) developed for this purpose is currently used to continually collate
meteorological data from various sources into one database. New research relationships were established
with iLeaf, a commercial weather station custodian with help from Vinpro and Winetech, for the extension
of new weather stations into the wine producing areas since 2016. The outcomes from this objective to
date indicates iLeaf as the most reliable climate resource available at this stage for research integration at
an hourly temporal resolution.

More time than anticipated with the conception of the project was spent on the identification of potential
data sources for future use in the wine Industry, and to clarify the agreements on sourcing and using this
data.

W1.1 As the in-situ data was not available for South Africa, the focused study area was marked to be the
Western Cape. The main objective of this research project is the extension, for the Western Cape
Province, of the current South African Quinary Catchments Database (Schulze et al., 2010), which
contains 5 838 agro-hydrological relatively homogeneous spatial units termed Quinaries, each with 50
years of quality controlled daily rainfall, temperature, relative humidity, solar radiation, windrun and
reference potential evapotranspiration. The updating of the South African Atlas of Climatology and
Agrohydrology layers, was more complicated due to the weather stations being different compared to
those previously used. New algorithms have to be written to update the ACRU model to run for a subset
of South Africa, namely only the Western Cape with new driver stations (from iLeaf weather services).
There are many gaps in those data and no one set of information nor single station’s data covers the
entire period from 2000 to present.  Rather, the extension of the data at each selected driver station will
have to be made up from several sources, each of which cover a different period of time. Prior to this a
number of processes will have to be undertaken, which are described in Addendum A (available on
request). New methodology and algorithms for extending daily climate data records for the quinary
catchments of the Western Cape Province was developed successfully for the existing and new climate
station data.

Progress to date:
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Note that the significant delay in this Project is the result of poor quality of the data obtained from
SAWS/ARC, in that there are random gaps in the daily information (Figure 1), or the data in the columns is
incorrect (Figure 1).  Further to this, in some of the files data switches columns without any indication as
to the origins and this has therefore result in a portion of this process having to be undertaken manually.
This often is not apparent at the beginning of the file, and can occur anywhere throughout the data record
in each station.  It cannot be emphasised enough that this has been entirely the cause of the delays with
this project.  However, once these data have been infilled/patched, using the process outlined in the first
section, macros can be utilised to undertake the remainder of the process which will then proceed at a
much faster rate.
The end product will be a set of stations that have data in the ACRU model input file format and which
extend from 1950 to 2018 (this has gained an additional two years due to delay in processing, time frame
originally envisioned was 1950-2016). These stations are effectively new driver stations for all the Quinary
Catchments within the Western Cape based on data from iLeaf, allowing for future updates.  This can
then eventually be applied to the whole of the RSA, thus updating the ACRU climate input files.
Even though this has taken longer than expected, these updated layers are very valuable for research in
climate change and biological system adaptations. Due to delays with climate data accessibility and data
integrity, station importing into the ACRU model has to manually be validated before further processing
could commence, this will be completed in September and integrated with the NT13 project.

W1.2 – A subset of daily climate data from meteorological stations has successfully been used to validate
the use of MODIS_land surface temperature (LST) layers as a covariate in spatial interpolation of
temperature data for the 2018/2019 season. This confirms the outcomes from Dr Southey’s PhD, which
showed that MODIS_LST could be used to successfully supplement weather station data to allow for a
continuous dataset of temperature and possibly improve the spatial interpolation as the MODIS layers are
intrinsically spatial. Good correlations were found between ground station and MODIS satellite data with
an average RMSE (for all days where at least 1 weather station intersects MODIS) of 2.23°C. The
MODIS_LST and weather station daily temperature layers for the 2018/19 season has successfully been
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used to calculate growing degree days (Figure 3) for the growing season and layers hosted on an online
spatial decision support system (TerraClim) for interactive viewing down to farm level. The growing degree
scores (GDS) extracted from weather station points from the two GDMs and the weather station in situ
points was used to calculate the RMSE (Figure 4) The RMSE for both GDMs are within 2% of the average
reference GDS, and thus relatively accurate. Although the difference between the MODIS LST and
weather station data is relatively high (RMSE: 2.23°C), the addition of it to the temperature interpolations,
and ultimately the bioclimatic indices, added low to no error in the final maps. As the interpolation
algorithm uses the MODIS LST only as a means to explain the variation in the temperature, the over- and
underestimation within MODIS LST itself, might not influence the final interpolated surfaces as in these
results.

Figure 6 Bioclimatic index (Growing degree days) using MODIS LST data (left) and weather station interpolations
only (right).
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Figure 7 Growing degree scores (GDS) extracted at weather station points from the two GDM’s and the RMSE
calculated.

W1.3 – Hourly temperature data manually extracted for the period January 2016 to March 2017 was
successfully spatially interpolated (Figure 8) in collaboration with the Centre for Geographical Analysis
(CGA) and hosted on the TerraClim tool for interactive viewing to field level http://www.terraclim.co.za/.
This was a preliminary result that has to date been automated from data importing to spatial interpolations
within the NT13 project.
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Figure 8 Hourly temperature map as an output from the spatial interpolation for a subset of data.

The WANT tool developed within this project with additional support from Winetech in collaboration with
CSIR has been successfully integrated into the workflows of data ingestion for the central climate
database as part of the NT13 project.

The in-situ density of temperature and relative humidity data has been improved with the use of logger
data (proprietary as well as new low-cost loggers) and the data from past projects was ingested into a
separate logger database. Software for the importing of these multiple data sources was developed within
this study, which can now and to be used in future fieldwork. The software is very robust in importing the
logger data into a date time frame (Julian days) to identify gaps in the data. The second phase
implemented by the software automatically processes the logger data to hourly resolution, and to create a
continuous data range for each logger the software performs automated gap filling. Data visualisation is
possible with the software, where loggers/seasons can be compared. The software output can then be
ingested into the robust climate database for the Western Cape.

W1.4 – The updated climate database has successfully been used to create a new 10-year long-term
temperature map (Figure 9) for the Western Cape at 90 m resolution, already integrated into the TerraClim
Tool for interactive viewing.  The 30 year long term temperature map for the Western Cape still needs
improved in situ data resolution as the current results showed there to be a weak relationship between
elevation in temperature, highlighting the need to review the current distribution of weather stations, as
they are accurately representing the variability in elevation. These results will be used to guide the
establishment of new weather stations at more extreme locations to ensure improved temperature layers
for the future. Within this study, preliminary protocols have been established in collaboration with the
Geography department at Stellenbosch University, for hourly data processing into maps for a designated
area of Stellenbosch.
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Figure 9 Ten year long term mean temperature map for the month of January and July, already integrated
into TerraClim online system of interactive viewing http://www.terraclim.co.za/.

W1.5 – The completion of Dr Southey’s PhD thesis laid a good foundation to integrate different data
sources, climate information as well as remote sensing layers specific to the application and value of
climatic indices and chill unit models in the wine sector in the context of climate change. The results
highlighted that the conventional indices are not always sufficient to highlight the sensitive seasonal
differences happening in the context of climate change as the indices are based on daily temperatures
that average out the changes happening at hourly resolutions. The study highlighted the need for new
indices that quantify the observed hours at specific temperature thresholds. In the context of climate
change, the lapse rate throughout the day is shifting and not always quantified in chill models. There is a
need for improved accessibility to hourly temperature data to drive adaptation strategies in the context of
climate change. The review also highlighted the need to include other variables like relative humidity and
wind into the modelling of grapevine physiological responses based on indices.The results have not been
published, but have been presented and local and international conferences. The results from the PhD
highlighted the need for hourly data in the context of climate change and the grapevines responses.
These key findings have been integrated into the projects values, the spatial interpolations of hourly
temperature, with the aim to transition the findings of the PhD into spatial viewing (Figure 10). This has
been integrated with the current NT13 project, using the grapevines physiological thresholds from
literature and the PhD as inputs for new maps and future suitability analysis.
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Figure 10 Observation map highlighting the areas experiencing more hours between 35-40°C during the
period November 2016 and February 2017, outcome from NT13 project.

W1.6  Online interface with semi-real-time climate & remote sensing data for the spatialisation of models
created in research for use by the wine industry for in seasonal decision making was to be standalone
outcome of this project, but the vision was beyond the scope of this study. Wim Hugo was to be the
database/website builder, but with the difficulties faced in the first year of the project to access climate
data from SAWS and ISCW, the nature of Wim Hugo’s position changed within SAEON and he could no
longer follow through with the project. The sensitivity around climate data and other data within this project
did not allow for further collaboration with SAEON as all data within SAEON needs to be open source.
However this work plan was integrated with the online spatial decision support system that was built for
the wine industry in 2018 as a pilot study, outcomes and data from this project was hosted within the
online tool, now referred to as the TerraClim Tool (http://www.terraclim.co.za/).

W2 –Within this project, seasonal in-field phenology data were collected and integrated into the already
existing PhD phenology database to allow for machine learning applications in the future, integration of
plant responses, climate and remote sensing. Preliminary machine learning applications (in an associated
Fruitlook project funded by Winetech) highlighted that the training datasets of phenology needs to be very
large for effective application outcomes. The completion of Dr Southey’s PhD thesis has laid a good
foundation to integrate different data sources (i.e climate, remote sensing) with, remote sensing and
plant-based responses such as phenology. For phenology, key climatic drivers such as increased hours
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above 35-40°C (Figure 9) in the summer months and relative humidity have been identified from the PhD
study as altering the grapevines seasonal responses. More information is available in the thesis and can
be viewed in the PhD study. The phenology and climate database will be extended in the coming year to
integrate with the NT13 project for further Machine learning applications within the geodatabase.

Data integration and machine learning was further explored in collaboration with the Stellenbosch
University Engineering Faculty. Meteorological data from weather stations as well as data, loggers, soil
temperature and soil moisture data as well as, phenology data for multiple sites was shared with an MSc
student R. Lüttich, who applied machine learning techniques where applied to identify the possibility of
predicting soil temperature from ambient temperature. Detailed outcomes from the study can be viewed
within the MSc thesis, but the results are promising for predicting soil temperature. The study highlighted
the value of machine learning in agriculture, and the need for building a robust plant- related database for
effective applications in the future.

W3.1 Vineyard canopy structure assessment non-destructively using UAV image collection and volume
calibration with structure from motion technology.

Satellite data, UAV data and the robot in situ measurements were used together to monitor the
development of the canopy, but it was difficult to integrate these data sources within the scope of the
study. There were however work done, along with the DVO7 study to assess canopy spectral signatures
as well as grape detection/size estimation within one of the seasons. Results are reported in two Master’s
internship students’ reports and conference proceedings, namely that of Mr Belotto (Bellotto, A., 2017)
and that of Mr Manzan (Manzan, N., 2017).

W3.2 Fruit counting and volume determination using computer vision and assessing yield prediction
capabilities

This objective is also integrated into project DVO7. The results are in Mr Manzan’s thesis and conference
paper.  There is also a more recent paper by Mr Chris Hacking (Hacking et al, 2019) that is in press that
originated from the outputs of this and the DVO7 study.

W3.3 Sensor deployment and data integration was a very strong focus in this study as results highlighted
the need for high temporal and spatial resolution of climate data. The deployment of the sensors was
delayed due to density of loggers required to improve temperature research in the future, this would not
be possible with the current loggers, as they require manual downloading with the risk of battery failure
and not signal of warning for maintenance. The need for high spatial and temporal temperature and
relative humidity data was driven by the PhD results and industry discussions highlighting the need for a
high-density temperature and relative humidity network, this was concluded to only be possible if the
loggers were wireless with good battery life. It therefore became a focus to deliver on the development of
a new wireless, low cost logger. A local company (Visiosoft) was included in the study for the development
of a temperature and relative humidity sensor. The first prototype testing in the vineyards was not
successful due to a manufacturing fault. The second phase was the in-field deployment of five loggers
(Stellenbosch Mountain (2), Stellenbosch basin, Somerset west and Elgin) to specifically test the wireless
capabilities and the sensor sensitivity compared to that of the traditional proprietary logger. The sensor
comparison of a few months logging highlighted the Visiosoft logger to be five degrees Celsius warmer on
average. This was due to the sensor logging the internal and not ambient temperature. The wireless
functionality worked well in these locations. The third phase of development, namely the improvement of
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the unit to measure ambient temperature, is showing promising results. These wireless loggers (Figure
11) are linked to an online system for interactive viewing (https://iot.smartviewtechnology.co.za/), so
malfunctions in the battery/logger can be tended to immediately; this elevates a significant risk previously
faced with data loss due to battery failure or vandalism. These loggers will be used extensively in the wine
industry, the 80 loggers purchased in this study will be deployed into a small study area of complex
topography to validate other research projects focusing on spatial interpolation research.

Figure 11 In field temperature and relative humidity logger options, Gemini tiny tag (left) at about R3000 per unit and
wireless Visiosoft logger (right) at about R800 per unit.

The loggers need to be housed in a solar radiation shield that previously was available from a local
supplier for under R100, this supplier passed away and hence presented the project with another
unexpected hurdle. The solar radiation shield can now only be imported from the United Kingdom at a
price ten times what was locally available due to import duties. Due to this unexpected hurdle, the project
procured some additional financial support from the Institute Grape Wine Sciences (IGWS) to purchase
some of the new solar radiation shields to test them in-field as the structure of the new shield has
changed. However, data validation of three different solar radiation shields showed no significant
differences (Figure 12 ). The project tried all avenues within the scope of the project budget to try and
produce the solar radiation shield locally, however the design, the injection mould development costs and
further production was quoted in the range of R300 000, resulting in a unit price of R100 (more
information available upon request). There may be potential for this in the future, as there is nothing of its
kind currently available in South Africa. At this stage and with additional support to the budget, the solar
radiation shields from the UK will be used for the deployment of the 80 sensors due to the in-situ data
demand.
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Figure 12 Different solar radiation shields currently used in the wine industry

The project also endeavoured to source a low-cost weather station, using the latest technology and
sensors available, with the aim to provide research and the industry with a low-cost option to increase the
density of the network and maintain the data integrity. Another local company (Bifrost) developed the
hardware and the software for the weather station, with the total cost of the weather station measuring all
the standard elements amounting to less than R10 000. This outcome has great potential but still requires
some development and in-field validation before more units are deployed. The first version of the weather
station (prototype) has had an array of problems when it was tested in the field, all of these problems were
traced back to their causes and this information is now being used to make an extremely robust system
that will ensure user friendliness and high accuracy.

All these sensors are integrated into one central database through the WANT and logger software
interface, data is uploaded through automated scripts every hour into the database and integrated into the
new climate project funded by Winetech.

Please indicate YES or NO if a PROJECT EXTENSION is required (if YES, contact Winetech)
_______

No extension is required, however, some objectives’ outcomes are flowing into other projects as well as
still being handled within the scope of this project up to end 2019.

Extension of some of the outcomes for objective 1: Extension of some of the outcomes due to Stevie
Kraynauw not delivering on outcomes for climate database building and importing information due to
reasons beyond the scope of the study. This was however mitigated through collaborations with CSIR
driven by Winetech for the development of an interface for data import into a database, resulting in the
Winetech Analysis Tool (WANT tool). This resulted in data taking longer to get to Prof R Schulze for
workplan 1.1. The significant delay in this work plan is also the result of poor quality of the data obtained
from SAWS/ISCW, in that there are random gaps in the daily information (Figure 1), or the data in the
columns is incorrect (Figure 1). Further to this, in some of the files data switches columns without any
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indication as to the origins and this has therefore result in a portion of this process having to be
undertaken manually.  This often is not apparent at the beginning of the file, and can occur anywhere
throughout the data record in each station. Once these data have been infilled/patched, using the process
outlined in the first section, macros can be utilised to undertake the remainder of the process, which will
then proceed at a much faster rate.

9. CONCLUSIONS AND RECOMMENDATIONS

This project and outcomes from the PhD highlighted the need for an updated hourly climate database for
the Western Cape in the context of climate change. Technologies are advancing but high temporal and
spatial in-situ data is essential in the application of these new technologies. The study showed the
importance of integration of climate data from different scale levels with plant and product (grape/wine)
related data, as well as the potential use of remote sensing layers to compliment station and sensor data
close to or within vineyards. The study was unfortunately faced with issues regarding the inaccessibility
and questionable quality of data from government-funded institutions (ARC/SAWS). The project provided
some possible solutions to overcome these limitations in future studies, namely software development for
collation of meteorological and logger data; wireless logger development and deployment. Low cost
weather station options as well as remote sensing data (intrinsically spatialized) were also investigated to
supplement weather station data. Preliminary protocols were developed for satellite data integration with
climate data as well as mapping of temperature at hourly, daily and monthly resolutions, which can now
be integrated into new climate-related projects. The study highlighted the value of data integration for
machine learning applications, showing the possibility to predict soil temperature from ambient
temperature. The updated South African Atlas of Climatology and Agrohydrology layers, for the Western
Cape are extremely valuable for the Western Cape as an updated long-term climate database. These
layers provide opportunities for new research applications within GIS software. Overall, the study has
provided valuable outcomes that are very applicable to the industry in question. This project has built on
previous work and set a foundation for future plant, climate and remote sensing studies.

10. REFERENCES

Schulze, R.E., 1997. South African Atlas of Agrohydrology and Climatology. WRC Report No TT 82/96.
Water Research Commission. Private Bag X103, Gezina, Pretoria, 0031, South Africa.

11. ACCUMULATED OUTPUTS

a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS
This project strongly contributes to methods for improved and integrated use of remote sensing and
robotics within the agriculture setting with the integration of multiple data sources. Each objective has its
own potential outputs, the most important being development of integration techniques and models to link
different sensors’ data to “tangible” and visual outputs which may be used on farm level
(http://www.terraclim.co.za/.). These methods have strong commercial potential, but it is also believed that
it could be made freely available to industry to a large extent, with the commercialisation potential lying in
added value products (i.e. consultation and advice on new developments etc.).
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Knowledge Outcomes:
The study has highlighted the need for higher temporal and spatial resolution climate data to best quantify
climate change and aid adaptation strategies. The study exhausted all avenues to collect existing
long-term climate data, with very little success hence the study had to focus on other methods to build a
climate database. This included collating a climate database from any data available from past research
studies, commercial companies, privately owned stations and logger data for the Western Cape
These include:

Standardised meteorological data cleaning protocols.
Need for hourly temperature data to best review bioclimatic and chill models for agriculture in

the context of climate change. The current models are not sufficient to quantify the
seasonal changes.

Technologies and products developed:
Hardware and software developed to overcome the frustration of climate data inaccessibility and post
processing required.
These include:

WANT software collating weather station data
Logger software for collating, gap filling and interactively viewing logger data
Low cost, wireless Temperature and Relative Humidity sensors (Visiosoft)
Low cost weather station in collaboration with BiFrost (Bredell Robotics)
Review of the solar radiation shield, the reviewing of possible options for local manufacturing.
New South African Atlas of Climatology and Agrohydrology for the Western Cape hosted on the

TerraClim interface (freely accessible, http://www.terraclim.co.za/.)
Hosting the newly created long term climate layer for the Western Cape on the TerraClim interface

(freely accessible, http://www.terraclim.co.za/.)
Hosting the new climate layers that incorporated MODIS_LST as a covariate in the spatial

interpolation hosted on the TerraClim interface (freely accessible, http://www.terraclim.co.za/.).

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER
Already integrated with the NT13 funded Wintech project as well as with the robotics platform.

c) HUMAN RESOURCES DEVELOPMENT/ TRAINING (STUDENTS)
Student Name and
Surname

Student Nationality Degree (eg MSc
Agric, MComm)

Level of studies in
final year of project

Total cost to industry
throughout the
project

Masters

Kirstyn Barratt South African BSc - R50 000

A Belloto Italian BSc MSc

N Manzan Italian BSc MSc

Kyle Loggenberg South African BSc MSc R80 000
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Rudolf Lüttich South African BSc MSc

PhD

Tara Southey South African MSc PhD

Postdocs

Tara Southey South African PhD PostDoc R600 000

d) PUBLICATIONS (POPULAR, PRESS RELEASES, SCIENTIFIC)
Bellotto, A., Manzan, N., Greyling, B., Pitacco, A., Peterlunger, E., Strever, A., Poblete-Echeverría, C.

(2017). Hyperspectral imaging for leaf grapevine water status assessment, a leaf-based approach.
20th International Symposium GiESCO, November 2017. Mendoza, Argentina. Proceedings of the
19th International Meeting GiESCO, 2017.

Hacking, C., Poona, N., Manzan, N., and Poblete-Echeverría C., (2019). Investigating 2-D and 3-D
proximal remote sensing techniques for vineyard yield estimation. Sensors (In revision).

Loggenberg, K., Strever, A., Greyling, B. & Poona, N. (2018). Modelling Water Stress in a Shiraz
Vineyard Using Hyperspectral Imaging and Machine Learning. Remote Sensing 2018, 10(2), 202;
doi:10.3390/rs10020202.

Lüttich, F.R. (2019). Predictive Models for Smart Vineyards. MSc Science thesis, Department of
Electrical & Electronic Engineering, Stellenbosch University.

Manzan, N., Bellotto, A., Greyling, B., Pitacco, A., Peterlunger, E., Strever, A., Poblete-Echeverría, C.
(2017). Grapevine bunch volume estimation using an infrared depth sensor under laboratory and
field conditions. 20th International Symposium GiESCO, November 2017. Mendoza, Argentina.
Proceedings of the 19th International Meeting GiESCO, 2017.

Southey, T. O. & Strever, A. (2017). Integrating climate and satellite remote sensing to assess the
reaction of Vitis vinifera L. to a changing environment in the Western Cape, South Africa.
Congress presentation of 20th Giesco International conference, 5-10 November 2017, Mendoza,
Argentina.

Southey, T. O. (2017). Integrating climate and satellite remote sensing to assess the reaction of Vitis
vinifera L. cv. Cabernet Sauvignon to a changing environment. Doctor of Philosophy (Agricultural
Sciences) at Stellenbosch University Department of Viticulture and Oenology, Faculty of
AgriSciences.

Southey, T. O. & Strever, A. (2018). Assessing the grapevine and environmental interactions:
integrating weather and satellite data in the context of climate change, South Africa. The 30th.
International Horticultural Congress, 12 - 16 August 2018 Istanbul, Turkey.

e) PRESENTATIONS/PAPERS THAT COULD BE DELIVERED

Peer reviewed conference papers presented as orals in the context of the funding support to this
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project:

1. Southey, T. O. & Strever, A. (2017). Integrating climate and satellite remote sensing to assess the
reaction of Vitis vinifera L. to a changing environment in the Western Cape, South Africa.
Congress presentation of 20th Giesco International conference, 5-10 November 2017, Mendoza,
Argentina.

2.  Southey, T. O. & Strever, A. (2018). Assessing the grapevine and environmental interactions:
integrating weather and satellite data in the context of climate change, South Africa. 3rd BRICS
Young Scientist Forum, 25-29 June 2018, Durban, South Africa.

3.  Southey, T. O. & Strever, A. (2018). Assessing the grapevine and environmental interactions:
integrating weather and satellite data in the context of climate change, South Africa. The 30th.
International Horticultural Congress, 12 - 16 August 2018 Istanbul, Turkey.

4. Southey, T. O., Strever, A. & van Niekerk, A. (2018). Assessment of Grapevine and Environmental
Interactions in The Context Of Climate Change For Improved Adaptation Strategies In South
Africa. 4th Annual Conference on Climate Change & Development for early career researchers
hosted by African Climate Development Initiative (ACDI).

5. Southey, T. O. & Strever, A. (2019). Vineyard and environment interactions driving reconsideration
of terroir zoning methodologies in the context of climate change in South Africa. Congress
presentation of 21st Giesco International conference, Greece.

6. Southey, T. O., Strever, A. & van Niekerk, A. (2019). Assessment of Grapevine and Environmental
Interactions in the Context of Climate Change for Improved Adaptation Strategies in South Africa.
African Climate Risk Conference, 7 - 9 October 2019, Addis Ababa, Ethiopia.

Selection of recent Technology Transfer Interactions with Industry, based on the research
conducted in the project:

Engaging with industry role players, researchers and funding bodies through workshops/meetings
involved in the following aspects:

1. Dr Strever and Southey have presented at numerous industry body information and consultation
days driven by Vinpro and Winetech over the last three years. The presentations and interactions
focusing on technology transfer from this study, specific to remote sensing, climate change and
decision making in the context of seasonal changes.

2. Dr TO Southey has presented/communicated the status of climate data quality and accessibility to
multiple agriculture sectors. Highlighting the need for improved weather station density, data
quality and accessibility. These interactions have resulted in collaborative efforts with commercial
weather station custodians for the extension of new weather stations in the wine producing areas
of the Western Cape.

3. Dr TO Southey has presented the value of high-resolution climate data (hourly resolution),
complemented with remote sensing and terrain information to industry applications in aid of in
field/season decision-making. The outcomes from Dr Southey’s research in this study has
successfully been transitioned into new/future projects further integrating climate, remote sensing
and terrain derivatives to aid decision making via an online interface.

4. Dr TO Southey attended the 5th International Climate Change Adaptation Conference in the week
of the 18-22 June 2018, great networking opportunity from which new working relationships have
realised in the climate change studies.

5. Dr TO Southey attended and presented at the 3rd BRICS Young Scientist Forum, 25-29 June
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2018, Durban, South Africa. It was a great opportunity that exposed Dr Southey to other young
researchers from other countries (especially India, China, Brazil), that has the potential to open up
new research opportunities specifically in water across countries. The relationships established
from this forum will allow for easier BRICS funding applications in the future.

12. PROJECT OUTCOME AND IMPACT

New Knowledge Benefits Supply Chain Direct Grower
Application

Direct Packhouse/
Winery /  Cellar

Application
Other

X X X

Other is:
This project had a large impact on human resource development in the field of climate, data integration
with climate, climate change and remote sensing.

The Value of the project to industry
As mentioned the project strongly contributes to the interdisciplinary use of remote sensing and robotics
within the agriculture setting through the methods and models provided as a foundation from this study.
This study is of great value to the industry as it is a continuation of DVO6 and very smoothly integrates
with future funded projects DVO7 and NT13. The integration of multiple data sources serves as a sound
base for further work in climate-related projects that could help industry prepare better for climate
shifts/change.
The following projects continue on the foundation of this work:

Extension of a new logger network within NT13, loggers that can supplement weather station networks
in areas of complex topography. This higher density networks will allow for improved spatial
interpolation method development due to the in-situ validation points better quantifying the
variation over short distances.

The outcomes from this study integrate with Winetech’s flagship climate project NT13. The aim of the
project is to provide the wine industry with a high-resolution spatial data, accessible via an online
spatial decision support system that aids long and short-term decision making in the context of
climate change.

13. PERSONS PARTICIPATING IN THE PROJECT
Initials &
Surname

Highest Qualif Race (B, W) Gender (M, F) Institution &
Department

Position Cost to
Project

AE Strever PhD W M Stellenbosch
University

PL

C Poblete PhD W M Stellenbosch
University

Coll
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Prof R Schulze PhD W M University of
KZN

Co R100 000

Nicholas Davis MSc W M University of
KZN

Coll

Wim Hugo MSc W M SAEON Co

C Jarmain PhD W F Fruitlook Coll

E Moffat MSc W F Stellenbosch
University

TA R 80 000

J Muller MSc W M Stellenbosch
University

Coll

C Theron BSc (Hons) W M Stellenbosch
University

RA R15 000

TO Southey PhD W F Stellenbosch
University

PL/PF R600 000

K Loggenberg BSc (MSc) W M Stellenbosch
University

Co R 80 000

K Barratt BSc (MSc) W F Stellenbosch
University

Co R50 000

A Belloto BSc (MSc) W M Italian
Collaboration

Coll

N Manzan BSc (MSc) W M Italian
Collaboration

Coll

Rudolf Lüttich BSc (MSc) W M Stellenbosch
University

Coll

** (Only applicable to persons who participate as Consultants or on Contract)

(3)Position Co = Co-worker ( other researcher at your institution)
Coll = Collaborator ( participating researcher that does not receive funding for this project from

industry)
PF = Post-doctoral fellow
PL = Project leader
RA = Research assistant/ student
TA = Technical assistant/ technician
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14. BUDGET

TOTAL COST SUMMARY OF THE ENTIRE PROJECT
TOTAL
ANNUAL
COSTS
(ALL
YEARS)

CFPA RAISIN
SA

SAAPPA-
SASPA

SATI Winetech ARC THRIP OTHER TOTAL

TOTALS 0 0 0 0 1430000 0 0 30000 1460000

2016 680000 30000 710000

2017 715000 715000

2018 35000 35000

2019 0

2020 0

2021 0

2022 0

2023 0

2024 0

2025 0

2026 0

TOTAL 1460000
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