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SHORT COMMUNICATION

Solar Atlas of New Zealand from satellite imagery
Alan C. Brent , James (Jim) Hinkley , Daniel Burmester and Ramesh Rayudu

Sustainable Energy Systems, School of Engineering and Computer Science, Victoria University of Wellington,
New Zealand

ABSTRACT
The utilisation of solar resources has become of utmost importance
for the transition of the global, carbon intensive economy. In New
Zealand the uptake of solar energy has increased substantially,
but the relative contribution to the overall energy mix is still
small. Previous research efforts on the solar resource across the
country are revisited with improved satellite-modelled data from
Solargis to derive a solar atlas for the country. A comparison is
made with NIWA data, which shows that the modelled data are at
an adequate level of accuracy and improves our understanding of
the solar resource at an appropriate spatial and temporal
resolution. The solar atlas makes available a commercial satellite
data source and informs further investigations into how solar can,
and will, play a more meaningful role in our transition to a low
carbon future.
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Introduction

The Key World Energy Statistics of the International Energy Agency (IEA 2018) shows
that renewable energy resources, other than biofuels and waste, contribute only 5%
when considering the total primary energy supply (TPES). This is a key concern for dec-
arbonising the world economy. However, while the TPES is stabilising towards 585,000 PJ
globally, and around 221,900 PJ in OECD countries, the contribution of renewables is
becoming more important, with hydro electricity production increasing by around
three times (to over 21,000 PJ), wind electricity production by a factor of ten (to
around 5,000 PJ), and solar by nearly one hundred times (to over 1,700 PJ), from 2005
to 2016. With respect to solar photovoltaic (PV) technologies, the International Renewable
Energy Agency (IRENA 2019) indicates a 64% increase in installed capacity from 2016 to
2018, to over 480 GW (from 100 GW in 2012). The IEA (2019) projects this capacity to
increase to around 700 GW in 2024, with around half of the installed capacity attributable
to distributed PV (as opposed to centralised, utility-scale installations).

New Zealand has also seen a growth in the uptake of solar PV, with the installed
capacity increasing by 26% for the year ending in September 2019, to over 100 MW
(EA 2019). The largest increase has been in the Auckland and Canterbury regions, attribu-
table to the perceived solar resource and the market size in these regional councils (see
Figure 1). Nevertheless, the Ministry of Business, Innovation and Employment (MBIE
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2019) reports that, in 2018, the energy from solar PV constituted less than 0.1% (or 0.72
PJ) of the TPES in the economy (890.68 PJ). On the other hand, an addendum to the Te
Mauri Hiko scenarios of Transpower (2019) projects solar to generate between 36 and 115
PJ of electricity (of a total of 317 PJ) by 2050, of which at least half will be from distributed
solar PV.

The question is then whether solar energy will see sustained growth in New Zealand,
and to what extent this resource can contribute to a just transition to a net zero carbon
emissions economy, as envisaged through the Climate Change Response (Zero Carbon)
Amendment Act (Parliamentary Counsel Office 2019). The first step to address the ques-
tion is to have a good understanding of the solar resource across the country, at an appro-
priate spatial and temporal resolution, and then investigate how the resource relates to the
energy demand profiles in the economy.

Previous and ongoing analyses of the solar resource

Research up to 2010, on the potential to transition the electricity system of New Zealand to
100% renewables, largely ignored the potential of solar, on the basis that the resource is
limited and the nascent state of development of the conversion technologies at the time
(Mason et al. 2010). Nevertheless, early estimates of the solar radiation in New Zealand
were made for specific locations (Western 1990; Anderson and Duke 2007), and mean
annual solar radiation data were captured in the Land Resource Information Systems
(LRIS) portal in 2010 (Landcare Research 2010), as part of the Land Environments of
New Zealand (LENZ) programme of the Ministry for the Environment (Leathwick
et al. 2002). Surface estimates of monthly and annual solar radiation were fitted in a geo-
graphical information system (GIS) layer using climate data from a total of 98 meteoro-
logical stations for which solar radiation data were either measured directly (18) or
estimated from sunshine hours. Many subsequent research efforts have relied on this
data (see Table 1), which is maintained in the National Climate Database and provided
through the CliFlo web system of the National Institute of Water and Atmospheric

Figure 1. Installed solar PV distributed generation trends in New Zealand. Source: emi.ea.govt.nz.
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Research (NIWA 2019a). The database collects data from over 600 monitoring stations
that are currently operating, and CliFlo returns raw data and statistical summaries.

Further research efforts have provided a better estimation of the solar radiation for the
whole country, based on themonitoring stations’ data and adjusted for the effects of clouds,
using, for example, the twice daily overpass of advanced very-high resolution radiometer
(AVHRR) instruments on satellites (Liley 2013). The analysis approach is the basis for
the SolarView program and calculation tool of NIWA (2019b), which is meant to be a
guide, and not for accurate predictions (NIWA 2019c). The program combines an image
of the local landscape with irradiance data averaged over ten years, typically sunlight
hours data, from the nearest climate station to a specified location, on an hourly basis.

The national monitoring and analyses are ongoing (for example Hyett 2017) as part of
the Baseline Surface Radiation Network (BSRN) of the World Climate Research Pro-
gramme (WCRP 2018).

A more in-depth analysis of the solar resource, and the potential for solar PV, was
undertaken for the Auckland metropolitan area. The Energy Centre of the University of
Auckland established a web-based tool to evaluate the rooftop solar potential in Auckland
(Suomalainen et al. 2017a, 2017b). A digital 3D model of the city was developed with its
topography, trees and buildings, to calculate the slope and aspect of Auckland rooftops,
and the associated annual solar radiation, from LiDAR1 data provided by the Auckland
Council, at a spatial resolution of one square metre. The results show an underestimation
of between 5 and 10%, when compared to the SolarView tool of NIWA. The difference
may be attributable to spatial resolution when analysing the solar resource, but no conclus-
ive argument is made (Suomalainen et al. 2017a, 2017b) due to the inherent uncertainties
with the output of the SolarView tool (NIWA 2019c).

Advances in solar radiation modelling and remote sensing

Modelling solar irradiance from satellite imagery has become the most widely used
approach for evaluating solar resources (Kaskaoutis and Polo 2019), with two key appli-
cations (Bright 2019):

. Solar irradiance forecasting, which is vital for power systems management, where the
capability to proactively manage the intermittent solar resource is imperative for
reliable and secure operations of the grid.

Table 1. An overview of previous New Zealand studies and sources of data used.
Study Data source

Western 1990 Measurements take at a specific location and calibrated with meteorological station data
Anderson and Duke 2007 Meteorological station data
Landcare Research 2010 Estimates/predictions from 98 meteorological stations
Eltayeb 2013 NIWA/LENZ maps
Liley 2013 NIWA Climate Database and the effect of clouds from twice-daily AVHRR satellite

overpass
Ahmad et al. 2015 CliFlo database – 2014
Hyett 2017 Physical measurements at the Lauder meteorological station
Suomalainen et al. (2017a,
2017b)

LiDAR data, and the Solar Radiation toolkit of the ArcGIS software* to cover an area of
2250 km2

*http://desktop.arcgis.com/en/arcmap/10.3/tools/spatial-analyst-toolbox/an-overview-of-the-solar-radiation-tools.htm
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. Production of historical irradiance datasets for solar resource assessment and yield
analysis of solar facilities.

The common temporal resolution, or standard image frequency, is 30 min, which,
importantly, corresponds with the New Zealand electricity market (Philpott et al. 2019).

The principles and methods for estimating the solar resource from satellite imagery are
well established (Bright 2019; Polo and Perez 2019), and satellite-based models are divided
into: models using polar orbiting satellite imagery, and models for geostationary satellites.
However, with respect to the available remote sensing technologies, geostationary satellite
images provide unrivalled temporal and spatial resolutions (Bright 2019). The spatial res-
olution is now provided in the order of hundreds of metres, which is adequate to, for
example, evaluate rooftop solar PV performances across countries (Bódis et al. 2019).

Establishing a Solar Atlas of New Zealand

Many commercial solar radiation products and databases that were, and are, developed
from satellite imagery, are available (Polo and Perez 2019). The World Bank Group,
with funding from the Energy Sector Management Assistance Programme (ESMAP)
selected Solargis, a widely used service provider, to establish the Global Solar Atlas (Solar-
gis 2019a).

Based on this platform Victoria University of Wellington undertook the development
of a Solar Atlas of New Zealand with Solargis (2019b). The solar radiation was calculated
by numerical models, which are parameterised by a set of inputs characterising the cloud
transmittance, state of the atmosphere, and terrain conditions (Solargis 2019b).

Perez et al. (2013) provide a comprehensive overview of the Solargis models, and Cebe-
cauer et al. (2010) and Šúri et al. (2010) describe the underlying methodologies. Cebecauer
et al. (2011) and Šúri and Cebecauer (2014) discuss the related uncertainty and require-
ments for bankable datasets.

The full technical report of Solargis (2019b) contains the further details that underpin
the developed Solar Atlas, and is provided as supplementary material to this paper. Table 2
provides an overview of the input data used in the models and the related solar resource
outputs – as Global Horizontal Irradiance (GHI) and Direct Normal Irradiance (DNI).

Table 2. Input data used in the Solargis solar radiation model and the related GHI and DNI outputs.

Input data Source
Time

representation Original time step
Approximate grid

resolution

Cloud index MTSAT 2 satellite 07/2006–2015 30 min 4.6 × 7.1 km
Himawari 8 satellite
(both JMA)

2016 to date 10 min 2.3 × 3.6 km

Atmospheric optical depth
(aerosols)*

MACC-II/CAMS*
(ECMWF)

2007 to date 3 h (aggregated to
daily)

75 and 125 km

Water vapour CFSR/GFS (NOAA) 01/2006 to date 1 h (aggregated to
daily)

35 and 55 km

Elevation and horizon SRTM-3 (SRTM) 250 m
GHI and DNI Modelled by Solargis 2006 to date 30 min 250 m

*Aerosol data for 2007–2012 come from the reanalysis database; the data representing years 2013-present are derived from
near-real time (NRT) operational model.

Source: Solargis (2019b).
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The uncertainty of the solar resource is estimated to be ±4.0 to ±5.5% (for GHI) and ±9.0
to ±13.0% (for DNI) (Solargis 2019b).

The Solar Atlas was derived from the Solargis algorithms using the original 10-minute
and 30-minute time series of satellite images, and auxiliary atmospheric datasets; as GIS
raster data layers, which, apart from the GHI (kWh/m2) and DNI (kWh/m2), comprise
of: GTI – Global Tilted Irradiation at optimum angle (kWh/m2), DIF – Diffuse horizontal
irradiation (kWh/m2), OPTA – Optimum Angle for GTI (°), TEMP – Temperature at 2
metres (°C), and PVOUT – Photovoltaic Electricity Output (kWh/kWp). Images of the
long-term average GIS raster data layers are provided for monthly and yearly GHI
totals as further supplementary material to this paper (see, for example, Figures 2
and 3), which also include the transmission grid as an overlayer.

Verification of the Solar Atlas with NIWA data

The modelled data from the Solar Atlas were verified with the measured data from the
meteorological station of NIWA in Kelburn, Wellington, where eighteen years of solar
data have been recorded. The hourly solar data for the Kelburn station was obtained
from the CliFlo database (NIWA 2019a) for the 2018 year. As per the report of the
Energy Sector Management Assistance Programme (ESMAP 2019), twelve months of
data is deemed adequate to validate the modelling outputs.

The measurement data were assumed to be of high quality, with acceptable errors from
well-maintained instruments. However, at certain times over the year, especially from Sep-
tember to November, the measurement equipment were not operational. These data
points were excluded from the dataset, which comprises of 4,335 h when the solar resource
was measured by NIWA and modelled by Solargis.

Table 3 provides the cumulative GHI on a monthly and annual basis. The difference
between the cumulative, annual measured and modelled data is less than 42.5 kWh/m2.
The statistical parameter that is commonly used for evaluation of differences between sat-
ellite data and ground measurements (ESMAP 2019) is the relative Mean Bias Deviation
(rMBD), and is calculated to be 3.2% for the annual GHI data. This is similar to the ±3.1%
bias reported for 80% of 208 site validations across the globe, and the ±4% reported for the
Lauder measurement site in New Zealand (Solargis 2019c).

For the summer months (December, January and February) the rMBD is 0.6%, but for
the winter months (June, July and August) the rMBD is 8.3%. This emphasises the impor-
tance of the clouds, for example intermediate clouds, when analysing a specific site. For
locations with high levels of cloud persistence and variability, the report of ESMAP
(2019) indicates a P90 uncertainty estimate of ±7%. For New Zealand, the modelling
output (in Table 3) indicates a clear underestimation of cloud effects, although the
actual overestimation of the GHI values is deemed small; for example, if the values are
used to analyse monthly solar PV outputs.

In terms of the daily solar resource profile, the maximum GHI was recorded at 13h00
on the 6th of January, with 1.108 kWh/m2. The minimum GHI at 13h00 was recorded on
the 1st of July, with 0.039 kWh/m2. A comparison of the Solar Atlas analysis with the
hourly recorded data, for these two days, are provided in Figures 4 and 5.

For days with a better solar resource, the Solar Atlas provides a similar daily profile,
although (for this case) with a lower cumulative GHI; 6.285 kWh/m2 compared to
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Figure 2. Long-term average of annual sum of GHI, period 2007–2018 [kWh/m2], for the North Island.
Source: Compiled from Solargis (2019b) and Transpower (2018).
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6.481 kWh/m2 from the actual measurements on the 6th of January, or a rMBD of −3.1%.
For days with a worse solar resource, the results are significantly different in two ways.
First, the cumulative GHI from the Solar Atlas can be much different; 0.665 kWh/m2

Figure 3. Long-term average of annual sum of GHI, period 2007–2018 [kWh/m2], for the South Island.
Source: Compiled from Solargis (2019b) and Transpower (2018).
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compared to the recorded 0.386 kWh/m2 on the 1st of July, or a rMBD of 41.9%. Second,
there can be a clear difference in the daily profile. This is (again) due to cloud effects that
are not captured accurately in the modelled data from satellite imagery.

Table 3. Comparison of the CliFlo data and the Solar Atlas outputs for the average monthly GHI
resource – for 2018.

Month
CliFlo Solar Atlas Difference rMBD*

kWh/m2 kWh/m2 kWh/m2 %

January 189.6 188.6 −0.9 −0.5
February 151.9 151.3 −0.6 −0.4
March 117.8 120.0 2.2 1.9
April 90.6 91.8 1.2 1.3
May 54.8 57.4 2.6 4.5
June 37.8 43.8 6.0 13.8
July 47.9 51.7 3.8 7.4
August 68.3 72.5 4.2 5.8
September 94.5 101.6 7.1 7.0
October 80.5 84.6 4.1 4.9
November 150.3 158.6 8.2 5.2
December 185.8 190.3 4.5 2.4
Annual 1269.7 1312.1 42.4 3.2

*rMBD = 1 – [CliFlo]/[Solar Atlas].

Figure 5. Recorded and modelled GHI data for the Kelburn station, on 1 July 2018.

Figure 4. Recorded and modelled GHI data for the Kelburn station, on 6 January 2018.
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Utilising the Solar Atlas

The comparative analyses emphasise the usefulness of the Solar Atlas. It cannot replace on-site
measurements, which is the industry standard and necessary for project financing. For
example, for utility-scale PV projects, such as the solar farm of Refining NZ (2019) or the
floating PV array atWatercare inAuckland (Maisch 2019), satellite data sources are acceptable
where extensive historical data are not available, but measurements from ground-based
stations are still required over a number of years to make such projects bankable (IFC
2015). It does, however, provide reasonably accurate data – typically only available commer-
cially – to analyse the potential impact of spatially distributed solar technologies on the electri-
citymarket, and augments the SolarView tool ofNIWA,which, as stated, ismeant tobe a guide.

For example, the potential opportunities associated with adding solar capacity to large
hydropower sites that can be flexibly operated is recognised (World Bank 2018), and is
currently receiving attention in New Zealand (Maisch 2019). The modelled data for
eleven potential sites are provided in Table 4, with a P90 uncertainty estimate of ±4%
to ±8% (Solargis 2019c).

In terms of other economic opportunities, the Solar Atlas offers insight in terms of
where, and how, solar can play an important role in the energy transition. For example,
Anderson and Duke (2007), for the dairy industry, indicated that the solar resource in
the Waikato region (above 1400 kWh/m2 from the Solar Atlas) is significantly higher
than corresponding diary production regions in Germany (around 1150 kWh/m2),
where thermal energy produced from solar is used for processing. Also, milk production
and solar radiation exhibit a degree of correlation (Anderson and Duke 2007).

Investigations of how the solar resource of New Zealand is used, and can be used more
effectively, to address energy demand profiles in the economy are ongoing.

Note

1. Light Detection And Ranging – a remote sensing technique that uses high-frequency laser
pulses to gather information about a surface.
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