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A worthy goal
Maps of soil moisture, in cm3 of water/cm3 of soil, with the following attributes:
 Delivered daily.
 Never more that 24 hours old.
 25 m x 25 m horizontal resolution covering the entire area to be irrigated.
 Well quantified uncertainties on the soil moisture map.
 Soil moisture at multiple depths e.g. 5 cm, 10 cm, 20 cm, 50 cm and 1 m.
 Integrate seamlessly with VRI on centre pivot irrigators.
How do we get there?
What about measuring soil moisture from space?There are two different ways of doing that:
1. Microwave radiometer
2. Multispectral imaging
Let’s take a brief look at both.

Microwave radiometry
 Measures natural microwave emissions from soil in the so-called ‘L band’ (1.41 GHz) to
infer ‘brightness temperature’. This frequency is optimal for inferring soil moisture.
 Brightness temperature depends on (i) the physical temperature of the soil and (ii)
dielectric properties of the soil.
 If the temperature of the soil is known, the dielectric constant can be figured out from
the brightness temperature.
 Dielectric properties depend on soil moisture.
 Microwaves pass through clouds and so we can measure soil moisture under cloudy
conditions.
 Two different satellites currently use this methodology → SMOS (Soil Moisture Ocean
Salinity) and SMAP (Soil Moisture Active Passive) and provide daily maps.
 Not great spatial resolution → SMOS is 40km x 40km and SMAP is 3km x 3km.

Multispectral imaging
NDVI=
NIR-Red
NIR+Red

 SEBAL algorithm relates multispectral
images to estimated evapotranspiration
and then calculates biomass growth,
water deficit and soil moisture.
 SEBAL needs supplementary
meteorological data such as wind
speed, humidity, solar radiation and air
temperature.
 Only possible under clear-sky
conditions.
 Images available from multiple satellites
at much higher resolution e.g. 25m x
25m.
 Infrequent overpasses.

Making the best of all worlds
 Models capture our best
knowledge of the physics
of the system.
 As the models step forward
in time their evolution is
strongly constrained by all
available measurements →
so-called data assimilation.
 Hourly soil moisture maps
are generated by the
hydrology model.
 The more measurements
available the more accurate
the maps.

Conclusions
 All of the puzzle pieces needed to create a high quality, high spatial resolution (25 m x 25 m),
timely (no older than 24 hours old), soil moisture map product that provides soil moisture at
multiple depths, are available.
 The system optimally combines all possible sources of soil moisture measurements.
 Satellite data are used as well as other ground-based methods.

 The recently established Centre for Space Science Technology (CSST; www.csst.co.nz) would be
able to facilitate access to the space-based measurements.
 What is still needed is industry investment to pull all of the puzzle pieces together to create a
service that delivers such maps to irrigators.

