	Use of Sentinel-2 and climate data for regional prediction of red needle cast incidence

	
Introduction/Aim: 
The fungal disease Phytophthora pluvialis, or Red Needle Cast (RNC), has become widespread within radiata pine, the dominant plantation forest species in New Zealand, particularly on the East Coast of the North Island. 

Methods: 
The impact of the disease was apparent from a visual assessment of Sentinel-2 imagery, a time series of which was then reviewed using a range of common spectral indices used as indicators of vegetation condition using Google Earth Engine (GEE). Assessment showed that a normalized index of the red and green bands were most sensitive to the discolouration caused in the upper canopy by disease expression. Using an image difference approach within an existing forest boundary dataset updated with harvest masking and dates informed by the time series assessment, the relative severity of the disease expression was calculated as a function of the difference between T1 and T2 red/green index values, using March as a pre-expression baseline, and September as the peak of expression. This process was completed over 5 years, from 2019 to 2023, and used to generate a plot database of disease expression within the East Coast region. The expression value was classified into no expression, low, medium and high classes and related to VCSN climatic data, with variables describing solar radiation, relative humidity, rainfall, wind, and temperature extremes. 

Results: 
Reviewing the Sentinel-2 classifications against RNC area manually digitized from concurrent very high resolution (VHR) satellite data, a good correlation is apparent. A random forest model was trained from the classified plots with climatic data sampled in GEE which was able to predict likely incidence of RNC with a high degree of accuracy across the 5 years of the study, with both years with little disease expression and years with a high degree of expression classified well. The four climate variables that offered the best relationship with the red-green index difference values were relative humidity, rainfall, radiation and maximum temperature, occurring in February, offering a 7-8 month advance warning before peak expression. 

Conclusion: 
Large-scale detection of RNC data using a simple image differencing approach is an effective approach to classify apparent disease extent and severity. A strong relationship between disease expression and climatic variables was apparent and offers a potential avenue for better future management of the disease by providing advance notice of possible disease hotspots for treatment before peak disease expression.
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