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OVERVIEW OF PROJECT WORK AND OUTCOMES 
Non-technical summary  
This project investigated the impact of climate change on an important disease of potato, Late 
Blight, in the Asia Pacific Region. Potato is increasingly grown in the Asia Pacific as a food staple and 
ŎŀǎƘ ŎǊƻǇΣ ǿƛǘƘ LƴŘƛŀ ōŜƛƴƎ ǘƘŜ ǘƘƛǊŘ ƭŀǊƎŜǎǘ ǇǊƻŘǳŎŜǊ ƛƴ ǘƘŜ ǿƻǊƭŘΦ 5ǊŀǿƛƴƎ ƻƴ ǘƘŜ ǇǊƻƧŜŎǘ ǘŜŀƳΩǎ 
agrometeorology and plant pathology skills, an assessment was made on (i) the climate projections 
for potato growing regions across India, Bangladesh and Australia (ii) the effects of climate change 
on potato production and (iii) the influence of climate change on potato late blight and subsequently 
the effects on potato yield under future climates.  One major achievement of this project was the 
new collaboration formed between the three countries on a significant disease issue of potato. This 
was the first time, crop modellers, agrometerologists and plant pathologists combined their 
expertise to understand the effects of climate change on this important disease system for the three 
countries. Over 20 years of disease incidence data was collected from West Bengal and Bangladesh 
which was critical in predicting future disease incidence. Importantly, we have developed three 
country policy briefs to deliver the key findings of this project to the Bangladesh and West Bengal 
Agriculture ministers and to Australian Biosecurity agencies. The project team has formed a new 
capability to investigate the risk of pests and diseases under future climates and we would now like 
to extend this capability to other major crops and their pests and diseases within the Asia Pacific. 

 
Objectives  
The main objectives of the project were:  
1. To share and collate observations and data on any increased risks posed by pests and disease to 
major food crops of the Asia Pacific under climate change. 
2. To form a new collaboration between Australian crop biosecurity scientists and modellers with 
Indian and Bangladesh pathologists and entomologists with a focus on understanding the effects of 
Climate Change on crop losses due to pests and diseases.  
3. Develop strategies for agriculture and government based on shared knowledge of the project 
team, to respond to any increased risks posed to food crops (policy briefs) 
4. To prepare a scientific paper for submission to an international journal on climate change eg. 
Global Change Biology. 
 
Amount received and number years supported 
$ USD 38,720 for Year 1:  
$USD 39,520 for Year 2: 
 
Activity undertaken  
 

Workshop 1: Bidhan Chandra Krishi Viswavidyalaya University Kalyani, Kolkata- 15-17 Dec 
2009 

The first workshop was held at BCKV University, West Bengal State, India. Agrometerologists 
discussed the climatic variables already affecting Bangladesh, such as severe cyclones in the Bay of 
Bengal, increasing temperatures increasing precipitation, increasing intensity of floods and droughts 
and increasing sea levels with rising salinity in soil a major concern for Bangladesh. In India, the rising 
temperature was considered more limiting and expected to negate the CO2 fertilisation effect 
despite the higher transpiration efficiencies. The general approach adopted at the workshop was to 
identify the climatic risks for each country and then determine how current practices and policies 
can be adapted to reduce these risks. A session was held to identify which disease could be a 
common focus for the project, using criteria such as the economic significance, severity of the 
disease or pest, evidence of changes to distribution or severity, scientific capability and level of 
background data. After some discussion, a consensus was reached on Potato Late Blight 
(Phytophthora infestans) as the common disease for the network to focus on. A strong case study 



will be developed over the next 12 months to demonstrate the effects of late blight on a global food 
staple, potato and how the increasing intensity of droughts and floods may alter the severity and 
distribution of this disease, in the three member countries.  

 

Image: Workshop 1 delegates, Kalyani 15-17 Dec 2009 

Workshop 2 DPI Victoria Melbourne and the University of Western Sydney Oct 17-22, 2010 

The second Workshop was held at the Department of Primary Industries (DPI) Victoria, Knoxfield and 
the University of Western Sydney (UWS), Hawkesbury campus. The workshop focussed on Potato 
Late Blight in India and Bangladesh.  Chilling stories were told of Indian farmers recently suiciding as 
a result of total crop loss due to PLB, highlighting the seriousness of this disease. India and 
Bangladesh have the aggressive mating type of Phytophthora infestans, whereas Australia is one of 
the few countries that do not have the aggressive strain of the pathogen. The historical datasets 
(1972-2010) for planting times, late blight initiation and severity were presented for both countries 
with climatic data sets associated with late blight establishment presented by project agro 
meteorologists, for the same period. In addition, downscaled climate projections to 2100 will be 
used in conjunction with published Late Blight models to determine if there will be increased risk in 
Late Blight incidence under future climates for India, Bangladesh and Australia. Project members 
visited Thorpdale and the Hawkesbury potato growing regions in Victoria and NSW to meet 
Australian growers to learn how late blight is managed in Australia.  
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Image: Bangladesh team members in potato field, Thorpdale Victoria (L to R), the late Dr Delowar 

Hossain, Prof G. Miah and Dr M. Assadazzuman 

 
Workshop 3 Writing paper and policy Brief, Kasestart University, Bangkok May 8-13, 2011 
 
The main objective of the third workshop was to prepare a scientific paper and three country policy 
ōǊƛŜŦǎ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ ƛƳǇƭƛŎŀǘƛƻƴǎ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ǊŜǎŜŀǊŎƘΦ ²ǊƛǘƛƴƎ ƎǊƻǳǇ ƭŜŀŘŜǊǎ ǇǊŜǎŜƴǘŜŘ 
summaries of what they had achieved to date.  The team discussed the implications for policy from 
an industry and government perspective and presented a draft template which was completed at 
the workshop.  The need to document a policy statement was agreed to be a very useful outcome of 
the project and it was decided to prepare separate documents for each country. 

 

 
Image: Workshop 3 delegates at Kasestart University, Bangkok (R. Spooner-Hart missing from photo) 

 
 
 
 



Relevance to the APN Goals, Science Agenda and to Policy Processes 
 

This project involved the co-ordination of data at the regional and national level for India and 
Bangladesh. The meteorology expertise (India Meteorology Department, Delhi) was linked to pest 
and disease data (Bangladesh, India) and used in crop models and Late blight models to provide a 
multidisciplinary program of Global Change Research. These links will strengthen the research 
capacity on climate change and food crop pest and diseases. A scientific paper on the research 
outcomes of this project will formalise the network formed through the APN, increasing the 
ŜȄǇƻǎǳǊŜ ƻŦ ǘƘŜ !tbΩǎ Ǝƭƻōŀƭ ǊŜǎŜŀǊŎƘΦ 
 
The information generated in this project will be transferred to decision makers through three policy 
briefs tailored to each member country (Appendix). To respond to future climates, changes to 
industry practices and government policies may be required. This project identified the potential 
risks associated with climate change and plant biosecurity and food crop management.   
 
 
Self evaluation  
 
The three workshops were very productive with the major milestone from the APN-GC project (a  co-
authored draft manuscript) being successfully complŜǘŜŘ ƻƴ άǘƘŜ ƛƳǇƭƛŎŀǘƛƻƴ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ǘƻ 
Ǉƻǘŀǘƻ ǇǊƻŘǳŎǘƛƻƴ ŀƴŘ tƻǘŀǘƻ [ŀǘŜ .ƭƛƎƘǘ ŘƛǎŜŀǎŜ ƛƴ .ŀƴƎƭŀŘŜǎƘΣ LƴŘƛŀ ŀƴŘ !ǳǎǘǊŀƭƛŀέ  which we have 
adapted for the technical summary. This paper brings together data from member countries on 
potato production, historic incidence of the disease together, the climate variables important for 
establishment of this disease and a review and validation of the models used to analyse potato yield 
and potato late blight incidence with respect to future climates. 

The main achievement of the project was the successful combination of different disciplines eg.  
agrometeorologists, entomologists, pathologists and crop modellers from the three member 
countries focused on a common goal. The multi-disciplinary approach resulted in a much more 
comprehensive analysis of PLB severity under future climates than simply tackling the problem from 
a pathology and climate perspective only.  It was important to understand how the crop itself 
responded to future climates before understanding how the pathogen behaves. 

 
Potential for further work  
! ŎƻƴŎŜǇǘ ǇǊƻǇƻǎŀƭ άtƻǘŀǘƻ /ǳƭǘƛǾŀǊ ŀƴŘ /ǊƻǇ LƳǇǊƻǾŜƳŜƴǘ ŦƻǊ {ƻǳǘƘ-Southeast Asia and the Pacific 
wŜƎƛƻƴ ƛƴ ǘƘŜ /ƻƴǘŜȄǘ ƻŦ /ƭƛƳŀǘŜ /ƘŀƴƎŜέ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŀǘ ƻǳǊ Ŧƛƴŀƭ ǿƻǊƪǎƘƻǇ ǘƻ ŜȄǇŀƴŘ ǘƘŜ ǿƻǊƪ 
done in this project to include adaptation to potato pests and diseases in the Asia Pacific through 
cultivar improvement. This proposal has been submitted recently to the APN. This project aims at 
identification of new emerging scenarios of major biotic (diseases and pests) and abiotic (drought, 
heat, excess humidity and soil salinity) constraints to potato production under the climate change 
situations in the Asia and Pacific region, and the need of new types of cultivars and production 
techniques for adaptation. 

 
Acknowledgments 
This report and paper that emanates from this project will be dedicated to the late Dr Delowar 
Hossain, our dear colleague who sadly passed away shortly after our final workshop in Bangkok. He 
was a dedicated plant pathologist who worked for the Bangladesh Agricultural Research Institute 
and contributed greatly to the preparation of the historical incidence of potato late blight section in 
this report. On behalf of the project team it was our pleasure to collaborate with him on this project, 
we greatly appreciated his efforts and we will remember him fondly. 
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TECHNICAL REPORT 
Preface 
The following report is an adaptation of the manuscript we have developed from the 
research conducted in this project. We present (i) Our findings from modelling the climate 
projections for the potato production regions in West Bengal, Bangladesh and Australia (ii) 
the effect climate change will have on potato yield in each of these regions and (iii) how the 
risks posed by  the fungal disease, Potato Late Blight may be altered in future climates. 
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1.0 Introduction 

 

The Intergovernmental Panel on Climate Change reported that global surface temperature 

has increased 0.74 °C during the hundred years ending in 2005 (IPCC, 4th assessment report).  

Global Climate Models project a rise in global temperature by 1.8 to 4°C by the year 2100 due 

to the increase in greenhouse gases in the atmosphere. This is expected to have significant 

consequences for suitability and productivity of current agriculture in specific agro-ecological 

zones, as well as on the incidence and severity of diseases affecting agricultural crops. 

 

tƻǘŀǘƻ ƛǎ ǘƘŜ ǿƻǊƭŘΩǎ ƳŀƧƻǊ ƴƻƴ-cereal food crop and the fourth largest crop after maize, rice 

and wheat, with production reaching a record 325 million tonnes in 2007 (FAO 2008). Potato 

consumption is growing strongly in the developing countries, which now account for more 

than half the global harvest. An increasing demand for food from growing populations, 

together with the impact of a changing climate on weather patterns, is driving a push for 

greater diversification of agricultural crops to ensure food security in the developing world. 

The potato is ideally suited to regions where land is limited and labour is abundant, 

conditions that characterise much of the developing world (FAO 2008). The potato produces 

more nutritious food more quickly, on less land and in harsher climates than any other crop. 

Its ease of cultivation and high energy content has made it a valuable cash crop for millions of 

farmers in the developing countries (FAO 2008).  

 

Asia is second to Europe in annual potato production (FAO 2008) (137 M tonnes and 130 M 

tonnes in Asia/Oceania and Europe in 2007, respectively), which together account for more 

than 80% percent of world production.  India ranks as the third largest potato producing 

nation (26 million tonnes in 2007).  In Bangladesh, the value of potato production is second 

only to that of the rice crop. In 2007, 4.3 million tonnes were harvested, placing the country 

ŀǘ bƻΦ мп ŀƳƻƴƎ ǘƘŜ ǿƻǊƭŘΩǎ Ǉƻǘŀǘƻ ǇǊƻŘǳŎŜǊǎ ŀƴŘ bƻΦ п ƛƴ !ǎƛŀΦ !ǳǎǘǊŀƭƛŀΩǎ ŀƴƴǳŀƭ Ǉƻǘŀǘƻ 

crop of 1.3 million tonnes is small in comparison to world production. However, potatoes rate 

as the most important horticultural crop in Australia, accounting for more than 40 percent of 

total vegetable output. Annual per capita consumption in India, Bangladesh and Australia are 

17, 24 and 54 kg, respectively (FAO 2008).  

 

Late blight of potato (Solanum tuberosum), caused by the oomycete pathogen Phytophthora 

infestans, is considered to be the most economically important disease of potato worldwide. 

Under favourable climatic conditions, and without intervention (i.e. fungicide sprays), the 

disease can destroy a potato crop within a few weeks. Late blight is a major disease of 

potatoes in India (Singh 1996) and Bangladesh. The problem has been exacerbated by the 

introduction into Asia over the past two decades of new strains of P. infestans that are 

genetƛŎŀƭƭȅ ƳƻǊŜ ǾŀǊƛŀōƭŜΣ ŀƎƎǊŜǎǎƛǾŜΣ Ŧƛǘ ŀƴŘ ǊŜǎƛǎǘŀƴǘ ǘƻ ŦǳƴƎƛŎƛŘŜǎ ǘƘŀƴ ǘƘŜ ΨƻƭŘΩ ǎǘǊŀƛƴǎΦ Lƴ 

Australia, late blight is only a minor disease of potatoes, occurring sporadically in localised 

areas when weather conditions are favourable.  



 8 

 

Late blight is very ƳǳŎƘ ŀ ΨǿŜŀǘƘŜǊ-ŘǊƛǾŜƴΩ ŘƛǎŜŀǎŜΣ ŘŜǇŜƴŘŜƴǘ ƻƴ ǘǿƻ ƳŀƧƻǊ ŎƭƛƳŀǘƛŎ ŦŀŎǘƻǊǎΥ 

moisture and temperature (Harrison 1992). Late blight epidemics are favoured by still 

conditions with high moisture and moderate temperatures for periods of several days 

(Harrison 1992). Typically, late blight will develop when there are waves of warm moist air 

combined with stagnant or slow-moving weather depressions that give rise to lengthy 

periods of still, humid, overcast weather that result in a heavy deposition of dew on the 

leaves (e.g. light rain, fog or mists). These conditions are common in the summer in the 

temperature regions of Western Europe, for example, or in the tropical highlands of many 

developing countries.  

 

A key objective of the technical component of this project was to conduct a case study of 

climate change in India (West Bengal), Bangladesh and Australia and on the impact of the 

projected climate change on the productivity of the potato crop and on the severity of late 

blight.  

2.0 Methodology 

 

The information presented here was developed through a series of three workshops:  

 

Á Workshop 1 ς Scoping a case study ς understanding crop/pest/pathogen systems in 
common between West Bengal, Bangladesh and Australia and determining their 
suitability for a case study on climate change. The potato crop and the late blight 
disease of potato were selected by the team for further study; 

Á Workshop 2 ς Presentation of data on potato production, late blight disease, climate 
projections and the impact of a changing climate on potato productivity and the 
severity of potato late blight disease in West Bengal, Bangladesh and Australia; and  

Á Workshop 3 ς Consolidation of data for the case study and the development of a 
draft paper for publication in an international journal. 

 

The general approach was to apply realistic climate scenarios as defined by the IPCC 

applicable to each country. They are well understood throughout the world and provide a 

known reference for others to compare our results to analyses done in other locations under 

the same or similar climate scenarios.  Downscaled daily data were generated for two 

representative sites in each country to assess the likely effects of climate change on potato 

production and late blight disease in West Bengal, Bangladesh and Australia.  Specific 

methodology is described in their respective sections below. 
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3.0 Results and Discussion 
 

3.1 The importance of  potatoes in West Bengal, Bangladesh and 
Austral ia 

 

West Bengal 

 

 

Figure 1  Potato production areas and production intensity in India (red is highest) (source 

International Potato Centre) and the districts of West Bengal 

 

 

Based on 2008 figures (FAO 2008), India is the third largest producer of potatoes in the world 

(26 million tonnes with estimates of possibly 35 million tonnes at present). Figure 1 shows 

the production areas and production intensity. The potato is primarily a cash crop that 

provides significant income for farmers. Some potato varieties are grown on the Indo-

Gangetic plain during short winter days (October-March), while some are grown year-round 

in relatively high altitude areas in the south (FAO 2008).  The state of West Bengal accounts 

for more than one quarter of the total crop in India.   

 

 

 

 

 

 

International Potato Center (CIP), Lima, 

Peru; Version 2003.0.0; Data sources 

Hijmans 2001; FAO (2000-2002)
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Bangladesh 

Potato is an important cash crop in Bangladesh, grown as a winter crop from October-March, 

often after rice. The value of production was around $560 million in 2005, second only to that 

of paddy rice (FAO 2008). The 2007 harvest was estimated to be 4.3 million tonnes, which 

placed Bangladesh at No. 14 in the world and No.4 in Asia. Potato production areas of 

Bangladesh are presented in Figure 2.  

Potato will become even more important in Bangladesh with a Government drive to diversify 

agricultural crops in the country. Bangladesh is one of the most densely populated countries 

of the world (977 people/km2) with a population of 147 million and growing, and also one of 

the most densely farmed countries in the world.  Agriculture is the backbone of the economy 

accounting for 20.6% of GDP and 48.4% of employment. Rice is the dominant grain crop.  

With population predictions of 173 and 190 million by 2020 and 2030, respectively, 

Bangladesh will not be able to feed itself in the future. There is no scope for increasing rice 

production.   

Bangladesh faces the problems of a significant lack of arable land, an increasing demand for 

food, intensification of climate change and natural disasters. A diversification of the 

production systems, particularly tubers, vegetables, spices and other crops that are expected 

to improve agricultural output and income, has been given high priority by the government of 

Bangladesh. The potato crop is ideally suited to this program because it does not complete 

with rice and because of its ease of cultivation, high productivity per unit areas and diversity 

of uses. However, a changing climate may potentially have adverse effects on potato 

productivity into the future.  

 

Figure 2. Major potato growing areas of Bangladesh (2009-2010).  
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Australia 

Australia produces about 1.3 million tonnes of potatoes on 38,000 hectares (average 35 t/ha) 

on a wide range of soil types, climatic conditions and varying day lengths (Figure 3). Crops are 

generally grown over the Spring-Summer, although in some regions, two plantings are 

possible, a mid-summer planting and a mid winter planting. Annual farm gate value is 

estimated to be around $500 million annually. Production is highly mechanised with a 

continuing trend over the past few decades of fewer farmers working larger acreages. Crop 

yields are managed with a high input of fertiliser and irrigation. About 70% of production is 

processed for French fries and crisps, with the remainder used for the fresh market (table and 

seed potatoes). Only about 5% of the crop is exported. Because of the heavy reliance on 

irrigation to produce current yields, any trends in warming and drying of the climate could be 

expected to reduce productivity.  

 

 

 

Figure 3.Potato production areas in Australia  

 

3.2 Climate change predict ions for West Bengal, Bangladesh and 

Austral ia 

 

We were not able to use identical IPCC scenarios across all countries because some Global 

and Regional Climate Models do not provide all the IPCC scenarios (e.g. A1Fi).  We chose the 

A1B scenario for India and Bangladesh using two global climate models (EH5OM and 

HadCM3Q) downscaled respectively, by the RegCM3 and PRECIS regional models.  For 

!ǳǎǘǊŀƭƛŀ ǿŜ ŎƘƻǎŜ ǘƘŜ !мCƛ ǎŎŜƴŀǊƛƻ ǳǎƛƴƎ /{LwhΩǎ Ǝƭƻōŀƭ ŀǘƳƻǎǇƘŜǊŜ ƳƻŘŜƭ ό//!a-Mark 

3.5).  The A1B scenario describes a future world of very rapid economic growth, global 

population that peaks in mid-century and declines thereafter, and rapid introduction of new 
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and more efficient technologies and balanced across energy sources.  For Australia we chose 

the A1Fi scenario that represents a greater reliance on fossil fuel whereby emissions continue 

to accelerate through to mid century but the scenarios do not differ greatly until after 2050. 

 

3.2.1 West Bengal and Bangladesh 

 

Potato is a major horticultural crop grown in West Bengal and Bangladesh and yield of which 

is likely to be influenced by the future climate. To understand the future trend of climate and 

to study its impact on yield of potato two regional climate models (RegCM3 and PRECIS) were 

run over for selected locations in Australia, Bangladesh and West Bengal (India). This Regional 

Climate Models (RCM) are run at 25km resolution and driven with the Global Circulation 

Model (GCM) outputs as initial condition and boundaries. We have used EH5OM GCMs 

output in RegCM3 and HadCM3Q output in PRECIS. Both models used A1B scenario, which 

describes a future world of very rapid economic growth, global population that peaks in mid-

century and declines thereafter, and rapid introduction of new and more efficient 

technologies and balanced across energy sources. The RegCM3 is being developed by 

International Centre for Theoretical Physics, Italy while the PRECIS (Providing Regional 

Climate for Impact Studies) is being developed at Hadley Centre, UK Met Office, United 

Kingdom (http://www.metoffice.gov.uk/precis). 

 

The post processed outputs from the model runs were utilised for working out decadal mean 

for the ensuing four decades starting from 2011-2050. Both models showed an increasing and 

significant linear trend (0.2 to 0.6 C per decade) for the maximum temperature and minimum 

temperature (Table 1 and Figures 4 and 5), as indicated by IPCC (2007). Though both the 

models showed increasing trend for rainfall outputs from PRECIS are higher than those from 

RegCM3. No difference in solar radiation is predicted.  
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Table 1.  Decade-wise mean projections for Bangladesh and West Bengal for minimum and 

maximum temperature, solar radiation and rainfall determined from the downscaled RCMs. 

 

Decade 

RegCM3 PRECIS 

TMIN 

( C̄) 

TMAX 

( C̄) 

SRAD 

MJ/m2 

RAIN 

(mm) 

TMIN 

( C̄) 

TMAX 

( C̄) 

SRAD 

MJ/m2 

RAIN 

(mm) 

2011-2020 18.8 29.4 18.2 2004 20.1 28.9 16.7 2203 

2021-2030 19.0 29.6 18.1 2021 20.5 29.0 16.4 2432 

2031-2040 19.5 30.1 18.2 2058 20.9 29.6 16.7 2371 

2041-2050 19.9 30.4 18.2 2021 21.4 30.2 16.8 2505 
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Figure 4. Maximum temperature projections for decades 2011-2020 and 2041-2050. 
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Figure 5. Minimum temperature projections for decades 2011-2020 and 2041-2050. 

Representative locations were selected within West Bengal and Bangladesh to generate local 

daily data to run the potato and late blight disease models.  These locations were selected 

because of important climatic differences.  There is a greater temperature range at 

Krishnanagar than at Bagati.  The minimum temp during the growing season (Nov to Feb) at 

Krishnanagar is slightly cooler (12 to 17oC) than at Bagati (15-18oC) but the maximum 

temperature at Krishnangar is warmer (29-32 oC) than Bagati (22 to 28 oC).  Monthly rainfall at 

both locations is rather low because it is the dry season ranging from 9 to 24 mm at 

Krishnanagar and 6 to 38 mm at Bagati. 
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3.2.2 Austral ia 

 

We selected a tropical and temperate location in Australia to compare the expected effects 

of climate change on potato production by 2050.  The locations were Kairi Research Station, 

Queensland (Australian Bureau of Meteorology Station #031034, lat. 17.22oS Long. 145.57oE, 

elev. 697m) and Thorpdale State School, Victoria (Station #085081 Lat. 38.30oS, Long. 

146.20oE, elev. 243m).  The weather patterns during the growing seasons for these localities 

are different.  At the tropical location potato is grown during the dry season from the end of 

summer (March to May) and at the temperate location it is grown in the Spring-Summer 

(October to December) period.  The seasonality of climate change is, therefore, crucial to 

understanding its effects on potential potato production and on the incidence and severity of 

potato late blight.  

 

Climate Projections for Australia 

 

The International Panel on Climate Change (IPCC) scenarios were used to define likely climatic 

changes that are well understood throughout the world (IPCC, 2007).  This was to provide a 

known reference for others to compare our results to analyses done in other locations under 

the same or similar climate scenario.  We chose the IPCC scenarios A1Fi based on /{LwhΩǎ 

global atmosphere model (CCAM-Mark 3.5) to reflect a realistic possible future climate 

because it was clear that world-wide mitigation effects expressed in A2 and B1 were not 

likely.  Indeed, the present day (2011) actual atmospheric CO2 concentrations at Horsham in 

Victoria Australia are 386 ppm that is very close to the A1FI scenario (391 ppm).  We think 

that the future in Australia might be much more pessimistic than A1FI. 

 

The predicted change in winter (May to October) climate in Australia by 2050 shows 

significant warming and drying in much of the country (Figure 6).  For the two contrasting 

temperate and tropical areas of interest for potato growing (Gippsland, Victoria and the 

Atherton Tablelands, Queensland) the general trend of warming and drying applies with 

increases in daily minimum and maximum temperatures of around 2-3oC and declines in 

seasonal rainfall expected to be about 30-40% in both locations.  However, significant 

differences in solar radiation and humidity between these locations are evident.  In the 

tropical north solar radiation is expected to increase by around 0- 2% whilst in the southern 

location a greater increase of around 2 to 3% in radiation is expected.  The relative humidity 

is expected to decrease by about 2 to 3% and greater than 4% in the north and south, 

respectively. 

 

The predicted change in summer (November to April) climate in Australia by 2050 shows a 

similar warming and drying across country (Figure 7) compared to the winter predictions.  

The warming is less in the tropics (1 to 2oC) compared to the temperate south (2 to 3oC).  
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Parts of Australia are predicted to have significant increases in summer rainfall (mid-

Queensland coast and North-western New South Wales) but near our tropical experimental 

site the rainfall is expected to decrease by a smaller amount (5-10%) compared to the winter 

rainfall (40%).  Solar radiation is expected to increase over much of Australia, including the 

Atherton tablelands areas, over summer between 2 and 3%.  Relative humidity is expected to 

decrease over summer from 4 to 8 % as both locations. 

 

Downscaling from global to Thorpdale, Victoria and Kairi, Queensland Australia 

 

Global and regional climatic effects need to be applied at the local scale to be of practical use.  

Whilst dynamic downscaling methods are the most desirable, the more common statistical 

methods are readily available.  We have found a useful downscaling method involving scaling 

historic daily climate sequences by a derived mean-monthly spatial pattern of climate change 

per degree of global warming (Suppiah et al. 2001, Anwar et al. 2007, Weeks et al. 2010).  The 

historical sequence weather data can provide a useful base line for current, non-climate 

changed environment comparisons to some future environment. 

 

We used patterns of climate change per degree of global warming on a monthly basis for four 

climate variables (rainfall, maximum and minimum temperature, and solar radiation) at 

Thorpdale and Kairi (Hennessy et al., 2006).  The pattern was applied to 68 years of historical 

data from these sites (1935-2004) (obtained from SILO patch-point, 

http://www.longpaddock.qld.gov.au/silo/), which was then used to create a 68-year future 

scenario for 2050 (Method B, Weeks et al. 2010). This implies that for each future year we 

have a sequence of weather data with the same number of years as the historical data.  This 

method allows the climate change effect to be analysed without confounding from atypical 

individual years.  This statistical method assumes that the autocorrelation that exists 

between years in the historical data is applied to all sequences applied to any future years.  

However, this method does not address extreme events that are believed to increase in 

intensity and frequency due to progressive climate change. 

 

Overall, the effects of climate change are subtly different between our example locations.  To 

compare the agronomic response between the sites, the changes in the summer climate at 

Kairi need to be compared to the changes in the spring-summer climate at Thorpdale (Tables 

2 and 3).  In the downscaled weather data we see large differences in temperature, rainfall 

and radiation that are expected to have important implications for potato production and its 

associated likelihood for Potato Late Blight infection and its management.  

 

Historical climatic differences between Kairi and Thorpdale, Australia 

http://www.longpaddock.qld.gov.au/silo/
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Both the minimum and maximum temperatures during the growing season (Mar to Oct) are 

much warmer at Kairi (Min 11 to 19oC, max 21 to 27oC) than Thorpdale (Oct-May) (min 7 to 

12 oC, max 16 to 24 oC), respectively (Tables 2 and 3).  The length of the growing season is 

therefore expected to be significantly shorter at Kairi than Thorpdale with the same cultivar.  

Large differences in rainfall patterns exist between the sites with Kairi having the largest 

range and highest monthly totals (20 to 263 mm) compared to Thorpdale with a monthly 

range from 56 to 98 mm (Tables 2 and 3).  The daily solar radiation at Kairi is similar (15 to 24 

MJ/m2/d) to Thorpdale (17 to 22 MJ/m2/d) but differences reflect cloudiness and latitude. 
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Figure 6.  Predicted Australian winter seasonal change (May to October for 2050) in (a) minimum 

surface temperature (oC), (b) maximum surface temperature (oC), (c) rainfall (%), (d) solar radiation (%), 

(e) relative humidity (%) at 0900 h and (f) relative humidity (%) at 1500 h.  Model: CSIRO-Mk3.5. 

Emission Scenario: SRES marker scenario A1Fi, Global Warming Rate: high. Source: 

http://www.csiro.au/ozclim/. 
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Figure 7  Predicted Australian summer seasonal change (November to April for 2050) in (a) minimum 

surface temperature (°C), (b) maximum surface temperature (°C), (c) rainfall (%), (d) solar radiation (%), 

(e) relative humidity (%) at 0900 h and (f) relative humidity (%) at 1500 h.  Model: CSIRO-Mk3.5. 

Emission Scenario: SRES marker scenario A1Fi, Global Warming Rate: high. Source: 

http://www.csiro.au/ozclim/. 
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Table 2.  Summary of mean historical (1935-2002) meteorological observations and future expectations for the 

year 2050 (CSIRO CCAM A1Fi High rate of warming) at Kairi, Queensland Australia.  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Daily minimum temperature (oC) 

Historical 19.1 19.4 18.5 16.7 14.6 12.1 11.2 11.5 12.9 15.0 17.1 18.4 

2050 mk3 21.0 21.1 20.0 18.2 16.2 13.3 12.4 12.8 14.1 16.1 18.4 19.9 

2050 mk3.5 21.1 21.7 20.4 18.6 16.4 14.1 13.0 13.2 14.5 16.8 18.9 20.3 

Daily maximum temperature (oC) 

Historical 28.3 27.7 26.5 24.8 23.1 21.5 21.3 22.6 24.8 27.1 28.5 28.9 

2050 mk3 30.6 29.8 28.5 27.2 25.5 23.2 22.8 24.2 26.5 28.8 30.7 31.7 

2050 mk3.5 30.5 30.2 28.8 26.9 25.5 23.7 23.3 24.6 26.6 29.1 30.7 31.2 

Monthly rainfall (mm) 

Historical 223 305 263 95 54 40 25 23 20 28 72 126 

2050 mk3 229 286 198 25 39 25 20 17 15 3 37 2 

2050 mk3.5 217 374 213 68 35 30 15 12 19 10 47 93 

Daily solar radiation (MJ/m2) 

Historical 20.5 18.5 18.0 17.0 15.5 14.9 15.9 18.4 21.3 23.6 23.6 22.4 

2050 mk3 22.7 19.8 19.9 18.7 16.1 14.8 16.2 18.4 21.9 25.1 26.1 24.1 

2050 mk3.5 21.1 19.2 18.6 17.5 16.1 15.1 16.1 18.6 21.6 24.0 24.0 23.1 
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Table 3.  Summary of mean historical (1935-2002) meteorological observations and future expectations for the 

year 2050 (CSIRO CCAM A1Fi High rate of warming) at Thorpdale, Victoria Australia. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Daily minimum temperature (oC) 

Historical 11.5 11.9 10.8 8.5 6.7 5.0 4.0 4.5 5.6 7.1 8.5 10.0 

2050 mk3 13.0 13.7 12.9 9.9 8.2 6.7 5.7 6.0 6.7 8.5 10.1 12.1 

2050 mk3.5 13.9 14.4 13.4 10.9 8.6 6.8 6.3 6.5 7.4 9.6 11.0 12.6 

Daily maximum temperature (oC) 

Historical 23.1 23.5 21.0 17.3 13.9 11.4 10.8 12.0 14.1 16.4 18.4 20.9 

2050 mk3 25.6 26.0 23.7 19.5 15.6 13.1 12.6 13.9 16.6 19.6 21.9 24.1 

2050 mk3.5 25.8 26.4 23.9 20.4 16.9 13.8 13.3 14.8 17.3 19.9 21.6 24.1 

Monthly rainfall (mm) 

Historical 56 60 69 82 93 104 94 109 109 98 92 76 

2050 mk3 39 63 54 62 92 106 90 103 63 50 56 42 

2050 mk3.5 55 49 59 72 79 86 69 63 62 67 58 56 

Daily solar radiation (MJ/m2) 

Historical 22.1 19.8 15.5 11.5 8.0 6.7 7.3 9.9 13.5 17.1 19.9 21.7 

2050 mk3 23.6 20.4 15.9 11.6 7.9 6.7 7.2 10.1 13.6 17.6 20.6 23.3 

2050 mk3.5 22.6 20.1 16.1 12.2 8.4 7.0 7.7 10.4 14.1 17.8 20.5 22.4 

 

 

 




