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ABSTRACT 
 

Exploring the Relationship between Wine Grape Quality and the 

Microclimate in Madeira, Portugal 

 
 

Justin J. D. Correia 

University of Guelph, 2012 

Co-Advisors: 

Dr. Robert D. Brown and 

Dr. Karen Landman 

 

 

Landscape characteristics affect vineyard microclimates and influence the quality 

of grapes produced.  There is currently a lack of research examining the 

microclimatological conditions of vineyards and how they affect grape quality.  This 

study utilizes qualitative methods to explore the relationship between vineyard 

microclimates and grape quality in Madeira, Portugal.  Semi-structured interviews have 

been conducted with local participants involved in the production of wine grapes and are 

used to reveal the factors affecting grape quality. Interviews accompany a physical 

inventory of landscape characteristics in the vineyards, and are guided by where 

interviewees observe changes in grape quality.  The findings suggest there is a strong 

relationship between microclimates and grape quality.  These results are utilized to make 

recommendations for methods of site selection and the microclimatic design of vineyards.   

 

 

 

Keywords: Grape quality, Vineyard design, Vineyard siting, Landscape characteristics, 

and Environmental conditions 
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1.0 Introduction 

“Quality in wine is an artistic goal in its own right.  Like 

other artistic goals to which humans aspire, it is a civilizing 

one.  The world needs such influences” Gladstones 

 

 

Wine grape quality tends to vary within and between vineyards.  Inconsistency in 

grape quality is due primarily to varying environmental conditions.   Human factors are 

important determinants of grape quality too, but can be held constant by vignerons 

working hard to ensure the best performance of all their vines.  Vignerons are responsible 

for vineyard design, development, and management decisions, but they cannot readily 

control the environment.  In Viticulture and Environment, Gladstones (1992) explains 

that studies of environmental conditions are the new frontier in viticultural research.  

Furthering our understanding of how natural factors affect grape quality can be used to 

inform vineyard design, siting, planning and management strategies. 

Viticultural suitability maps can be used to identify where the best areas are to 

grow wine grape vines.  These maps have been produced for most viticultural regions and 

are usually based on macro-scale environmental data, like regional climate.  Macro-scale 

indicators are used to draw generalized boundaries around areas where grape quality 

changes.  Although, these course-scale maps are useful in designating the general 

potential of viticultural areas, they do not reveal the fine-scale landscape characteristics 

that have a substantial impact on wine grape quality.  If microclimatological data is added 

to these maps, they will be better able to predict the suitability of areas for viticulture.   

Variation in grape quality is something many vignerons understand, but there is 

currently a lack of research explaining why these changes occur.  Vignerons witness 

differences in grape quality in their vineyards year after year, and they can describe 
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exactly where these changes take place.  Current viticultural suitability maps do not 

reveal the small scale changes in environmental conditions that lead grape quality 

variation.  When all the factors affecting grape quality become known, suitability can be 

predicted and identified to more accurately represent the potential of lands for planting 

specific grape vines for particular wine styles.   

A set of maps produced by Wolf and Boyer (2009) of Virginia Tech describe the 

information they included in the delineation of land for vineyard suitability.  The maps 

they produced are only intended to indicate, generally, which areas of regions and 

districts that may have higher or lower potential for commercial grape production (Wolf 

and Boyer, 2009).  These maps are based on themes of elevation, land use, slope, and 

aspect.  Each of these themes are combined into a single, graphic representation that is 

scored for overall suitability (Wolf and Boyer, 2009).  These maps offer a general outline 

of where wine grape production is possible, but the data they use does not consider many 

other environmental factors that can have a substantial impact on grape quality.  A more 

accurate and precise representation of vineyard suitability will require the use of finer-

scaled climate data that is based on local landscape characteristics.   

 

Research Problem  

 There is a lack of research examining the relationship between the microclimate 

and grape quality.  There is no set of guidelines currently available that can be used to 

incorporate microclimatological data into vineyard suitability maps.   
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Research Goal  

This study aims to gain a better understanding of the factors that contribute to 

grape quality variation, and to develop recommendations for the incorporation of 

microclimatological conditions into viticultural suitability maps.  These 

recommendations can be used to improve existing grape production and also identify 

other potentially valuable grape-growing areas.  Taking the microclimate into 

consideration is important for vignerons, because only a few degrees can have a 

substantial impact on grape quality and the style of wine being produced.  Landscape 

characteristics alter the general weather patterns by creating unique microclimates.  This 

study aims to uncover the relationship between grape quality and the microclimate and to 

suggest the incorporation of microclimate data into viticultural suitability maps.    

 

Research Objectives  

• Increase knowledge of the influence that both viticultural practices and 

environmental factors have on grape quality. 

 • Arrange interviews and site visits to vineyards in different locations 

around the island of Madeira.  

 • Explore themes and patterns that emerge from interviews with vignerons.  

 • Analyze vineyard site conditions.  

 • Use scientific theory and the practical knowledge obtained from local 

vignerons to discuss how landscape characteristics affect grape quality. 

 • Determine how to take advantage of microclimate in vineyard siting and 

design for improved grape quality.  
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2.0 Literature Review 

 “The peoples of the Mediterranean began to emerge from 

barbarism when they learnt to cultivate the olive and the 

vine.” Thucydides, Greek Historian, 5th century BCE.  

 

2.1 Overview 

 

Scientific literature related to the microclimates of vineyards needs to be 

consolidated into a simplified form. A clear understanding of the how the microclimate 

effects vineyards can help to explain grape quality variation.  In Viticulture and 

Environment, Gladstones (1992, 2) tells us that “the geography and topography, and often 

the soils, of the world’s famous vineyards are generally well documented” but there has 

been little published on the climates of their vineyards.  This review will make use of the 

scientific literature to understand how vineyard conditions and landscape characteristics 

affect grape quality.  First, a background is provided on the environmental conditions of 

vineyards.  Climate characteristics will then be discussed, followed, by a discussion of 

landscape characteristics, soil characteristics, grape variety suitability, and a general 

background related to viticulture in Madeira, Portugal, where this study takes place.    

A better understanding of how the microclimate affects vineyards can be used to 

reduce vineyard variability and improve grape quality.  It is impossible to consider the 

effects of the microclimate on grape quality without an understanding of all the 

environmental factors that influence grape quality.   Any study related to environmental 

phenomena is complex, as it involves the interaction of many uncontrollable factors at the 

same time.  It is impossible to hold the natural environment constant, so all of the natural 
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factors that affect grape quality need to be considered together to make an accurate 

prediction about the effects of the microclimate on grape quality. 

 

Environmental Factors 

Although, management practices are important factors in determining grape 

quality when they are held constant, nature, or the environment, is the overriding factor.  

The environmental characteristics of a vineyard cannot readily be changed by 

management techniques, so choosing a favorable site is the most important decision to be 

made in any commercial winemaking venture (Gladstones, 1992).  Methods of vineyard 

site selection currently rely heavily on physical site assessments.  Assessing the specific 

environmental conditions of potential vineyards is difficult when using only macro-scale 

suitability data.  Site selection can be improved when the beneficial and detrimental 

aspects of the microclimate are considered in site selection criteria (Jackson, 2008).   

The environmental conditions of vineyards can not be changed or controlled.  It is 

important to understand how all environmental conditions affect grape quality to better 

predict the potential sites for viticultural development.  A better understanding of the 

environmental factors affecting grape quality can reduce the risk and uncertainty in 

vineyard development, without utilizing costly, trial-and-error planting experiments.  The 

development of microclimatological viticulture suitability maps that include the potential 

for high quality production for specific grape varieties and wine styles will be a valuable 

resource for viticultural development.   
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2.2 Climate Characteristics 

 

Continentality and Maritime Climates  

Continental climates have been said to produce higher quality grapes and wines, 

but contemporary research has found little evidence for this generalization (Gladstones, 

1992).  There are advantages in viticulture brought about by a continental climate.    In 

maritime climates, there is a much smaller average mean temperature range between the 

hottest and coldest months, which can lead to a number of problems in vineyards.  

Continental climates can potentially produce superior grape quality but 

continental vintages are also notoriously variable.  On the other hand, vineyards located 

in warm maritime climates can suffer viticultural problems from a lack of high summer 

temperatures and low winter temperatures (Gladstones, 1992).  One advantage that 

vineyards in continental climates have is relatively high summer temperatures to reduce 

berry size and concentrate sugar and flavor. On the other hand, maritime climates have 

summers that are hot and sunny enough to reach this and, through controlling the water 

supply, the same results can be achieved (Gladstones, 1992).   

Other problems associated with insufficient continentality occur when warm 

winters, prolonged cool, wet, and windy spring weather, and a lack of high summer 

temperatures interfere with vine and berry development.  Warm winters are a problem 

when temperatures do not drop low enough to ensure enough winter dormancy, leading to 

early and erratic budburst and the failure of budburst lower on the canes (Gladstones, 

1992).  Maritime springs can be wet and windy with prolonged cool temperatures late 

into spring.  This will often result in lanky young growth that is vulnerable to storm 
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damage.  This typical spring maritime weather at flowering can also cause poor berry set.  

A lack of high temperatures in late spring/early summer can reduce the differentiation of 

fruitful buds for the following season.  Finally, summer temperatures may not start to fall 

early enough, which encourages the prolonged continuation of active, stemmy growth 

into fruiting and ripening periods (Gladstones, 1992).   

The microclimate of vineyards is increasingly important in maritime climates 

because there is a need for vines to be planted where specific conditions exist in order to 

produce high quality grapes for particular wine styles.   

 

Climate and Grape Quality 

Climates are based on long-term averages of the day-to-day variations that make 

up the weather.  Wine grape vines can grow in a wide range of climates but, depending 

on the grape variety and desired wine style, particular environments will have higher 

quality productions.  The climate will determine the potential for high quality production, 

but the weather explains the particular characteristics of a given wine (Halliday and 

Johnson, 2007).   

The climate is a broad classification of temperature and moisture data drawn from 

a number of weather stations that permits a wide range of local variability (Sommers, 

2008).  This variability can be explained as the mesoclimate of districts and 

microclimates found within those districts.  The climate is a critical factor in wine 

production, so much that two general bands have been identified around the earth 

indicating where wine producing vines will grow.  One band is located north and the 

other is south of the equator; between them is too hot, and beyond them is too cold.  
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 The climate can be separated into distinct classes.  For the purposes of this study, 

the macroclimate refers to the climate of a region, mesoclimate will be used to refer to 

the climate of districts, and microclimate will describe distinct climate areas within a 

district that vary from the mesoclimate.  This study focuses on the microclimate and local 

variations in mesoclimates that result from an interaction with landscape characteristics, 

and how the microclimate relates to grape quality. 

 

Microclimate and Grape Quality  

In viticultural literature, vineyard microclimates are usually discussed in relation 

to individual vines and are generally based on the effects of different trellising and 

pruning techniques on vine canopy and bunch microclimates.  This study is concerned 

with identifying the landscape characteristics responsible for the individual microclimates 

of vineyards.  A better understanding of the microclimate can help in predicting the 

suitability of vineyard sites, especially in marginal climates where a few degrees can be 

the difference between a good crop and a bad one (Sommers, 2008). For example, 

vineyards on the cold margin of viticulture need to be kept out of areas prone to frost and 

where it is too hot; bodies of water can help regulate temperatures.  The microclimate 

becomes increasingly important to vineyards in marginal climates.   

Many factors contribute to microclimatological conditions of vineyards, which 

makes discussing the relationship between wine and the climate very complex.  It is very 

difficult to find any two places with exactly the same climatic conditions, so it is difficult 

to speak in generalities about vineyard microclimates (Sommers, 2008).  As a result of 

the range of unique microclimates, every wine could, and should, be a little different 
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(Sommers, 2008).  Understanding microclimates the complex relationship between 

landscape characteristics and grape quality can lead to the development of generalities 

related to vineyard microclimates.     

 

Temperature 

How does the temperature affect grape quality?  The relationship between 

temperature and grape quality is of primary importance in viticulture.  Temperatures 

relate to grape quality in a number of ways.  Specific temperatures are required at 

particular times through the year, as we have seen in the review of continentality and 

maritime climates.   

First, the optimal temperatures for vine growth and photosynthesis are between 

23°C and 25°C, but these are not necessarily the perfect conditions for ripening grapes 

(Halliday and Johnson, 2007).  At higher temperatures, the vine begins to use sugar for 

increased respiration, leaving progressively less for the grapes and resulting in 

undesirable wine characteristics (Halliday and Johnson, 2007).  Red grapes and green 

grapes require different temperatures during the ripening stage of berry development.  

The mean average temperature ideal for ripening of red grapes is around 21°C, and the 

ripening of green grapes is around 19°C (Halliday and Johnson, 2007).   

Ideal temperatures are required for grape vines to be able to create the maximum 

sugar surplus for berry development.  The surplus sugar is accumulated and used for 

ripening to produce flavouring and colouring substances (Halliday and Johnson, 2007).  It 

is important for wine grape vines to experience these ideal temperatures because the 
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faster the rate of ripening between véraison (the moment they turn colour) and harvest, 

the better the flavor, colour, sugar, and acidity will be (Halliday and Johnson, 2007).   

Growing grapes in warm climates can lead to the production of wines with too 

low of an acid level.  In this case, cold nighttime temperatures can help to keep acid 

levels in the grapes desirably high, as lower temperatures will gradually slow metabolic 

changes and the conversion of acids to sugar.  On the other hand, at warmer temperatures 

between 15°C and 20°C photosynthetic ripening will continue along with the 

development of colouring and flavoring substances (Halliday and Johnson, 2007).  

Landscape characteristics that locally raise night-time temperatures are regularly 

associated with top vineyards and wine quality.  Cold nights can retard quality 

development and physiological ripening and promote the accumulation of unchanged 

sugar in the berries.  Even in hot climates, top vineyards and wine quality typically have 

sunny aspects that are relatively warm (Gladstones, 1992).   

 

Temperature Variability 

Less temperature variability during the growing-season, and the lower the daily 

temperature range, the more predictable grape quality will be.  How high this quality will 

be ultimately depends on the average temperatures, the grape variety, and wine style 

being produced.  The more even growing and ripening temperatures are, the more 

progressive flavor, color, and aroma accumulation will be at any given sugar level  

(Halliday and Johnson, 2007).  Low temperature variability during ripening, especially, 

favors the biochemical processes of colour, flavor, and aroma in berry development 

(Gladstones, 1992).   
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Excessive temperatures during the day can inhibit berry enzyme systems without 

any visible injuries, and speed the loss of volatile aroma compounds from the berries.  

When temperature ranges exceed 10°C, colouring can be greatly inhibited and the best 

colouring is observed when the day and night temperatures are the same (Gladstones, 

1992).  The narrower the temperature range around a given mean or average ripening 

temperature, the greater aroma, flavor, and colouring will be at the time of ripening.  

Furthermore, low temperature variability during ripening should increase the more 

unstable and volatile grape compounds, and add to the life, complexity, fullness of wine 

aroma and flavor (Gladstones, 1992). As long as temperatures are equable, very good 

grape quality is fully compatible with the warm and even hot ripening conditions that are 

associated with maritime regions (Gladstones, 1992).   

 

Ripening Period Mean Temperature 

 The ripening-month average mean temperatures will have a bearing on the wine 

styles that can be produced.  Ripening period mean temperatures between about 15 and 

21°C can produce well balanced musts for dry table wines.  Between 20-22°C appears 

likely to be the optimal ripening average mean temperature for intensity of pigment, 

flavor, and at least some aromas (Gladstones, 1992).  When mean temperatures during 

the ripening month are above about 21°C to 24°C, the grapes will tend to reach too low 

an acid level when they are fully ripe to make naturally balanced table wines.  If the 

sunshine hours are also high enough, grapes produced in higher temperatures will usually 

make good fortified wines (Gladstones, 1992).   
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Sunshine hours 

The amount of sunshine that vineyards receive is referred to as sunshine hours.  

Sunshine hours affect vineyards directly through its interaction temperature (Gladstones, 

1992).  Sunshine hours are generally positively related to both vine yield and grape 

quality when temperature variability and relative humidity remain favorable.  It appears 

that sunshine hours are most influential during the spring, and just before vérasion in 

early August.  In warm climates, vines need more sunshine hours to have a given fullness 

of wine body and style than in cool climates (Gladstones, 1992). The amount of sunshine 

that reaches the lower canopy and bunches is important.  Well exposed bunches 

(provided they are not heat damaged) are well known, from practical experience, to 

generally have the best colouring and flavor (Gladstones, 1992).   

Ample sunshine through the various stages of vine growth and berry development 

is important.  Sunshine at flowering, with high enough temperatures, promotes fruit set.  

Later in the spring and early summer, enough sunshine will favor the fruitfulness of the 

new buds being formed.  Fruit-bearing canes will benefit from plentiful sunshine during 

ripening by leading to the full and rapid accumulation in the grapes. Soon after vérasion, 

it is especially significant for quality development in wine grapes that they experience a 

rapid flux of sugar into the berries.  Sunshine during ripening can also benefit grape 

quality by increasing sugar or starch reserves being built up within the vine (Gladstones, 

1992).  
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Humidity  

Humidity is an important climate factor affecting grape quality.  The world’s best 

table wines are produced in areas that have fairly high daytime relative humidities 

(Gladstones, 1992).  Typically, humidity is expressed as relative humidity (RH). RH is a 

measurement of water vapor in the air as a percentage of what it would hold fully 

saturated at the same temperature.  The absolute water content of air may not change, but 

RH will rise and fall with air temperature.  The dew point occurs when RH reaches 100% 

in a cooling air body (Dry and Coombe, 2005).  This is the point at which dew will form 

on plants and appear in the morning after a cool night. 

High humidity, fog and water condensation pose a threat to vineyards and grape 

quality because they are conducive to fungal diseases.  Fungal spores require leaf 

dampness to germinate, so when RH reaches the dew point at night and condensation 

forms on plants, this can be a detriment to both vine heath and grape quality.  Dew and 

high RH in the vineyard can become increasingly dangerous as temperatures rise, 

depending on the fungal species (Gladstones, 1992).  Areas that warm rapidly after cold 

nights provide the ideal conditions for fungal disease to cause problems in vineyards.  

Humidity levels vary from the general climate data of a region because local 

topography will have a strong influence on where foggy air will settle.  High humidity 

during the night and morning are the most dangerous to vine and grape health.  During 

the afternoon, when the vine leaves’ stomata are open, a high RH will allow the most 

economic use of water by the plant (Dry and Coombe, 2005).  Gladstones (1992) 

recommends near-coastal vineyards that give vines potentially the best humidity 

conditions: dry air from inland during the night and morning reducing the risk f fungal 
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disease; and moderately humid wind from the sea during the afternoon when it can do the 

most good (Gladstones, 1992).  Sunward facing vineyards will be less susceptible to 

humidity problems because the enhanced solar radiation will accelerate the drying action 

of the wind (Jackson, 2008) 

High RH in vineyards cannot readily be controlled.  Vineyards that experience 

detrimentally-high humidity levels will likely have higher incidences of disease, which 

can only to be controlled with the use of fungicides.  Planting new wine grape varieties in 

Europe is difficult because of Appellation control restrictions and/or marketing concerns.  

Generally, areas of high humidity need to be avoided because of the severity of disease 

losses (Jackson, 2008).  Management practices can help to reduce humidity where it is 

feasible.  Vine rows can be positioned at 90° to the prevailing winds to increase the 

drying of plant surfaces by enhancing wind turbulence.  Removing the vines basal leaves 

will also promote air circulation and reduce the incidences of disease (Jackson, 2008).   

 

Windiness 

Windiness has both positive and negative effects in vineyards.  The positive 

effects occur when winds are mild, and not physically damaging to the vines.  Positive 

effects of wind include the maintenance of air circulation within the vine canopy, 

maintaining equitable temperatures in and around the vine, allowing sunshine to 

illuminate internal leaves, and berry bunches.  On the other hand, strong winds will have 

negative effects on grape vines and berry quality.    

Beneficial winds help to raise grape quality by allowing more sunlight into the 

interior of the vine canopy.  When the wind blows, leaves will sway back and forth, 
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allowing sunlight to penetrate below the canopy.  Leaves that are normally shaded will 

photosynthesize sunlight more efficiently than leaves that are continually illuminated.  

Minor amounts of sunlight penetrating the vine canopy because of amount of wind will 

actually have a substantial impact on grape quality via heightened sugar production 

capacity (Dry and Coombe, 2005).  Sunlight penetrating the vine canopy will also reach 

the berries more readily when favorable winds circulate air through the vineyard.  Grape 

bunches that have more exposure to the sun, without over-heating, will generally have the 

best colour and flavor (Gladstones, 1992).  The small amount of light reaching grape 

bunches when the leaves are moved by the wind create ideal conditions for the grape 

bunches to receive the sunlight they need without overheating.   

Strong winds are nearly always a problem in vineyards.  In spring and early 

summer, strong winds can injure he tender new growth and bunches.  New growth is 

susceptible to wind damage and even moderate spring winds can reduce vine vigor and 

yield (Dry and Coombe, 2005).  Protection from strong winds is important in all 

vineyards everywhere (Gladstones, 1992).   

Air circulation is important for high grape quality, especially in regions where 

humidity levels are normally high.  Ventilation of the vine canopies by mild winds will 

help to minimize disease by reducing humidity levels through its drying effect on plants 

and soils.  

 

 

 

 



16 

 

Rain 

The amount of rain in a vineyard cannot be controlled, and vignerons are at the 

mercy of the weather.  Initially choosing a vineyard where the climate has favorable rain 

patterns is all a vigneron can do to control how much rain falls in the vineyard.  Rain at 

the wrong times or not at all can severely reduce both vine yield and grape quality.  

Irrigation systems can be used to mitigate a lack of rain and control soil moisture levels.  

It is important for water stress to be avoided before véraison and in times of drought.   

It is important that vines do not experience moisture stress in the spring, up until 

the time of véraison.  Grape vines require adequate soil moisture in the spring for good 

flowering and berry setting, a lack of rain in the spring can have marked effects on 

potential yield (Gladstones, 1992).  In late spring and early summer, moisture stress in 

the spring needs to be avoided to ensure the differentiation of fruitful buds occur on new 

shoots (Gladstones, 1992).  After bud differentiation occurs, to the time of véraison, vines 

tend to tolerate moisture stress well.  When the grapes reach about 4mm diameter, they 

gain a resistance to water stress and actually benefit from some stress to encourage a 

natural cessation of vegetative growth and ensure existing vegetative growth becomes 

hardened.  (Gladstones, 1992).  During berry ripening, a sudden increase in soil moisture 

level can result in berry splitting and bunch rot (Gladstones, 1992).  A ripening period 

that is largely rain-free (but not stressful), together with the use of a supplementary 

watering system when needed, seems like the best combination to ensure that desired soil 

moisture levels are maintained (Gladstones, 1992).   

Heavy rains can be a problem, especially in the spring.  Both bud setting and 

differentiation will be negatively affected by heavy rains.  Heavy rains can directly 
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interfere with pollination and indirectly through a lack of sunshine and photosynthesis 

(Gladstones, 1992).  Heavy rains in the late winter and early spring can also lead to 

problems with waterlogging, which can be very injurious when this condition persists 

until the resumption of active root growth and budburst (Gladstones, 1992).  Too much 

soil moisture in the spring can cause vigorous vegetative growth, lowering grape quality 

and possibly yield.  The problems associated with heavy rainfall can be diminished by 

good soil porosity and well-draining soil (Jackson, 2008).  

The perfect rainfall regime cannot be expected to regularly be provided by any 

one environment (Gladstones, 1992).  When irrigation is feasible, its use can greatly help 

prevent damage caused by naturally occurring water shortages (Jackson, 2008).  

Management can also help reduce the problems associated with excess water in the 

vineyard by utilizing methods that will dry the vineyard faster.   

 

2.3 Landscape Characteristics  

 

Elevation 

Temperatures decrease as elevation increases farther above sea level.  In fact, the 

environmental lapse rate (the rate of that change) in temperature is 0.5°C to 1.0°C per 

100m in elevation (Jackson. 2008).  Elevation will affect grape maturation and length of 

the growing season (Jackson. 2008), through its relationship with temperatures.  

Temperatures at different elevations will vary and influence the flavor characteristics of 

wine.  The wine style and grape variety need to correspond with the different temperature 

conditions at the elevation they are planted for grape quality to be high.   
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Slope and Solar Orientation  

 Vineyard orientation is of primary importance to grape quality.  There will be 

temperature variations from one side of a hill to another, and at different positions on 

those slopes.    High slopes can become increasingly difficult to work but the quality 

benefits can be sufficient to outweigh the difficulties of performing vineyard activities 

(Jackson, 2008).   

The primary advantage created by a favorable slope orientation and inclination is 

the improved solar exposure and heating.  Slope reduces the angle of incidence at which 

solar radiation impacts vineyards (Jackson, 2008).  According to Jackson, slopes at 50° 

are optimal, but too difficult to work.  The upper limit for manual vineyard work is 30° 

slope and the level of solar exposure is only slightly less than at 50° (Jackson, 2008).  

Increased solar radiation absorbed by the vines in photosynthesis increases surplus sugar 

production for the grapes.  In maritime regions, locating vineyards on slopes can be a 

means of increasing temperatures and reducing the problems often associated with a lack 

of continentality.   

In warmer climates, retaining acidity levels and grape flavor can be achieved on 

vineyards with diminishing sun exposure and cooler microclimates.  Correspondingly, 

east-facing slopes may be preferable.  An eastern aspect exposes vines to the cooler 

morning sun and provides increasing shading from the hot afternoon sun (Jackson, 2008).  

Grape varieties and wine styles that favor less sunshine hours and temperature means are 

suited to these areas.   
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Slope and Air Movement 

The influence of slopes on microclimates goes beyond issues of heating and 

sunshine.  A relationship exists between slopes and air movement that can have 

substantial impacts on grape quality.  Locations at the top, middle and bottom of the same 

hill may have the same amounts of sunshine, but they will experience differences in 

temperature and moisture because of effects of cold-air drainage and cold wind exposure.  

Vines that grow at the bottom of a hill may not grow at the top or, if they do, the quality 

and possibly the style of the wine can be quite different.  A slope can evenly receive the 

same amount of heating from the sun, but it may not be uniformly useful for producing 

wines (Jackson, 2008). 

 During the day, hot air near the surface of the earth rises.  At night, this process 

reverses as the atmosphere begins to cool.  As the air cools it becomes denser and tends 

to sink and drain into valleys and low-lying areas (Jackson, 2008).  Cold air drainage 

affects grape quality because areas that are exposed to it will be colder at night and heat 

up slower during the day than the surrounding landscape.  Temperature variability is also 

higher in cold air drainage areas, which has a negative effect on grape quality.   

 The top of a hill is the part most exposed to the wind.  Winds will be stronger at 

the top of a hill than near the bottom and the chilling effect of the wind will reduce 

vineyard temperatures.   More wind can also speed evaporation rates, and this can be a 

problem, especially in the spring when vines require adequate soil moisture to ensure 

high grape quality and quantity. 
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Slope and Water Bodies 

 Sunward-facing slopes gain extra radiation from reflected water and soil surfaces 

(albedo).  The steeper a slope is the greater the potential for the interception of reflected 

solar radiation.  At low sun altitudes, the level of reflected radiation is high.  At high sun 

altitudes, the albedo is greatly reduced.   At high solar elevations, the albedo off water is 

low (2-3% for a smooth surface and 7-8% for a rough surface).  However, at low sun 

elevations (<10°), reflected solar radiation can reach more than 50% of that received on a 

slope (Jackson, 2008).  Most of the heating radiation is absorbed by the water instead of 

being reflected.  The reflection of solar radiation then does not augment heating, but 

some heating can still result indirectly through the absorption of the additional visible 

radiation received (Jackson, 2008).   

In the spring and fall, light reflected off water bodies is especially significant 

(Jackson, 2008).   Greater levels of solar exposure can reduce the problems associated 

with maritime climates by advancing early initiation of growth in the spring and 

improving photosynthesis and fruit ripening in the fall.   

 

Water Bodies 

 Maritime climates are moderated by water temperatures.  Water takes much 

longer to heat up during the summer than land does, and it takes much longer to cool 

down a night and in the winter than air.  Daily temperatures may fluctuate, but water 

temperatures may not change much at all.  Vineyards near bodies of water can benefit 

greatly, but are also at risk from moisture problems, strong winds and possibly salt spray.  

Gladstones (1992) writes that the heating and cooling of air over a body of water is not 
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that simple and when it comes to water bodies, microclimates, and wine production there 

is no general rule, each vineyard must be considered on a site-to-site basis.      

 

2.4 Soil Characteristics 

 

Soil  

 Soils affect vineyard microclimates, moisture levels and the mineral and nutrients 

that are available for uptake by the vines.  The chemical composition of soil can be 

altered by management practices.  Acidic soil can be made neutral, or alkaline, by the 

addition of lime.  Similarly, vignerons can add nitrogen, phosphorus, and potassium 

fertilizers to soils at the time of the year they are needed.  Compost and potash are two 

natural fertilizers that can also be used to improve soil composition.  Ideally, vineyard 

sites should be chosen according to soil compositions that require the addition of less 

chemical fertilizers.  Fertilizers should be used sparingly because of their potential to 

contaminate ground and surface waters, especially when used in excess.  A more detailed 

discussion on the intricacies of vineyard soil composition and vine requirements is 

outside the scope of this research.   

More relevant to this study is a discussion on soil structure and moisture levels.  

Soil moisture content directly affects the microclimate of grape vines and their roots.  

The greater the soil moisture content, the longer it will take for that soil to warm and 

provide heat to roots and the lower vine canopy.  It has also been put forth that a steady 

and moderate availability of moisture is essential to produce the highest quality grapes 

(Gladstones, 1992).  On the other hand, too much soil moisture can be a problem, 
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especially during particular times of the year.  For example, if soil moisture levels 

suddenly rise during ripening this can result in berry splitting and bunch rot (Gladstones, 

1992).  Soil structure and moisture levels are directly related.  The ideal soil structure will 

need to, in some way, support soil moisture level requirements first, and then the 

relationship with the microclimate can be explored.   

 Vineyard soils need to be well draining to avoid becoming over-saturated, which 

depends on the ability of the ground to shed and drain water.  When there is a limited 

potential rooting depth in shallow soil, moisture levels can readily alternate between 

waterlogging and drought, after only average fluctuations in rainfall (Gladstones, 1992).  

Shallow soils that have impenetrable subsoil create the worst conditions for vines.  Vines 

need deep soils or the ability to penetrate the subsoil in order for their roots to grow deep 

and dispersed.  When vine roots are able to grow deep and dispersed, they will have a 

buffer against fluctuations in moisture supply permitting access to a constant, steady 

supply of moisture without being in excess (Gladstones, 1992).  When soils are clayey, 

they can be good if they are well draining, because they will have a high water holding 

capacity to supply moisture during times of drought.  Sandy soils have a very limited 

water holding capacity, which needs to be offset by a greater rooting depth.  (Gladstones, 

1992).  Of course, irrigation systems will render the physical properties somewhat less 

important because the problem of too little water can be avoided.  The need for well-

draining soil is a need that remains absolute in all vineyards, because no other method 

can effectively reduce soil moisture levels (Gladstones, 1992). 
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Soil Temperature 

 Air and soil temperature in and around the vine canopy is influenced by the soil 

type in relation to soil water content, soil thermal conductivity and soil albedo (Reynolds, 

2010).  The amount of heat supplied to vines and their roots by the soil will impact grape 

quality through a number of mechanisms.  Higher soil temperatures promote prolonged 

root activity and the supply of plant growth substances to the grape bunches (Gladstones, 

1992).  The specific relationship between temperature and sunshine levels has been 

discussed in previous sections of this literature review. 

 Vineyards with soils that have a higher water holding capacity can experience 

cooler microclimates than with sandy soils.  Soils, like clay, tend to take longer to dry 

and hold more water.  Temperatures are greatly affected by soil moisture levels because 

moist soils will need at least twice as much heat to raise the temperature compared to its 

dry equivalent (Jackson, 2008).  In a maritime climate, where high temperatures are 

moderated, a few degrees difference that soil moisture levels have on the root zone and 

vine canopy can have a substantial impact on wine grape quality, and should be 

considered when choosing vineyard sites.   

Soil colour influences vine microclimates through temperature relations and the 

spectral composition of reflected radiation.  Soil albedo is based on the proportion of 

reflectivity and depends on colour and ground texture.  Light coloured soils have a higher 

albedo and reflect more sunlight than dark coloured soil (Reynolds, 2010).  On the other 

hand, light soils will also reflect heat and do not warm up as much, while dark soils retain 

and re-radiate heat for a long period of time (Reynolds, 2010).   
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A light to reddish-coloured soil surface may offer the ideal reflection and 

absorption properties.  This soil colour will increase the direct reflection of useful light 

wavelengths back into the vine canopy as opposed to re-radiating exclusively heat 

wavelengths as takes place from dark-coloured soils (Gladstones, 1992).  A light to 

reddish coloured soil that is rocky and heat absorbent, will have the best combination of 

directly reflecting helpful light wavelengths, while absorbing the greatest amount of the 

heat wavelengths and re-radiating this heat to the vines when air temperature cools and it 

is most useful to them (Gladstones, 1992). 

 There is a long-held belief that better quality wines come from dry soils that are 

stony, as opposed to soils that are fat, strong and clayey (Gladstones, 1992).  There seem 

to be many mechanisms at work for such a relationship to exist.  First, the low soil 

fertility of these types of soils can reduce vine vegetativeness and canopy light relations.  

Secondly, reduced temperature variability equally, or better, explains, the traditional 

value placed on these types of soil.   

Soil’s influence on night-time temperatures should be considered.  Less 

temperature variability and higher temperatures during the night both lead to higher grape 

quality.  For instance, when temperatures through much of the day are above optimum, 

night-time temperatures take on greater importance to ensure physiological ripening will 

continue into the night (Gladstones, 1992).   The effects of stony soils on the 

microclimate of vineyards during the day are more speculative than night-time effects 

(Gladstones, 1992).  Stony soils will absorb more heat during the day and transmit that 

heat to greater depths while the surface does not reach such high temperatures.  Less heat 

radiated to the vines and bunches during the day reduces the heat load on the vines and 
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bunches when they are most susceptible to it (Gladstones, 1992).  According to 

Gladstones (1992), in all likelihood the result of stony or rocky soil is a greater capacity 

for root growth and feeding in both the surface and deeper layers, that starts earlier in 

spring and continues with less interruption through the season.  Spring will also see 

earlier and more even budburst, more rapid early top growth, and greater fruitfulness.  

These are important characteristics to be promoted in vineyards, especially in a Maritime 

climate that can experience problems with a lack of continentality.  Later in the season, 

consequences should theoretically include greater plant growth substance supply during 

ripening, and most likely better vine balance (Gladstones, 1992).  Ripening can be 

improved by the direct microclimatic warming of the lower vine canopy and bunches, 

prolonged leaf retention and photosynthesis for the same reason (Gladstones, 1992).  

When we talk about rocky soils, do not simply think of them as rocks, but as a collection 

of heating elements (Reynolds, 2010). 

  

Grape Variety Suitability  

 Traditionally, the method of discovering which grape varieties will produce the 

highest quality wine grapes in a particular area is empirical testing.  Experimental 

plantings are the most reliable means of testing what varieties will grow successfully and 

are most suitable.  Contemporary improvements in measuring the physical parameters of 

a region have led to attempts at their classification relative to compatible grape varieties 

(Jackson, 2008).   

One such attempt is the degree-day formula that has been widely used in many 

countries.  The degree-day formula has not met with universal success because of the 
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impact of additional climatic factors.  Modifications to the degree-day formula have been 

investigated in an attempt to find a more generally applicable measure (Jackson, 2008).  

The degree-day formula requires the addition of more sensitive local climate conditions 

to better determine cultivar-site compatibility.   

In an attempt to utilize more sensitive climate data related to local conditions, 

some researchers have recommended the use of floristic maps (Jackson, 2008).  The 

sensitivity of native plants to local climate conditions can make them accurate indicators 

of the long-term macro- and microclimatic conditions of a site (Jackson, 2008).  

Indicators can offer clues to the appropriateness of a site, but the only precise measure of 

suitability is still planting (Jackson, 2008).  Discovering an accurate means of predicting 

suitability can help to reduce costly experimental planting or, at least, better indicate the 

potential of lands for viticulture.    

 

2.5 Madeira Island 

 

Site Context 

Madeira is an autonomous region of Portugal, situated in the Atlantic Ocean 560 

km off the coast of Morocco.  The total area of the island is 732 Km².  Most of the area of 

the island is to be found in slopes above 25%.  Urban and suburban areas take up the 

flatter areas, and are located near the coast where the climate is more favorable.  In the 

areas where slopes vary between 16 and 25%, agricultural practice is only possible with 

the construction of bench terraces, which are called “poios” on the island.  Poios are 

sustained by walls of basaltic stone (Instituto do Vinho, 2011).   
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The agricultural landscape is characterized by the mountain they are built on and, 

row after row, of stone terraces holding back the earth and produce.    

 

History 

 Madeira was discovered in the early 15th century by Portuguese explorers.  

Uninhabited at its discovery, the island was named Madeira, because it was covered 

entirely by forests; in Portuguese, madeira means wood.  The story goes that the original 

settlers set a fire to the island that burned for 7 years and cleared the land for agricultural 

crops.  Sugar cane was the original primary crop, but it soon changed to wine production.  

As Maritime travels expanded, Madeira became a regular stopover for ships sailing from 

Europe to the new world.  These ships would stop to refresh water supply.  Wine, too, 

rapidly became an important product to supply these ships, and Madeira developed as a 

major wine producer (Instituto do Vinho, 2011). 

Fortified wines are well suited to Madeira’s warm climate and only recently have 

table wines from the island become commercially available.  The accidental discovery of 

a unique fortified wine style, called Madeira Wine, has led to the international fame of 

wines from the island.  Madeira Wine became an important product with high value in 

the New World Colonies.  The unique fortification and aging process of the wine makes 

it resistant to spoilage.  Madeira Wine is practically indestructible, which is one of the 

reasons it became such a valuable commodity in the New World, because other wines 

could not last the long sea voyage from Europe (Instituto do Vinho, 2011). 
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Climate 

Madeira has a temperate climate with hot, humid summers and mild winters.  

Rainfall varies from 3000mm at high altitudes and only 500mm near sea level, with 75% 

of the rainfall falling mostly in autumn and winter and 20% during the spring.  More rain 

falls in the northern part of the island than the south.  Around the coast, the average mean 

temperature is 17.5°C.  Throughout the wine growing areas, there are many 

microclimates, due to variations in altitude, temperature, humidity and rainfall (Elliot, 

2010).  Madeira’s unique orographic character and tradition of viticulture makes it a 

perfect location to study the relationship between the microclimate and grape quality.   

 

Soils 

Madeiran soils are of volcanic origin, and are rich in organic matter and minerals 

like magnesium and iron.  Some of the soils are too fertile for wine grape production.  

The soils tend to be highly acidic because of their volcanic origins, which needs to be 

treated in the vineyards with lime to balance soil pH  (Elliot, 2010).  On steep hills and 

below cliffs there tends to be a tendency for soil to be rocky and have many rocks on the 

ground.  Warm daytime temperatures make stones expand and when they cool down and 

contract in the evening and night, they will fall from high positions and become part of 

the soil below.  With them, they bring plants and organic matter that becomes part of the 

soil.   
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2.6 The Growers 

 

Madeira has over 1600 growers, but most of them have another primary 

occupation.  Vineyards are in general much smaller than in other wine-producing regions, 

and on average, each grower owns only about 0.3 hectors of plantings (Elliot, 2011).  

Only one of the producers of Madeira Wine owns a vineyard, called Quinta Grande.  This 

is the largest vineyard in Madeira and is owned by Henriques & Justino’s Madeira Wine.  

Quinta Grande is 60% bigger than any other vineyard on the island at 10 hectares in size.  

Madeira Wine producers typically buy all their grapes from the growers around the 

island, and Quinta Grand will supply only a small part of the grapes this producer 

requires every year.  

 

Methods of Training 

 In Madeira, a unique trellising system for vines has been developed and utilized 

over the centuries.  The traditional method of training is in a pergola system, which is 

called a latada on the island.  In the latada system, vines grow horizontally along wires 

suspended on stakes, ideally at around two meters above the ground, for ease of working.  

In practice, some are lower and some are much higher.  They are advantages to using 

latadas in areas where there are high slopes and where soil conditions are variable.  

Latadas can be constructed over large stones and areas without adequate soil.  Vines can 

be planted in better ground and trained over areas with poor soil, raising the potential 

yield of the land substantially.  Unfortunately, quality and quantity do not go rise in the 

latada system.   



30 

 

Only in the second half of the 20th century was the espaldeira, or espalier method 

of training the vines, introduced to the island.  With the espalier method, vines are grown 

in rows across wires.  Espalier can only be done where the land is fairly flat.  When 

planting new vineyards or replanting them, espalier is currently the preferred training 

method for replanting and new vineyards, because it is easier to control the canopy 

growth and to carry out vineyard work.  However, difficulties of terrain still make it 

necessary to plant latadas in some areas (Elliot, 2010).  Working on vineyards can be 

quite hard and labour intensive because the steep slopes and the low canopy of the latadas 

(Elliot, 2010).  Everything on the vineyards must be done by hand because machinery 

cannot be adapted to the high slopes and terraces.   

 

2.7 The Grapes 

 

There are generally-accepted empirical data that indicate the minimum 

temperature and preferred climatic conditions for some wine grape cultivars, but similar 

data are not available for the majority of wine grape varieties (Jackson, 2008).  European 

grape varieties grow over a wide range of climates, “from continental extremes of 

Northern Canada, Russia, and China to the humid sub-tropical climates of Central 

America and northern South America” (Jackson, 1992, 251).  However, most individual 

grape varieties are much more limited to narrower range of latitudes and environmental 

extremes (Jackson, 2008). 

An understanding of how grape vines grow in the wild informs how they respond 

to cultivation, and how to achieve high grape quality in the vineyard.  A grape vine, is 
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first, a climber.  In its wild state, wine grape vines grow in a tightly tangled web with 

other plants and trees.  It competes with some plants, and is supported by others.  It is in 

constant competition for light, soil moisture and nutrients.  To reach the light, grape vines 

grew higher.  To survive on soils full of competing roots, it develops a degree of 

tolerance to drought.  Support of the vine came from the trees it climbed.  How grape 

vines have been able to adapt to these environmental conditions determines how the 

vine’s performance can be controlled in the vineyard. (Halliday and Johnson, 2007).   

 

Madeira Wine Styles and Grape Varieties 

 Only planting of European varieties of wine grapes are supported by the Madeira 

Wine Institute.  There is a total of 493.7 ha of these vines planted for the production of 

Madeira Wine and table wines (Elliot, 2010).  In 2009, around 85% of the wine 

production on the island was used to make Madeira Wine.  There are a number of grape 

varieties available for the making of table wines and a specific few that are used to make 

Madeira Wine.  One particular issue that producers are facing is that demand is over and 

above the supply of particular grape varieties.  Most notably, Verdelho grapes are 

currently in high demand because they are a main grape variety to produce the semi-

sweet style of Madeira wine, and are gaining in popularity for making table wines.  More 

Verdelho vines will need to be planted to supply this growing demand.   
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Diseases Affecting Grape Vines in Madeira 

 Vineyards in Maritime climates are characterized by high RH levels, which can 

cause problems with fungal diseases.  Vignerons in Madeira need to keep a close eye on 

their vines for any sign of disease, so they can be treated before he diseases spread.   

 Downy Mildew (Plasmopara viticola) is a mold that attacks all the green parts of 

the vine.  It will cause the loss of leaves, indirectly affecting grape quality by reduced 

photosynthesis, and also growth can be affected in the following year.  Downy Mildew is 

a problem because of warm humid summers (Elliot, 2010). 

Powdery Mildew (Oidium tuckerii), also attacks all green parts of the vine.  It 

develops where vine canopies are dense, but it is only little affected by humidity.  It is 

spread by the wind in warm weather.  It can affect fruit set and yields (Elliot, 2010). 

Grey Rot (Botrytis cinerea) develops in damp climates.  These spores germinate 

on wet surfaces or when humidity is high.  It can attack almost ripe or damaged grapes, 

affecting the quality and reducing the yield.  The mould can spread through the whole 

grape bunch, especially when the berries are in close contact (Elliot, 2010). 

Escoriose (Phomopsis viticola) is a problem in warm humid and wet conditions.  

It can cause a considerable loss of yield by attacking the stems of the vines (Elliot, 2010). 

 Treating vines for diseases in Madeira usually entails the use of natural 

fungicides.  Alternative treatments are available, but they are usually more expensive and 

for that reason avoided by the growers in Madeira.  “Natural” fungicide sprays, such as, 

lime and sulfur, elemental sulfur and copper oxychloride or copper sulfates are 

sanctioned by organic growers (Holliday and Johnson, 2007).  When treating vines with 

copper sulfate it is important not to use too much.  Excess copper sulfate can prevent 
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vines from absorbing the main nutrients because it will increase the acidity of the soil.  

The best vineyard practice is to use organic fertilizer very sparingly (Holliday and 

Johnson, 2007).  Choosing vineyard sites that have appropriate humidity levels and are 

not prone to fog and dew is the best method of reducing fungal diseases in vineyards.   

 

2.7 The Future of Wine in Madeira 

 

Improving Grape Quality 

The price paid by the producers to the growers for their grapes is based on the 

volume, health of the grapes, and the level of potential alcohol above the required 

minimum.  Measures to improve grape quality will require persuading some growers to 

change their practices which have become tradition over centuries.  For these changes to 

take place, skeptical growers will need assurance that any changes will be of benefit to 

them in the long run, even when they are initially costly (Elliot, 2010).   

 

Increasing Plantings 

There is a clear need in Madeira to plant more of the recommended varieties for 

Madeira wine, especially Verdelho.  The Wine Institute in Madeira is working to promote 

the growing of more Verdelho (Elliot, 2010).  Currently EU regulations do not permit 

new plantings until after 2015.  For now, growers can prepare for developing new 

vineyards by pre-identifying locations with high grape quality potential for the varieties 

that will be most in demand. 
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Innovation 

The Madeira Wine Institute has experimental vineyards where they are carrying 

out the work of comparing different pruning and training methods, growing different 

clones, and growing different rootstocks (Elliot, 2010).  Barbeito is one of the major 

producers of Madeira Wine, and at their winery they are experimenting with growing 

vines on the rooftop to test how the vines will react to the microclimate up there.  When 

asked about the plantings, they responded that they wanted to test how Verdelho would 

react to the microclimate, and are trying to learn lessons for the future (Elliot, 2010).  

Understanding the microclimates preferred by the different grape varieties and wine 

styles can help with increasing plantings and raising the wine grape quality.    

 

2.8 Summary 

 

This literature review has covered a general scope of the environmental factors 

that contribute to grape quality in the vineyards of Madeira.  This study hopes to further 

our understanding of the relationship between microclimates and grape quality.  

Potentially, by identifying the particular microclimatological conditions of the areas that 

produce high quality grapes will help to identify other suitable viticultural sites.  It is 

difficult to find any natural environments that combine all the best conditions for 

viticulture (Gladstones 1992).  The best vineyards will combine, to the greatest possible 

degree: moderately high relative humidities; ample sunshine hours; and minimal 

temperature variability.   
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3.0 Methods 

"And Noah began to be a husbandman, and 

he planted a vineyard." Genesis 9:20 

 

3.1 Overview 

This study utilizes a qualitative approach to gain a better understanding of the 

relationship between landscape characteristics and the microclimates of vineyards in 

Madeira, Portugal.  The inability of viticultural suitability maps to identify microclimates 

and predict where grape quality will change at the vineyard scale indicates that there is a 

need to develop a better understanding of this phenomenon.  Although theory on the 

subject exists, a practical understanding of the subject is warranted.  To achieve this task, 

an exploratory approach has been chosen.  To begin understanding the phenomenon of 

vineyard variability, it was decided that interviews with vignerons is the best way to start.  

The interviewees will share their valuable viticultural knowledge, and semi-structured 

interview questions will guide a conversation that allows them to speak freely on the 

subject of interest.  Conducting interviews face-to-face was the most practical option for 

translation purposes, and also, to allow the interviewees to speak freely on the subject.  A 

translator was required for this study to translate the interview questions into Portuguese 

and interviewee responses into English.         

In this study, vignerons were interviewed to determine where grape quality 

changes in the landscape and to learn the reasons why.  These interviews were conducted 

with experienced vignerons in a region with unique landscape characteristics and a long 

tradition of grape vine cultivation.  Madeira, Portugal, was chosen to collect as the study 

site because the unique landscape characteristics create many microclimates within small 
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distances and within vineyards.  Also, vignerons in Madeira generally utilize traditional 

methods that have been passed down through generations, which can be used to inform 

this study beyond solely theoretical explanations.    

 

3.2 Qualitative Methods 

 

An Inductive Approach 

First, an inductive approach is used to develop an understanding of the way 

viticulturists recognize the relationship between environmental conditions and grape 

quality.  The objective of an inductive approach is to ground theory in the context of 

everyday life (Palys, 1997).  A lack of, or inability of current theory to delineate or 

identify the information specifically needed to develop microclimatological viticulture 

suitability maps, provides a rational for conducting research that starts with observations 

and then moves on to developing theory (Palys, 1997).   

 

Exploratory Methods 

Inductivists advocate exploration as a means of achieving familiarity with and 

new insights into a phenomenon (Palys, 1997).  The aim of this research is to gain a 

better understanding of the environmental factors that determine grape quality potential.  

An exploration of this subject is an appropriate starting point to uncover new insights that 

can inform a theory to underlie the development of more inclusive microclimatological 

viticulture suitability mapping.   
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Face-to-Face Semi-Structured Interviews 

The need for a practical understanding of vineyard variability and the 

environmental factors contributing to grape quality favored the use of face-to-face 

interviews that were guided by semi-structured questions.  Face-to-face contact was 

preferred for this study to ensure high rates of participation by a small research group, the 

benefits of personal contact, and to humanize the interview process.  The only limitations 

of this type of interview were, of course, higher time and cost requirements.  Semi-

structured questions were chosen because the range of answers that would be provided by 

interviewees was unknown.  In this case, interviewees were given the opportunity to 

speak freely and give their personal opinions related to the subject.  Semi-structured 

questions allowed this researcher to hear a range of answers based on the practical 

experience vignerons have accumulated the over years of working in vineyards.  

Furthermore, semi-structured questions offered the flexibility to explore unanticipated 

avenues, as well as allowing for the clarification of any issues on the spot. 

 

Vineyard Tour and Inventory 

During the interviews, vignerons guided a tour of their vineyards and allowed 

photographs to be taken, questions about particular landscape characteristics to be asked, 

and specific areas where grape quality changes to be identified.  On the spot, this 

researcher was able to analyze the vineyard’s different environmental conditions and 

explore the vigneron’s reasoning for vineyard variability.  This was a valuable process, as 

it allowed a full understanding of their opinions and provided specific examples of the 

areas where grape quality changes for better or worse.   
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3.3 Research Design 

 

This study is designed to gather data related to the factors influence grape quality.  

First, the literature review provides an understanding of the research problem and what is 

currently known about how landscape characteristics affect grape quality.  Second, data 

from semi-structured interviews and a site inventory were collected.  A response 

frequency graph is constructed and the results are analyzed along with the interview data.  

This data is then discussed in relation to the literature for patterns and themes will 

emerge.  Conclusions make recommendations for vineyards siting and design.   

 

3.4 Convenience Sample and Site Selection 

 

Interviewees 

A non-random convenience sample of twelve (12) individuals was selected.  

Interviewees included males and females.  The number of participants was limited to 

vignerons in Madeira who were willing to be interviewed and guide a site visit to their 

vineyard/s.  Interviewees were limited to individuals who had specific knowledge about 

the cultivation and harvesting in a vineyard they could offered a tour of.  A convenience 

sample was chosen out of necessity; participants needed to be interested in volunteering 

to participate in this study.  The only criteria for participants was having a vineyard they 

could show me around and were familiar with, and that they use or sell their grapes for 

wine production.   
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Growers & Agents 

 The growers used as the interviewees for this study were recruited from a variety 

of operations.  Large scale producers and growers that produce their own wines were 

favored.  Time constraints and a willingness to participate in this study limited the 

number and choices for interviewees.  Nevertheless, the range of growers included in this 

study represents both small and large scale growers who sell their grapes to the producers 

of Madeira wine, and small and large scale growers who produce their own wine for 

commercial purposes. A couple of agents who work for the large wine producers also 

participated in this study and were joined by the vineyard’s growers during the 

interviews.   

 

Site Selection  

Madeira was chosen as the study location for a variety of reasons.  Madeira 

offered this study an opportunity to research vineyards that are influenced by a range of 

different landscape characteristics.  Madeira has a unique landscape because of its 

orographic character which creates a wide variety of unique vineyard conditions.  These 

unique conditions provide many examples of different landscape characteristics that 

affect microclimates.  Madeira has a long tradition of quality wine production, which will 

ensured that vignerons will have a good understanding of the landscape characteristics 

that have positive and negative effects on grape quality.   
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Vineyards 

The study vineyards are located all across the island.  All vineyards in Madeira 

are kept at altitudes under 800m.  Vineyards in this study ranged from 700 to 20 meters 

above sea level.  A wide variety of vineyard locations ensured that many landscape 

characteristics are included in the final analysis. Contact with vignerons was made and 

interviewees offered vineyard locations that were possible to visit for this study.  

Arranging interviews with as many of the island producers as possible ensured that the 

study vineyards would be located have a wide variety of landscape characteristics.  

 

Semi-Structured Interview Questions 

A short set of open-ended questions were developed to use as a guide during the 

interviews (see Appendix A).  Participants were asked to answer these questions and 

allowed to speak freely about any topic relating to their experience with vineyards and 

the factors affecting grape quality.  The questions were developed in two sections relating 

to the objectives of “where the best grapes grow on the vineyard”, and “why the best 

grapes grow in these areas”.  Interview questions were asked during vineyard site visits.  

This allowed interviewees the opportunity to point specifically to the areas they were 

referenced in their responses.  During the interviews, a translator was used to translate the 

interview questions from English to Portuguese and interviewee responses from 

Portuguese to English.   

 Interview questions began with the identification of areas where the highest and 

lowest quality grapes grow on the vineyard.  Interviewees were asked to evaluate grape 

quality based on their own personal experience and opinion.  Asking the interview 
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questions resulted in visiting these areas and recording the landscape characteristics and 

taking photographs for use later in the analysis.  Being on the vineyard while asking the 

interview questions helped the interviewees recall reasons why grape quality changes in 

their vineyard.   

 

Translation 

All interactions with participants were in some way helped by the study translator.  

It was necessary to use the translator to make phone calls and help arrange interviews 

with participants.  Once interviews were established, the project translator accompanied 

this researcher to each of the interviews.  During the interviews, this researcher would ask 

questions in English, and the translator would in turn ask the vignerons these questions in 

Portuguese.  The vignerons would respond in Portuguese, and the translator would repeat 

their responses in English for this researcher to record.   

 

Procedure 

Every interview was primarily conducted on the study vineyards.  Some of the 

interviews continued after, or started before, the site visits and carried over or carried on 

from the site visit. Interviewees were met on the study vineyard or in another location and 

then driven to the vineyards by participants.  The amount of time each interview took was 

determined by the number of vineyards that were being visited, the amount of time the 

participant had available, and how long it took for all of the questions to be answered.  

Some interviews lasted only a half hour, whereas others took up to four hours.  The major 

reason some interviews took much longer than others was based on the number of 
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vineyards being visited.  Some interviews consisted of visiting only one vineyard, while 

others included visits to up to 6 vineyards during one interview.  All interviews were 

transcribed in a note book, and later copied into a Microsoft Word document.  

Interviewees were given individual identification using a classification system of 

“Grower 1, Grower 2 & Agent 3…” to protect participant confidentiality.   

 

3.5 Data Analysis 

 

The data collected from each of the interviews was analyzed during transcription 

and by later re-reading through all the material and consolidating the data to include only 

relevant information.  Themes are initially developed by quantifying the frequency of a 

particular response in all the interviews.  A frequency graph is developed from this 

information and interpreted as an indicator of the level of importance of a given 

environmental factor.  This frequency graph is used only as an indicator and not a final 

measure of the importance of each environmental factor because the vineyards all have 

different conditions and not all factors will be present on every vineyard.  For this reason, 

responses with a low frequency result will be evaluated in the discussion in the same way 

as high frequency responses.    
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3.6 Summary    

 

Face-to-face interviews with open-ended questions were chosen to learn as much 

as possible about what the vignerons know about the factors affecting grape quality in the 

vineyards.  Qualitative methods are used to develop a better understanding of the 

relationship between landscape characteristics and the microclimates of vineyards 

through practical knowledge of vignerons.  An exploratory approach has allowed this 

researcher to gain familiarity with the subject of grape quality variation and what is 

known or missing knowledge within the everyday practices of viticulture.  Semi-

structured interviews provided the means of gaining the practical knowledge integral to 

this study.   
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4.0 Results and Analysis 

 

“Have some madeira, m'dear 

It's really much nicer than beer 

I don't care for sherry, one cannot drink stout 

And port is a wine I can well do without 

It's simply a case of to each their own taste 

Have some madeira, m'dear" 

Flanders & Swann 

 

4.1 Overview 

 

The data collected through the methods described in the previous chapter has 

provided many interesting results.  The first part of this chapter contains a frequency 

graph that is used to organize and reveal patterns in the interview data.  The second part 

of this chapter discusses the interviews and vineyard site conditions.  A summary of the 

key results illustrates the importance of this study’s findings.    

 

4.2 Response Frequency Graph 

 

Interviewee responses from the open-ended questions have been organized into a 

frequency graph.  Each vigneron provided their opinions about which factors influence 

the production of higher or lower quality grapes.  These responses have been organized 

into a table (Appendix B & C) and a graph (Figure 1).  This graph is not a true 

representation of the level of importance of each of the factors because interviewees only 

responded to the conditions of their own vineyards.  The interview questions were related 

directly to the Grower’s vineyard, so they could not talk about the effects of a cliff, wall 

or any other site feature when they were not present in the vineyard being examined.    



45 

 

Thus, this graph can serve only as a general indicator of the factors that are most 

important to grape quality and also what factors most commonly occur in the vineyards 

studied.    

 

 
Figure 1. Summary of positive and negative factors affecting grape quality.  

   

The graph clearly demonstrates a strong correlation between the conditions found 

in higher quality areas, and the opposite conditions found in the lower quality areas.  This 

graph can help determine which landscape factors play a more significant role in 

determining grape quality, and which grape varieties and styles favor particular 

environmental conditions.  There seems to be a strong tendency towards climate, 

landscape, and soil characteristics as the overriding factors determining wine grape 

quality.   
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Dry Soil 

All interviewees had a strong opinion that dry soil and good drainage are two important 

factors in high quality grape production.  Furthermore, all interviewees thought that poor 

drainage is a major problem in the vineyard.  

 

Exposed Site 

Only one interviewee did not think more exposed vines produce better quality grapes.  

This interviewee experiences a problem with high winds, and protecting vines from these 

winds improves yields.  For the rest of the interviewees, vines that are more exposed to 

the elements are better because they experience beneficial winds, less humidity, and catch 

more sun.   

 

Wind 

Nine out of ten interviewees think that wind is an important factor contributing to high 

quality grapes.  On the other hand, two interviewees think wind is a problem and six out 

of ten interviewees think that strong winds are detrimental to grape quality, especially in 

the spring when young shoots and buds can be damaged.  One interviewee thinks that 

strong wind is good for the vines. 

 

Fresh Air Circulation 

Seven out of ten distinctly mentioned fresh air circulating the vines as a highly positive 

factor.  The explanation given for the benefits of fresh air is that it reduces humidity and 

keeps the vines dry, which reduces diseases.    
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Full Sun 

Full sun is valued by nine out of ten of the interviewees for increasing grape quality.  The 

only negative comment about too much sun was when it is combined with too much or 

too little water.  Too much water and full sun is said to result in the grapes maturing too 

fast without the flavor having time to reach full ripeness.  When the soil depth is shallow 

and the subsoil is impenetrable, the resulting lack of water from aboveground and 

underground results in grape raisining.    

 

Part Sun 

One interviewee thinks that part sun is good for grape quality on the vineyard, whereas 

six interviewees think that part sun negatively affects grape quality.  The vigneron who 

thought part sun is beneficial is producing table wines in an area that is normally too 

warm, and even Madeira Wine grapes are normally cultivated at higher altitudes.  The 

lower need for sunshine and temperature of table wine grapes can explain why limited 

sun in beneficial in this warmer climate.   

 

Poor Sun 

Eight out of the ten interviewees think that poor sun exposure is a problem for grape 

quality.   
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Aspect 

Orientation to the sun is important to eight out of ten interviewees.  However, this does 

not necessarily imply full sun orientation, as some of the interviewees feel that direct 

south orientation is not the only aspect that produces the best grape quality.   

 

High Temperatures 

Nine out of the ten interviewees feel that high temperatures are important for higher 

quality grape production. Similarly, eight out of the ten interviewees feel that low 

temperatures are responsible for lower grape quality.  Conversely, two of the 

interviewees clearly stated that cold temperatures are important for the vines too, but at 

the right times.   

 

Sandy Soil 

Seven out of the ten interviewees believe that sandy soil helps to increase grape quality.   

 

Cliffs 

All of the vineyards that were located at the bottom of cliffs had the interviewee state that 

the cliff positively affects grape quality.  The same interviewees that state cliffs as 

positive factors also state that cliffs with a poor orientation to the sun do not produce the 

same effects.  The cliffs do not have to be orientated directly south, but without enough 

sun exposure, the cliff does not receive enough radiation to warm the area.  Thus, cliffs 

are positive vineyard features when vineyards can benefit from their warming more than 

their shade.   
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Terraces 

Five of the ten interviewees mention terraces in the vineyard as positively affecting grape 

quality.  Terraces observed in this study range from short to steep.  Interviewees feel that 

steeper terraces are better and that short/long terraces with many vine rows do not have a 

substantial effect.   This is likely related to the amount of slope and soil depth.  Terraces 

are also mentioned to help prevent erosion, which does not directly affect grape quality.   

 

Proximity to the Ocean 

Five of the interviewees think that proximity to the ocean is beneficial to grape quality.  

Three of the interviewees think that salt spray from the ocean negatively affects the 

vineyard.  Although, two of the three that complain about the negative effects of salt 

spray think the beneficial aspects of proximity to the ocean outweigh the negative effects.   

 

Salt Spray 

Four interviewees think that salt spray is a problem that negatively affects grape quality 

indirectly by causing disease in the vines. 

 

Deep Soil 

Four of the ten interviewees feel that deep soil is important for high quality grape 

production.  
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Penetrable Subsoil   

Seven out of the ten interviewees feel that penetrable subsoil is required to produce high 

quality grapes.   

 

Strong Soil 

Three interviewees believe that highly fertile soil is a problem for grape quality.  Strong 

soil implies too much nutrients in the soil leading to high vine vigor.   

 

Walls 

Four of the interviewees think that walls in the vineyard positively affect grape quality.  

On the other hand, three interviewees think walls can be a problem in the vineyard 

because of increased humidity levels.  Two of the interviewees that think walls have a 

positive influence, and at the same time, think walls can have a negative influence too.  

 

Elevation 

Only one interviewee thinks that high elevation is beneficial for the vines, and three think 

it is detrimental to grape quality.  Four interviewees think that low elevation is good for 

grape quality.  Low elevation is directly related to higher temperatures. 

 

Protected Areas 

Four interviewees think that some areas produce better quality grapes because they are 

protected from negative environmental conditions.   On the other hand, four interviewees 

think that protected areas negatively affect grape quality. 
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High Slope 

Four interviewees think that higher slope is a positive factor in the vineyard for grape 

quality.  Alternatively, two interviewees think that low slope affects grape quality 

negatively.   

 

Rocky Soil 

Three interviewees think that rocky soil is good for grape quality. 

 

Water 

Eight interviewees think that water is a problem for grape quality on their vineyards.  

Water on the vineyard is generally referring to excess soil moisture.   

 

Underground Water 

It is important for vines to have access to water deep underground.  On the other hand, 

three interviewees think that underground water is a problem and negatively affects grape 

quality. 

 

Mixed Crops 

Three of the interviewees think that growing specific crops mixed with vines is beneficial 

to grape quality.  On the other hand, four interviewees think that mixing crops with vines 

is detrimental to grape quality. 
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Stones at the Base of Vines 

Two interviewees were explicit about the beneficial effects of stones at the base of vines 

improving grape quality. 

 

Older Vines 

Two of the interviewees were convinced that older vines produce better quality grapes.   

 

Proximity to a River 

Two interviewees think that it is beneficial for grape quality to be located near a river.  

On the other hand, four interviewees think that a river near by negatively affects grape 

quality. 

 

Part Sun 

One interviewee thinks that part sun is good for the grape quality in the vineyard.  

However, six interviewees think that part sun negatively affects grape quality on their 

vineyard. 

 

Humidity 

One interviewee thinks that high humidity levels are good for grape quality, whereas, 

nine interviewees think high humidity is a problem.  The interviewee that thinks high 

humidity is good for grape quality also thinks it is a problem.  When humidity is too high 

it is always a problem because it increases the risk of fungal diseases in the vineyard. 
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Rain 

Only one interviewee mentioned that rain is important for grape quality during the winter.   

Five of the interviewees talk about the negative aspects of rain during the growing 

season.   

 

Fog 

Fog is a problem for grape quality to five of the interviewees.   

 

Lizards 

Four interviewees think that lizards are a problem.  Lizards eat the grapes when they 

grow near where they live.  Sometimes traps are made or other forms of controlling 

lizards, but other times they are too numerous to try and fight against and yield loss due 

to lizards’ appetites are accepted.   

 

Proximity to Trees   

Four interviewees think that grape quality is negatively affected by the proximity of a 

vineyard to trees. 

 

Clay soil 

Four interviewees think that vineyards with clayey soils have a negative impact on grape 

quality. 

 



54 

 

Overcast 

Two interviewees think that an overcast sky is a problem and results in lower quality 

grapes. 

 

4.3 Vineyard Conditions and Interviews 

 

Grower 1  

Positive Factors Negative Factors 

 

Dry Soil 

Good drainage 

Exposure 

Full Sun 

Aspect 

Wind 

High Temperature 

Fresh air 

Cliffs 

Deep Soil 

Penetrable subsoil 

Under-crops/weeds 

Underground water 

Protected Areas 

Proximity to Trees 

Under-crops/weeds 

Rain 

Part sun 

Low Temperature 

Poor sun 

Water 

Humidity 

Poor drainage 

 

In this vineyard, the vigneron thinks the sun and soil are the most important 

factors affecting grape quality.  The interviewee also places a strong emphasis on the role 

of water in the vineyard and soil moisture levels.  The role of management practices in 

producing high quality grapes is also emphasized.  The effect of the vineyard’s proximity 

to other agricultural crops is explored.  Proximity to a river is also explored and 

discussed.   The wind is seen as an important factor to refresh the vines and minimize 

humidity.   The vineyard is located in the warmer southern side of the island, and Tinta 

Negra grape vines are produced and sold to the Madeira wine producers.  

 

The Interview: The vigneron made it clear that the strategy for this vineyard is to 

produce the highest quantity and quality is not the priority.   
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 Achieving at least the minimum required sugar level in the grapes satisfies Grower 1.  

Because this area is difficult for growing vines, improving quality is more difficult than 

increasing the amount of grapes produced.  A latada style trellising system is used to 

extend the grape vines over large areas of stone and walls.  Utilizing the latada system 

improves the overall yield of this vineyard substantially. 

This vineyard has been constructed on an east-facing cliff by utilizing stone 

terraces.   Close to the cliff wall there is little soil depth and the quality of grapes is not 

the best because, according to the vigneron, the roots do not have enough soil.  The 

shallow soil dries quickly and requires extra watering.  More water is not good for grape 

quality, according to this vigneron, but is necessary because the soil does not hold enough 

water.  This suggests that an impenetrable subsoil and shallow soil depth is not good for 

grape quality because the vines do not have access to water moisture underground to 

support the vine when the top soil layer dries.   

If the vines get full sun and too much heat and water they mature too rapidly and 

the quality is not good.  This suggests that their needs to be a balance between the amount 

of water and sun.  This vigneron says the amount of sun is very important, but soil depth 

must go along with the sun because without vine roots being able to penetrate the subsoil 

to find moisture deep underground, too much water will need to be used.  Excess water 

and full sun will force the grapes to mature too fast and the quality will be low.   

Areas next to the levada, where water is constantly seeping out of the rocks and running, 

is not good for grape quality.  The levada in this vineyard is made from concrete and has 

cracks in it that allow water to pass through and into the soil.  This lowers the quality of 

the grapes by constantly leaking excess water into the soil     
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Temperature is important on this vineyard, because the areas without good sun 

orientation are much cooler.  The areas with more sun are much warmer because the cliff 

warms up and radiates heat.  For this vigneron, the area with the most sun and deep soil 

produces the best grapes.   

Plantings under the vines and around the vines are not good.  According to this 

Grower, where bean vines are grown they take nutrients out of the soil and the grape 

vines do not grow as strong.  Another explanation for this occurrence can possibly be that 

bean vines add nitrogen to the soil, of which too much is not good for the maturation of 

grapes.  Bananas planted within or surrounding the vines is not good because they shade 

the vines, make the area more damp and cold, and require consistent irrigation that is 

above the level required for grape vines.   

 

Grower 2  

Positive Factors Negative Factors 

 

Good drainage 

Exposure 

Full Sun 

Aspect 

Wind 

High Temperature 

Fresh air 

Sandy Soil 

Cliffs 

Terraces 

Proximity to ocean 

High Slope 

Rocky Soil 

Underground water 

Low Temperature 

Strong Wind 

Low Slope 

Protected Areas 

Proximity to Trees 

Under-crops/weeds 

Lizards 

Salt Spray 

Low Temperature 

Poor sun 

Water 

Humidity 

Poor drainage 

 

Here, Grower 2 is interested in quality over quantity.  This site has a tradition of 

producing some of the best Malmsey wine in history, and the special microclimate of the 

site is given much of the credit for that.  The sun is of primary importance to Grower 2.  

This vigneron thinks that areas with less exposure and more water do not produce the 
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highest quality grapes.  Grape vines here need to be exposed to the highest temperatures 

when it is warm and the coldest temperatures when it is cool.  Gravely soil is seen as 

beneficial to grape quality here, and having many rocks on top of the ground is also good.  

Being located between the bottom of a large south-facing cliff and the ocean is good for 

the vines.  Water and rain is seen as detrimental to grape quality, and the vigneron thinks 

the better grapes come from vines without irrigation.    

 

The Interview:  According to Grower 2, the vines that are highly exposed produce the 

best quality grapes.  This Grower believes that “more sun equals better grapes in 

general”.  This interviewee claims that the vines need the highest temperatures and they 

also need the coldest.  High exposure in this area ensures the vines will have access to the 

highest and lowest temperatures.   This explains why sloped sites are preferred by this 

vigneron.  Sloped sites ensure vines are highly exposed to all the elements.  Near the 

bottom of the cliff is where the best grapes are said to grow.  Near the bottom of the cliff, 

the vines are on an elevated slope that gives them a direct view of the ocean, and they are 

far enough from the sea to not worry about salt spray.  Winds are constant here, but 

strong winds are not said to be a problem.  The soil is gravely and has many large stones 

in it, making it very well draining.  Too much water in the vineyard at the wrong times of 

the year can lower grape quality, so rain is seen as problem during those times.  There are 

also large terrace walls, and the vines grow draped over the edge of these walls.  In the 

areas where quality is not as high, the slope is less, there is more shade, and fewer rocks 

in the soil, which results in excess soil moisture.   
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The Malvasia grape variety that grows here only grows well in the warmest 

vineyards in Madeira and always near the coast.   

 

Grower 3  

Positive Factors 

 

Negative Factors 

Dry Soil 

Good drainage 

Exposure 

Aspect 

Wind 

High Temperature 

Fresh air 

Sandy Soil 

Cliffs 

Terraces 

Proximity to ocean 

Deep Soil 

Walls 

Low Elevation 

Protected Areas 

Proximity to River 

Part sun 

Humidity 

Poor drainage 

Lizards 

Low Temperature 

Water 

 

 In this vineyard, Grower 3 produces a variety of table wine varieties.  This area is 

not traditionally a table wine producing area, because it is located at low altitude (80m) 

on the southern coast of the island.  Grower 3 believes that “low altitude is good here”, 

and that “the better grapes grow here” and “this whole place is unique”.  The vineyard is 

located on the side of an east facing cliff and only catches sun from the morning until late 

afternoon (4pm), and “after that the rocks keep the vines warm”.   It is important to 

Grower 3 that the cliff is warmed by the sun during the day and this heat is reradiated to 

the vines when the temperature cools.  This is the reason he believes the grape quality is 

good here.  For the vigneron, “all this area is good”, and “this is too small of a vineyard 

for there to be a difference”.   

 

The Interview: The vigneron could only point out one area of his vineyard where the 

grape quality is lower than the rest.  In the lower quality producing area, a shallow soil 

depth is the reason.  There is a difference in growth habit between the vines growing near 
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the front of the terraces and the ones growing near the wall.  The vines near the wall have 

higher vine vigor and, because of increased shade, their leaves are large.  The vines by 

the walls require mid-season pruning to maintain high quality and to ensure all the vines 

ripen at the same time.  The soils here are very dry and well-draining.   It is located next 

to a river, and the vigneron believes the wind coming from the ocean is good for the 

vines.  Also, good wind in this site helps reduce humidity, and this Grower does not 

experience the common diseases on other vineyards because humidity is not too high.  

The terraces have very deep soil that is well draining and rocky.  There are no problems 

with underground water here and the lavada is built directly into the stone of the cliff, so 

no water leaks from the lavada into the soil.  This Grower uses the espalier system here 

and thinks it is better for quality, whereas the latada system is better for quantity.  This 

Grower also practices burning organic material and working it back into the ground.  

“this is the best Verdelho in Madeira” and everybody wants to buy his Verdelho”.   

 

Grower 4 & Agent 1  

Positive Factors Negative Factors 

 

Dry Soil 

Good drainage 

Full Sun 

Aspect 

Wind 

High Temperature 

Fresh air 

Underground water 

High Elevation 

Rain 

Low Elevation 

Wind 

High Elevation 

Proximity to Trees 

Proximity to River 

Fog 

Part sun 

Low Temperature 

Poor sun 

Water 

Humidity 

Poor drainage 

 

At this vineyard, Grower 4 and Agent 1 describe the best areas as being where 

there is the most sun.  In the area where the best grapes grow, the flowers appear earliest 

in the spring.   Grower 4 can tell where the better grapes will be depending on when the 
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flowers appear, and the best grapes will be where the flowers appear earlier.  The vines 

that are first to flower are also the first to be harvested.  The vines that take longer to 

harvest have lower grape quality.   

The landscape characteristics where the best grapes grow here include: high slope 

with a good orientation, red soil, and high ground.  Grape quality is negatively affected in 

the other areas by poor orientation, proximity to forest trees, proximity to a river, low 

lying lands, and poor soil drainage.  The worst quality grape vines have a high level of 

vine vigor, but the quality and quantity of the grapes is low. This Grower also says that a 

lack of rain during the winter will have a negative impact on grape quality because the 

underground water reserves will not be replenished. 

 

Interview: This vineyard, which the vigneron pointed out as producing the highest 

quality, is said to be better because of the orientation and warmer conditions with less 

humidity, less soil moisture, high slope, red soils and more penetrable subsoil.  The best 

area has trees in proximity but they are positioned behind the vineyard to the north and 

they do not shade the vines.  The wind in the best area felt warm during the interview, 

while the low lying areas were cooler.  In the low lying area beside the river, they 

complained about high humidity, moist soils, and cool air negatively affecting grape 

quality.  For the Grower, “more water equals lower quality”.  Next to the forest on other 

side, the vines get more shade from the trees and it is also cooler and more humid.  In the 

valley where quality is the lowest, the orientation is to the east and north-east.  The water 

does not drain well and the vines have more vigor, but the quality and quantity of grapes 

is low.  In the second best area, conditions are almost the same as the best area but the 
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soil changes from yellow to red and the forest is located on the west and north sides 

instead of to the north, uphill away from the ocean.  According to Agent 1, this is not the 

ideal site because it has too high altitude and too much fog.   

At this vineyard, experimental planting demonstrated which varieties would 

perform the best.  Malvasia and Bual both grow at lower altitudes near the coast, and both 

varieties were unsuccessful here between 600m and 700m elevation.  The varieties to be 

planted at this site in the following season are Verdelho and Sercial.  Both of these 

varieties favor slightly cooler temperatures and are more common in the northern part of 

the island and at higher altitudes.  

 

Grower 5 and Agent 2  

Positive Factors Negative Factors 

 

Dry Soil 

Good drainage 

Exposure 

Full Sun 

Aspect 

Wind 

High Temperature 

Fresh air 

Sandy Soil 

Terraces 

Deep Soil 

Penetrable subsoil 

High Slope 

Under-crops/weeds 

Older Vines 

Proximity to ocean 

Overcast 

Protected Areas 

Proximity to River 

Rain 

Fog 

Strong Wind 

Part sun 

Low Temperature 

Poor sun 

Water 

Humidity 

Poor drainage 

 

Grower 5 and Agent 2 claim this vineyard is in the best area in the second largest 

wine grape producing district of Madeira.  If the weather is bad and other vineyards do 

not perform well, this vineyard is always better.  This vineyard is located inland from the 

northern coast.  It is characterized by a position in the middle of the slope of a mountain.  

On either side of the vineyard are cliffs.  This creates a consistent microclimate 

throughout the site, and there is a constant wind that is not too strong, but it is good to 
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refresh the vines.  There are also no changes in soil characteristics, which are well 

draining, deep, and dark without stones in it.  The grapes are Tinta Negra, and grown in a 

latada trellising system.  The Grower and Agent are adamant about the age of the vines as 

being the one factor that changes grape quality in this vineyard.  The older vines are said 

to produce lower yields but higher quality and are responsible for variation in this 

vineyard.  The main problem in this area to achieve the required sugar levels is if it rains.    

 

The Interview: The most important aspect of this place is that “the wind is soft and 

warm” and “always blowing”, which is good because “too much humidity is a problem”. 

The soil dries very fast, and when it rains overnight, the ground is already dry by the 

morning.  The worse areas according to the Agent and Grower are at the top of this 

mountain, where it is too cold.  In the valley at the bottom of the mountain it is also 

difficult to get high quality and some years it is not possible to harvest because the grapes 

do not reach a high enough sugar level.  The Grower said that the quality in the first row 

is always slightly higher, because it is more exposed to the wind and sun, but sometimes 

these vines can be injured by strong winds in the spring.  The agent also said that terraces 

are better, especially when they are orientated towards the sun.  The site is in full sun, and 

the Grower explained that “good sun equals a good harvest”.  It is also important for the 

soil to be kept dry and only water the vines when necessary.  They grow potatoes 

between the vines in the winter and say this practice improves the soil.  The Grower 

describes “vines are like a tangerine tree.  The one with best fruit is always the highest”.  

This quote from the Grower means that fruit quality is likely related to the amount of 

exposure vines have to the sun and wind.   



63 

 

Grower 6 

Positive Factors Negative Factors 

 

Dry Soil 

Good drainage 

Exposure 

Full Sun 

Wind 

Sandy Soil 

Exposure 

Rain 

Fog 

Strong Wind 

Part sun 

Low Temperature 

Poor sun 

Humidity 

Poor drainage 

 

This vineyard is located just below Growers 5’s vineyard.  The characteristics and 

conditions are the same, and the Grower thinks “all this area is good”, and “this area is 

the best”.  What Grower 5 and Agent 2 said about the previous vineyard is confirmed.  

Consistent landscape characteristics keep the quality of grapes on this vineyard 

consistent.   

 

The Interview: The Grower only notices a difference between the first row of the 

vineyard and rest.  This vineyard also uses the latada system of trellising, and the Grower 

notes that the first row of the vines is always better because the interior vines get more 

shade. Furthermore, vine spacing with the latada style needs to be properly spaced out or 

the vines will choke each other out.  This Grower places a lot of emphasis on the 

management practices that lead to higher quality grapes, and tells us that taking care of 

the vineyard with “lots of love helps”.  The main problems here for grape quality are rain, 

humidity, and fog. 
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Grower 7  

Positive Factors Negative Factors 

 

Dry Soil 

Good drainage 

Exposure 

Full Sun 

Aspect 

High Temperature 

Sandy Soil 

Cliffs 

Terraces 

Proximity to ocean 

Deep Soil 

Penetrable subsoil 

Walls 

Low Elevation 

High Slope 

Rocky Soil 

Underground water 

Stones at base of 

vines 

Older Vines 

Low Temperature 

Humidity 

Low Slope 

Walls 

High Elevation 

Clay Soil 

Lizards 

Salt Spray 

Strong Wind 

Low Temperature 

Poor sun 

Water 

Humidity 

Poor drainage 

 

Vineyard 1 & 2  

Grower 7 showed us three vineyards.  Two of the sites were located in the same 

district, and only roughly a couple kilometers apart on the northern coast of the island.  

Both vineyards were under a half a hectare in size and located on sloping sites facing 

north-east towards the ocean.  According to this vigneron, this district of Madeira has a 

long tradition of producing the best table wines, but there is a substantial difference East 

and West facing vineyards.  West facing vineyards are said to have much lower quality, 

because of an unfavorable orientation to the sun.  On the other hand, East facing 

vineyards catch the morning sun, and this is very important to the Grower.  It is also said 

these vineyards produce good quality grapes because of their orientation to the morning 

sun and that they receive “double sunshine” off the ocean “10 minutes after the sun 

comes up”.  It is important for this Grower that there is good air circulation and relative 

humidity.  There is a problem with salt spray, but this Grower does not want to use wind 

fences because he would prefer to get more sun and salt spray.  This Grower thinks that 

stone walls improve grape quality for the first row of vines in front of them, because 
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extra heat is radiated to these vines.  Although the extra heat improves grape quality, 

walls in the vineyard can cause air circulation problems, and this can result in higher rates 

of disease.  Grower 7 says that the high humidity levels are good for the vines because 

“it’s like cooking vegetables in steam, which is best for taste, and it’s the principle reason 

we have good wines in Madeira”. 

 

The Interview: The first vineyard had all the same quality throughout, and the second 

one did too.  The second vineyard always has better quality than the first.  Quality and 

quantity are higher, and the vines are less susceptible to diseases.   The Grower could not 

explain why the vineyards produce different quality.  The possible reasons for the 

heightened quality of grapes in the second vineyard can be related to the different 

landscape characteristics of the sites.  The higher quality vineyard has a lower altitude 

and is closer to the ocean.  It also has been built at the bottom of a high cliff.  The soil has 

more rocks in it and many large rocks on top of the soil too.  There is plant material 

debris mixed into the soil from years of rocks falling with plants and mixing into the soil.  

There is a cascade near by, and Growers 7 says this means there is underground water for 

the vines to access, but this Grower warns that planting too close to the cascade will 

lower grape quality because there will be too much water available.   

Grower 7 showed another vineyard on the other side of the island.  This vineyard 

was much larger and experienced grape quality variability.  This site is located on the 

southern side of the island, inland from the coast.  The better grapes in this vineyard grow 

on a high slope with terraces that only have a few vine rows.  The soil is sandy, rocky and 

well draining, but it is not deep.  This type of soil is said to be good for these vines 
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because it gets hotter and is less fertile.  The subsoil is penetrable because it had been 

broken up by the roots of mature trees when this area used to be forested.  The grapes 

from this area are better because of quality and quantity, and they are ready to harvest 

two weeks earlier.  There are many lizards and cacti in this area.   

 The lower quality area is a relatively flat lowland valley.  The area where the 

vineyard is used to be a strawberry field, and the Grower says one reason the quality is 

not as good there is because previously lots of organic material had been added to the soil 

for the strawberries.  The Grower thinks that the soil has too much nitrogen from the 

organic additions and this is not good for grape quality.  The soil here is not well draining 

because it has too much clay and is too fertile.  This area also has more shade, higher soil 

moisture, more humidity, less wind, and when it rains the soil retains the moisture for a 

long time.  In this district there can be rain many times during the summer, but the better 

area drains the water fast and it is only a problem in the lower quality area where water 

drains into.   

Other important information provided by the Grower here is that vines need the 

cold temperatures in the winter and the age of vines makes a big difference.  When 

temperatures go below 7 degrees, the vines are stronger in the spring and put out more 

shoots.  The older the vines are, the better the quality of the grapes will be.  For example, 

Grower 7 explains that it takes ten years for vines to produce grapes for good wine, 20 

years is better, and 100 to 200 year old vines produce the best wine grapes.    
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Grower 8   

Positive Factors Negative Factors 

 

Dry Soil 

Good drainage 

Exposure 

Full Sun 

High Temperature 

Sandy Soil 

Proximity to ocean 

Walls 

Protected Areas 

Stones at base of 

vines 

Wind 

Proximity to ocean 

Walls 

Clay Soil 

Proximity to River 

Lizards 

Salt Spray 

Strong Wind 

Poor drainage 

 

Grower 8 described his best grapes as the ones that were the best balanced: vines 

that have moderate vine vigor and moderate yields with less susceptibility to disease.  For 

this reason, the grapes with the best quality and that ripened the earliest were not 

considered the best areas to this Grower.  Wind is the major problem on this vineyard, 

next to vineyard variability.  All the grapes are harvested at the same time, so variability 

in ripening times is a major problem, leading to lower quality of the grapes harvested 

than this vineyard’s potential.     

 

The Interview: This vineyard experiences wide variation in grape quality throughout the 

vineyard based on irregular soil conditions and strong winds.  Winds carrying salt from 

the ocean is also a problem, as this vineyard is located directly on the coast.  There is a 

constant wind from the mountains towards the ocean, and this wind is good and bad 

according to the Grower.  The wind from the mountains is good because it dries the 

vineyard, but it is bad because it spreads disease in the direction of the wind.  When there 

is wind from the South, it is usually very strong and carrying salt in it.  The leaves of the 

vines become burned by this wind, which causes a problem because the leaves will 

produce less sugar.  Also, strong winds damage the vines and cause more labour hours 
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because the vine shoots get knocked off the trellis.  The vine rows that are orientated in 

the direction of the wind are much less affected than vine rows perpendicular to the wind.  

For this Grower, areas that are protected from the wind here are better.   

The soils in this vineyard are a mix between gravely, sandy, clayey, and organic 

compositions.  This causes a major problem because of the variance in soil drainage and 

chemical properties.  The visible manifestation of these conditions is some areas with 

vines experiencing high vine vigor, while other areas vines have trouble establishing and 

are small.  The small plants tend to produce high quality grapes, but they mature much 

faster than the rest of the vineyard and their yields are very low.  This Grower is looking 

for a better balance between the quality and quantity of the grapes produced.  For this 

Grower, vines that have a better balance between vegetative growth and berry production 

are the best.  A major problem resulting from vineyard variability here is that all grapes 

need to be harvested at the same time.  Variation in harvesting times between the highly 

stressed vines and the ones with high vine vigor can be at least two weeks, but everything 

must be harvested when the average quality of the grapes in the whole vineyard are at the 

best level.   

 An interesting note is that when yield is higher on this vineyard, there tends to be 

higher rates of disease.  The lowest producing vines have the highest quality, according to 

this Grower, because of the increased exposure to sun.  The small vines that produce the 

highest quality grapes, and mature fastest also suffer from more water stress, because the 

whole vineyard is treated the same, in regards to irrigation, even though soil conditions 

change water retention and drainage.  The vines suffering from the most water stress have 

little vigor and fewer leaves to block the sun.  This Grower also finds that the vines near 
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to south facing stone walls have higher quality.  Near the wall, temperatures are much 

higher and this is good for grape quality.  There are many lizards in these walls.  Walls 

also help to protect vines from the wind, along with buildings and other structures.  The 

wind is so strong here when it comes from the south that attempts to block it with wind 

fences have only resulted in ripped and broken fences.  One thing this Grower does to 

reduce strong wind damage to the vines is to prune them later than the traditional time on 

the island.  Pruning later in spring delays spring growth to later in the season when the 

weather is not as damaging.   

 

Grower 9  

Positive Factors Negative Factors 

 

Dry Soil 

Good drainage 

Exposure 

Full Sun 

Aspect 

Wind 

Fresh air 

Sandy Soil 

Walls 

Low Elevation 

Under-crops/weeds 

Penetrable subsoil 

Exposure 

Overcast 

Underground water 

Clay Soil 

Proximity to Trees 

Proximity to River 

Under-crops/weeds 

Rain 

Fog 

Strong Wind 

Part sun 

Poor sun 

Water 

Humidity 

Poor drainage 

 

Grower 9 was able to show four vineyards inland from the Northern coast of the island, 

for the purposes of this study.  Not all of these vineyards experienced variation in grape 

quality, but two of them did.  For this Grower, it is important that during grape maturity, 

vines have the lowest level of soil moisture and supplemental watering and rain are both 

seen as negatively affecting grape quality during this time.  Of the mesoclimate of this 

district the Grower says “it is difficult to get the degree here”.  Humidity is the main 

problem for this Grower in this district, and “more sun is good”.  Grower 9 says the 



70 

 

climate has been changing and it has been warmer with more sun and that this is good for 

the vines.  In this region of Madeira the interviewee says it is difficult to get to the 

required sugar levels.  Rain, fog and humidity are the main problems here, according to 

the interviewee. 

 

The Interview: Near the bottom of the first vineyard is a valley with a perennial spring.  

The vineyard has a consistent slope and orientation.  Proximity to the bottom of a valley 

is the only landscape characteristic that changes here.  The Grower attributes this 

vineyard variability to increased shade and humidity levels at the bottom of the valley.  

As the height level from the bottom of the valley increases, the grape quality 

incrementally increases too.  At the valley bottom, grapes take longer to mature and do 

not achieve get as high sugar levels.  The reason they take longer, according to the 

vigneron, is that it is cooler and there is more shade and more soil moisture at the bottom 

where there is a perennial stream.  The grape variety is Malvasia, and in this vineyard it is 

planted at the highest recommended elevation extents.  This means the vines are planted 

in a marginal area, and should be highly susceptible to colder microclimates and higher 

levels of humidity.  The vines are planted in a latada style, and the Grower acknowledges 

that espalier would produce better quality because of increased sunshine and reduced 

humidity.   

The second vineyard is located only a short walk from the first vineyard but it is a 

flat level area with a consistent landscape, and grape quality is constant throughout.  

Here, the grape variety Bastardo is planted and the Grower says it is less prone to 

diseases because the bunches are small and the berries are not tight together.  Malvasia 
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has the opposite qualities, with large bunches and tight berries, which make these grapes 

more prone to disease.   

The third vineyard is separated into two quality areas.  One area is good, but the 

other can take two weeks or more to mature because of an unknown problem.  It is 

believed, by the Grower and the Wine Institute’s consultants, that underground drainage 

issues are to blame for the late ripening and lower quality of these grapes.  Aboveground, 

the landscape characteristics are completely the same but soil moisture levels 

underground seem the likely cause of vineyard variation here within only a few meters.   

 The last vineyard has all the same quality.  It is located in the mid-slope of a 

mountain and has consistent landscape characteristics.  The Grower noted that the slope 

can have problems with soil nutrients leeching from the top to the bottom of the vineyard.   

 

Grower 10  

Positive Factors Negative Factors 

 

Dry Soil 

Good drainage 

Exposure 

Full Sun 

Aspect 

Wind 

High Temperature 

Fresh air 

Sandy Soil 

Cliffs 

Terraces 

Proximity to ocean 

Penetrable subsoil 

Low Elevation 

High Slope 

Rocky Soil 

Protected Areas 

Proximity to River 

Walls 

Underground water 

High Elevation 

Protected Areas 

Clay Soil 

Under-crops/weeds 

Salt Spray 

Rain 

Fog 

Strong Wind 

Part sun 

Low Temperature 

Poor sun 

Water 

Humidity 

Poor drainage 

 

 Grower 10’s vineyards are located both near the coast and further inland on the 

North side of the island.  The vineyards have a range of different landscape 

characteristics and experience grape quality variation between and within the study 

vineyards.  For this Grower, the vines that mature earliest and tend to have smaller yields 



72 

 

are the ones with the best quality.  Winds are important to refresh vines and it is best 

when they come from the sea.  Proximity to the ocean is important to moderate 

temperatures in the vineyards.  Wind fences are used where possible to protect vines 

during their most vulnerable time during the spring.  Irrigation is important to ensure 

proper soil moisture levels.  Lower altitude is considered better because of warmer 

temperatures, meaning the grapes mature faster.  Sun and dry soil are also important.  

Reflection of heat and sun off the ocean water is beneficial for the vines.  The best 

vineyard conditions, according to Grower 10, are very dry air, sandy soil and consistent 

temperatures. This Grower produces table wine grapes and uses them for in-house 

production.   

 

The Interview: The first vineyards (TN1 and TR2), are located next to each other but 

have differing landscape characteristics and grape quality.  The grapes in TN1 mature 

faster, have a higher quality, and the quantity is lower.  Problems, according to Grower 

10, in the lower quality area is bad sun orientation (west facing slope) with more shade, 

higher humidity, more soil moisture, clay soil, and less wind; the vines are more prone to 

disease and take up to two weeks longer to mature.  On the other hand, the better area is 

more exposed to the sun and wind, has better draining soil that has a low organic content 

and is sandy.  Within this area, there is a small section of vines that have even higher 

quality.  The quantity is very low, but the quality high.  The unique landscape 

characteristics where the higher quality grapes grow are different soil conditions.  The 

soil is much shallower than the rest of the vineyard and very sandy.  The Grower has to 

use irrigation to ensure these vines survive.  The Grower thinks that the subsoil is 
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penetrable so the vines have somewhere for their roots to grow and access water 

underground, which will compensate for the shallow soil.   

 In the second set of vineyards there is a substantial difference between quality and 

landscape characteristics.  The vineyards are located on either side of a plateau beside a 

river.  They are both at the bottom of cliffs, but one cliff faces East and the other West.  

The vineyard catches morning sun and much longer hours of sunshine below the East 

facing cliff, and performs much better than the other.  The soil varies between the two 

vineyards, and the lower quality area has an acidic soil, whereas the better area has a 

neutral soil that makes it easier for the vines to pick up nutrients.  In the better areas there 

are more rocks in the soil, with a lower level of organic material, and a greater soil depth 

in the better area, the cliff reflects the sun to the grapes and this is very important; these 

vines are planted near rocks.  The better area used to have terraces and even though this 

Grower admits that terraces improve grape quality, they were removed before planting 

the vineyard to improve working conditions.   

 In the third set of vineyards, the best area is located in the middle of a steep 

sloping mountain facing the morning sun and the ocean.  This vineyard experiences full 

sun and the highest temperatures.  It has shallow soil with many rocks and large boulders 

protruding from the soil.  The soil is sandy and there is lots of wind from the ocean that 

helps to keep the vineyard dry.  On the slope, from 30m to 100 meters elevation, the 

quality remains fairly consistent, but at 130 meters elevation the lower quality area in 

these vineyards is located on top of the mountain ridge.  On top of the mountain, the 

winds are different and much colder because they come from inland.  The moderating 

wind from the ocean does not reach this part of the vineyard.  It is much colder at the top 
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and experiences wider temperature variability.  The inconsistent temperature is bad for 

the vines and promotes diseases.  The top of the mountain frequently experiences fog and 

dew on the plants most mornings.  These create the worst conditions for disease, as 

reported by the Grower.   

 

4.4 Summary of Key Results 

 

The aim of this research is to gain a better understanding of the factors 

contributing to grape quality variation and to explore the microclimatological conditions 

of vineyards in Madeira, Portugal.  Vignerons in Madeira have shared their practical 

knowledge about vineyard conditions with this researcher for the purposes of this study.  

The results reveal which landscape factors are important determinants of grape quality in 

a range of vineyards in districts around the island of Madeira.  Also, how landscape 

characteristics affect grape quality is explained by local vignerons with examples from 

the vineyards they work in.   

 Findings demonstrate that the most influential microclimatological variables in 

their relationship to grape quality are humidity, temperature, temperature variability, and 

sunshine levels.  The specific level of each variable in the areas of higher quality will 

depend on the particular grape vine variety and the style of wine being produced.  Each 

district in Madeira has its own particular mesoclimate, and within it there are a wide 

variety of microclimates.  The most common microclimates within a district lead to 

common varieties and styles being more popular because of their particular suitability to 

the common district conditions.  The most popular wine styles and varieties planted 
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within a district do not need to be the only that are produced there, because unique 

landscape characteristics create a wide variety of microclimates that can favor a wide 

range of different styles and varieties.   

 Depending on the grape variety and wine style, the areas that produce the best 

quality grapes will need to have specific microclimates.  On the other hand, there are 

similar landscape characteristics that are valued similarly in all the vineyards.  Most 

importantly, certain environmental conditions should always be avoided and others 

should be desired.  Following the patterns emerging from this data, the following 

discussion will clarify which microclimates and landscape characteristics should be 

avoided or desired.  
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5.0 Discussion 

"So life’s year begins and closes;  

Days though shortening still can shine; 

What though youth gave love and roses; 

Age still leaves us friends and wine."  

Thomas Moore 

 

5.1 Overview 

 

A pattern has emerged from the interview data of the effects environmental 

characteristics have on grape quality.  Madeira can be said to have a marginal climate 

because it is located on the warm margin of viticulture.  The sub-tropical maritime 

climate of Madeira makes the consideration of vineyard microclimates more pertinent, 

because only minor variations in temperature can have a substantial influence on grape 

quality.  Vineyards in Madeira need to be located in the right microclimates to produce 

high quality grapes.  This chapter will evaluate the factors that affect grape quality in the 

study vineyards.  Theory will be used to support and explain variations in grape quality 

based on the specific conditions of each vineyard.  The interviewee responses will be 

used as examples to discuss particular microclimate and soil conditions.   

 

Vineyard Variability  

Despite careful and deliberate management practices, changing landscape 

characteristics will cause grape quality to vary within, and between vineyards.  Some of 

the study vineyards do not experience substantial levels of grape quality variation, but 

these tended to be smaller in size and have consistent landscape characteristics.  On 

vineyards that produced fairly consistent grape quality, there was evidence of minor 
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variability in grape quality between more the exposed vines in the first row and more 

protected interior vines.  For example, another Grower thought their vineyard produced 

all the same quality grapes later reported that the vine row in front of a stone wall 

increased the quality of those grapes, but that less air circulation produced more humidity 

related problems for those vines.   

The vineyards that experience quality variation report both substantial and minor 

difference in grape quality.  A number of factors are involved that create different 

microclimate, soil, subsoil, and/or water relations affecting grape quality.  On individual 

vineyards, it is the vigneron’s task to mitigate, as much as possible, any negative site 

conditions to attain the highest grape quality based vineyard’s site conditions.    

 

5.2 Climate Characteristics 

 

Madeira’s Climate 

Madeira has a temperate maritime climate.  There is a long-held view that grape 

quality in warm maritime climates is not as good as continental climates, but there is little 

theoretical evidence to back up this claim.  Warm maritime climates are capable of 

producing high quality wine more consistently.  Furthermore, Agent 1 stated that Madeira 

does not have the ideal climate for producing wine because it is not hot enough and not 

cold enough, but that it is possible to work with the climate and improve viticultural 

production in the region.   

The climate of Madeira and the Madeira Wine Institute determines what grape 

varieties are grown in Madeira.  Five centuries of grape vine cultivation and variety trial 
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and error are the main indicators of which grape varieties produce high quality grapes in 

Madeira.  There is evidence from the interviews that suggests different wine varieties and 

styles can be produced in unique microclimates within a district traditionally not 

recommended.  This offers an opportunity to expand current production of particular 

grape varieties and styles into areas where they have not traditionally been grown.   

 

Continentality and Madeira’s Maritime Climate  

Maritime climates are characterized by moderate temperatures.  Funchal, in 

Madeira, has one of the lowest, if not the lowest ranks for continentality out of all 

viticultural areas in the world (Gladstones, 1992).  The beneficial and detrimental aspects 

of maritime viticulture are evident in Madeira, and local vineyards demonstrate patterns 

of development related to this fact.   

First, mild temperatures in the winter result in a lack of winter dormancy of vines 

in Madeira.  Microclimates that will promote higher temperatures in the summer and at 

the same time experience colder temperatures in the winter will help to offset the 

problems associated with a lack of continentality.  For example, vineyards with many 

stones in the soil, or below cliffs facing the sun can be warmer in the summer from added 

solar reflection; warming of the soil will maintain higher temperatures through the night.  

In the winter, cloudy and rainy weather will reduce the effects of the sun, and this area 

can get as cool as the district climate.    

Finding colder microclimates in the winter, while retaining high summer 

temperatures, is difficult.  It is possible for vineyards to have colder temperatures when 

they are located where there is much less solar exposure in the winter than the summer.  
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The low sun altitude in the winter will prevent the sun from reaching, and warming 

vineyards with northern orientations.  In the summer, when the sun reaches higher 

altitudes, vineyards with the right northern aspect will have the sun they require.  These 

areas may not gain as much heat and sunshine hours as south facing vineyards, so the 

grape varieties and wine styles should very accordingly.  This is the pattern observed on 

the vineyards in Madeira, where fortified wine grape varieties are more common in the 

south, where they generally achieve higher sugar levels.  Table wine grapes are more 

common on the northern part of the island where they have reduced solar exposure and 

heating.  Analyzing shade patterns in the winter and summer can help to depict areas that 

have more shade, and will be cooler in the winter, while experiencing much more 

sunshine in the summer when the sun raises in altitude.   

A problem associated with a lack of winter dormancy is very early and erratic 

budburst.  Again, ensuring vineyards experience cooler winter temperatures will help to 

reduce this problem.  Also, vineyards that will warm more rapidly in the spring because 

of soil and landscape characteristics can help to mitigate erratic budburst. The problem of 

prolonged cool, wet and windy weather into late spring is lessened by one Grower by 

postponing spring pruning to delay the resumption of vine growth for when the weather 

becomes more favorable.   

When vines flower, cool, cloudy, or rainy weather can often cause poor berry set, 

and the only way to offset this type of weather is to locate vineyards on well-draining soil 

with many rocks in and on top of it, located on or at the bottom of cliffs or slopes (outside 

lowlands and valleys), with good solar access, and enough warm air circulation to dry 

soils as fast as possible.  The area can warm up quickly and stay warm longer when these 
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conditions occur.  These site features will also help ensure that temperatures are high 

enough in the late spring and early summer to ensure the differentiation of fruitful budset 

for the following season.  Also, these features will ensure that late summer temperatures 

are high enough to discourage the prolongation of active, stemmy growth through the 

fruiting and ripening periods.   

Continental climates have another advantage over maritime climates.  According 

to Gladstones, there is a continental advantage of relatively high mid-summer 

temperatures in reducing berry size and concentrating sugar and flavor.  Controlling soil 

moisture levels can achieve the same results, and all interviewees thought dry soils, 

especially during ripening, are important in areas that produce high quality wine grapes.  

The negative aspects of Madeira’s maritime climate can be overcome by selecting 

vineyard sites that expose vines to extreme temperatures, while avoiding higher levels 

temperature variability and strong winds.      

 

5.3 Microclimate Characteristics 

 

Temperature 

 High temperatures are valued by all the vignerons interviewed.  Microclimates 

that promote higher temperatures are in all cases important.  Cold temperatures are only 

valued by interviewees during the winter, to ensure full winter dormancy.  Although, high 

temperatures are valued, each particular grape variety performs best in areas with overall 

climatic conditions that meet the specific vine’s cultural requirements and the style of 

wines they are intended to produce.   
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Even when a vine variety and/or wine style favors higher altitudes and cooler 

average mean temperatures, the best areas of the vineyards tend still to have the highest 

temperatures within the vineyard.  High temperatures must correlate with the proper 

amount of sunshine hours for particular wine styles being produced and temperature 

variability must remain low.   

The evaluation of temperature relations demonstrates that when the particular 

microclimatological requirements of the grape varieties and their particular wine styles 

are understood, these vines can be grown in districts where they are not recommended or 

popular.  Furthermore, existing vineyards with lower grape quality areas can possibly be 

replanted with grape vines that perform better in those particular microclimates.   

 

Temperature Variability 

Low temperature variability is beneficial for grape quality.  Aside from the 

temperature regulating effects of the ocean on all the vineyards in Madeira, certain 

landscape characteristics will further regulate temperatures, while others will cause 

substantial variations.  Cliffs, rocky soils and rocks on top of the soil, all help to reduce 

temperature variability by absorbing heat during the day and re-radiating it back to the 

vines at night, thereby reducing actual temperature variation of the surrounding air.  

Vineyards that experience more winds from the ocean will have less temperature 

variation than where inland winds are predominant.  At the bottom of valleys and 

lowlands there will tend to be greater shifts in temperature.  Cold air draining into these 

areas will lower temperatures substantially and lead to lower quality and greater 

variability.   
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Sun-Shine Hours  

The amount of sunshine grape vines receive directly affects vineyard 

temperatures, and has its own secondary effects on grape quality through photosynthesis.  

Interviewees believe the amount of sun that vines receive is a primary factor in 

determining grape quality.  Almost all of them think that more sun is good for their vines, 

and most hint that increased temperature is one of the reasons why.  One interviewee said 

that more sun is good only when soil is deep enough to maintain deep soil moisture so 

that the vines will not require frequent watering.  Another point often made by the 

interviewees is that the first row of vines in the vineyard is more exposed to more sun and 

that this increases grape quality.  Increased shade is related to higher and unwanted vine 

vigor with lower berry yield and quality.  Only one interviewee did not think full sun was 

necessary for high quality wine.  In this vineyard, the sun shines from morning until 4pm, 

and the lack of evening sun is not seen as a problem, probably, because this Grower has 

table wine vines planted in a warmer district of the island, and full sun could potentially 

raise the temperatures too high for these varieties.  Table wine grapes require less sun 

than grapes for fortified wines, and this district of the island grows the largest quantity of 

grapes for Madeira Wine.  Less sunshine in this Grower’s vineyard surely benefits by its 

cooler temperature and less amount of sun it receives than the prevailing mesoclimate of 

the district.  This vineyard receive enough sun to warm to the temperature levels that are 

suitable for high quality table wine in a district that prevails in the production of Madeira 

wine grapes.   

One interviewee thought it was exceedingly important that his vineyards faced 

east in direction of the morning sun, because they receive double sunshine from reflection 
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off the water.   This interviewee thinks extra light from reflection is the most important in 

the morning.  This is true according to theory, because light refraction off the water from 

the sun has the highest albedo at lower altitudes.  Western facing vineyards in this district 

do not produce as high quality, because they are not exposed to what he calls double 

sunshine and double heat of the reflected solar radiation off the ocean.  On the north 

facing slopes, harvest can begin two weeks later because they are cooler and wetter.  

Quality tended to be higher with increased sunshine from reflection, without the total 

number of sunshine hours increasing. 

Sunshine levels and the quality of light are important microclimatic 

considerations for vineyards.  The number of sunshine hours that is best for grape quality 

depends on the style of wine being produced.  The quality of light received within those 

hours is important and more light within the optimal sunshine hour range will increase 

grape quality.   

 

Rain 

Rainfall amounts can only be controlled through vineyard site selection.  Rain or 

irrigation is needed at the appropriate times to provide adequate soil moisture.  At the 

time of véraison, in early spring, vines can tolerate moisture stress and reducing soil 

moistures levels to a minimum is best for grape quality.  Rainfall during ripening can 

result in berry splitting and bunch rot.  Some districts of Madeira do not require any 

supplemental watering to maintain adequate soil moisture levels, but others do not 

experience enough rain and must use irrigation or water vines by hand.   
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There are many problems associated with rain, and vineyards that do not receive 

enough rain are preferred because soil moisture levels can be controlled by the vigneron 

instead of the weather.  Heavy rains in the spring can cause problems in both setting and 

bud differentiation by direct interference with pollination and/or through a lack of 

sunshine and photosynthesis.  Water logging from excess winter or early spring rainfall is 

also a major problem for grape quality when it persists to budburst and the resumption of 

root growth.  Again site selection based on climate patterns and soil conditions will be the 

primary means of reducing the problem of water logging.  Areas that have high rates of 

rain in the winter should not always be avoided for fears of water logging.  Adequate 

rainfall during the winter is important to replenish underground.  Problems with 

excessive rainfall can be mitigated, to a certain extent by good soil porosity and drainage 

and management practices that will increase water evaporation. 

It cannot be expected that any environment will regularly provide the perfect 

rainfall regime, and the interview data strongly suggests that Gladstones is correct when 

he wrote that “the best combination appears to be that of a largely rain-free (but non-

stressful) ripening period, together with a capacity to for controlled supplementary 

watering as needed” (1992, 28).  Supplementary irrigation can help ensure the best soil 

moisture levels are provided for the vines. Jackson (2008) recommends the use of 

irrigation in vineyards too, when possible, to prevent the damage caused by naturally 

occurring water shortages. 
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Humidity 

Coastal vineyards offer the perfect combination of humidity levels at the best 

times.  During the day, warm humid air comes inland from the ocean.  At night, cool dry 

air drifts from inland locations to the ocean.  This pattern of coastal air movement creates 

the ideal humidity conditions for vineyards.  When vines are hot during the day, high 

humidity air from the ocean will protect the vines from moisture loss.  During the night, 

lower relative humidity levels will reduce the dew point and dissuade diseases.   

 Most of Madeira’s vineyards are located on the coast.  Vineyards in Madeira are 

characterized by high levels of humidity which can provide the optimal humidity levels 

for high grape quality, but can also lead to problems associated with fungal disease and 

the need for fungicide use.  The Wine Institute of Madeira regulates which vine varieties 

can be planted, so this system of Appellation control makes it impractical for planting 

new and more resistant varieties.  One interviewee noted that some varieties are more 

prone to fungal disease.  Malvasia, for example, has large tight bunches that makes the 

berries more prone to fungal disease because of a lack of ventilation between berries.  

This interviewee has another vineyard planed with Bastardo, and bunches are not as tight 

and therefore not as prone to fungal disease.  Another problem another interviewee has is 

that morning dew forms on the plants, and rapidly increasing temperatures lead to the 

perfect conditions for disease.   

One way to decrease high humidity would be to design vineyards in line with 

Jackson’s recommendations to position vine rows at 90° to the prevailing winds to 

enhance wind turbulence and increase the drying of plant surfaces (Jackson, 2008).  

Positioning vineyards towards the sun enhances solar radiation further and speeds the 
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drying by the wind (Jackson, 2008).  Generally, the severity of losses in high humidity 

areas means that these areas need to be avoided and controlling diseases will likely only 

be possible with the use of fungicides.   

Humidity problems tended to become more prevalent inland, but coastal 

vineyards experience these problems too.  The pattern of humidity problems in the 

vineyards and interviewee responses were related to poor solar orientation, proximity to 

forests and banana crops, areas that have higher soil moisture, walls, and low-lying areas.  

There was also an emphasis on areas that were sheltered from the wind and sun as being 

too humid, and there was higher humidity level associated with the proximity to a river.    

 

5.4 Landscape Characteristics 

 

Elevation   

Temperatures decrease as we get farther away from sea level.  The use of 

elevation is important in Madeiran viticulture because at different elevations it is possible 

to grow different varieties of grapes and produce different wine styles.  For example, sea 

level is the best for Malvasia, whereas Sercial grows best at altitudes over 600 meters.  

Altitude can affectively change the mesoclimate conditions and determine which grapes 

are best grown at different altitudes on the island.  At higher elevations fog becomes a 

bigger problem.  Reduced temperatures at higher elevations, combined with a high RH of 

the air make fog a common and serious problem for vineyards at higher altitudes.   
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Fog and Dew 

Dew forming on the grape vines and berries, followed by rapidly increasing 

temperature is the perfect conditions for disease in vineyards, according to an 

interviewee.  Dew is also an indication of a site having high level of temperature 

variability.  Because it relies on the ground cooling, stony ground and features like cliffs 

can help mitigate dew from forming.  There was only one site where dew factored in as a 

major problem.  Sites that experience dew can indicate lower grape quality and higher 

rates of disease.  This site is located at the top of a hill and has a high level of windiness 

and temperature variability.  Another part of the vineyard located close by, but the hill 

slope, did not experience dew and the grape quality is always much higher.  Being 

located at the top of a hill, experiencing high rates of dew and windiness, this site in 

particular is not the best location to produce high grape quality, and this is reinforced by 

the interviewee stating that the quality is not the best there.  Dew can be used as a 

negative indicator of the potential of a site for high quality wine grape production and 

they should be avoided.  

 

Figure 2. Fog in a vineyard at 600-700m elevation. 
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Slope and Solar Orientation 

Although, slope in the vineyard can increase labour activities, these can be offset 

by the beneficial influences of a sloped site.  The main benefit of sloping vineyards, 

noted by Jackson, are that slopes increase solar access by reducing the angle of incidence 

at which solar radiation impacts the vineyard and thereby increasing solar access.  This is 

of particular significance for sloped vineyards with a sun-facing orientation.   

On sun-facing slopes the increased solar access is beneficial for several reasons.  

More sunlight is good for grape quality directly and indirectly.  First, increased sunshine 

is good for grape quality by increasing temperatures and sunlight.  Second, solar access to 

a greater part of the vines and berries has beneficial qualities.  Third, soils dry faster 

because of improved drainage, higher windiness, and increased temperatures.  Another 

point about sloped vineyards is that when they are in proximity to the ocean, slopes will 

expose the vines to the reflected sunlight from the water.  The very best areas will 

directly face the sun during at least some part of the day, and part-easterly aspects are 

common (Gladsones, 1992). 

 

 

Figure 3. Highly sloping vineyard 
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Slope and Air Movement 

The impacts of slope also extend to issues of differences between temperature and 

moisture levels as a result of cold air drainage.  Madeira Island is composed primarily of 

mountainous terrain, so the effect of patterns of cold air drainage is a common factor 

affecting vineyards.  This means that areas receiving the same amount of solar heating 

can have substantially different microclimates and produce different grape quality.   

Valleys and low-lying areas will be cooled at night by dense cold air and fog, and 

take longer to warm up during the day.  Through data collection, this researcher found a 

strong correlation between low lying areas and lower grape quality, on many occasions.  

The interviewees provided other reasons for lower grape quality, but none, I think, have 

personally witnessed cold air drainage during the night.  The reasons interviewees 

provided were many, but they all related to lower temperatures, less sun, and more 

humidity.  These conditions will certainly be caused by cold air drainage and lower 

quality in these areas can, at least, be explained as a combination of the grower’s 

reasoning and the theoretical explanation related to cold air drainage patterns.  The areas 

that are exposed to cold air drainage will experience lower temperatures during the day 

and at night.  They will also have higher temperature variability, which has been shown 

to lower wine grape quality potential. 

On the other hand, vineyards that are outside of cold air drainage areas will 

experience less temperature variability and generally higher temperatures, less humidity 

and fog.  Gladstones (1992) tells us that the very best vineyards are can be found on 

slopes of projecting or isolating hills and are situated above the fog level.   
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These areas have excellent air drainage characteristics and usually reduced diurnal range 

and, especially, higher evening, night and early morning temperatures.   

This study has many examples exhibiting these patterns.  One of the study 

vineyards extends into a valley bottom and quality increases incrementally as vines get 

farther uphill.  Grape quality is the  

highest furthest away from the valley bottom.  Similarly, Grower 1 experiences lower 

quality near the valley bottom where there is a small stream.  He explained this  

lower quality as a consequence of colder air in this area from the river, but this is where 

cold air will drain and will therefore be colder at night and take longer to heat up during 

the day. 

 Locating vineyards in the middle of a slope is ideal because it will provide the 

benefits of heating, and avoid the negative effects of cold air drainage (Sommers, 2008).  

The lower slopes of hills and valley sides tend to be the warmest sites locally available, 

with lower temperature variability and soil physical characteristics that improve above-

ground microclimates (Gladstones, 1992).   

 

Figure 4. Grower 9’s vineyard extending into a valley. 

bottom 
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Top Wind Exposure 

 Wind chills are higher at the top of a hill than they are on the slopes and at the 

bottom.  The top of the hill is the most exposed to wind, which will have a chilling effect 

and there is a greater potential for evaporation.  The drying effects of the wind can affect 

vines and their ability to bear fruit (Sommers, 2008).   

 The top of hills are regularly associated with lower grape quality for more reasons 

what was found in the literature.  One Grower explained a major problem experienced on 

a vineyard at the top of a hill results from greater temperature variability.  Temperature 

variability directly and indirectly affects grape quality in a negative way.  The colder 

temperatures experienced at the top of a hill foster the formation of fog and dew.  When 

these conditions are combined with rapidly increasing temperatures they produce the best 

combination to cause fungal diseases.  Cooler temperatures, wind chills, temperature 

variability, fog and dew combined with rapidly increasing temperatures in the morning 

are all unfavorable conditions for growing wine grape vines.  For these reasons, the top of 

a hill is not the ideal location for vineyards and not regularly associated with high quality 

wine grapes for any wine style.  

 

Cliffs 

 Planting vineyards on and near the bottom of cliffs provides an opportunity to 

take advantage of unique microclimates that positively affect grape quality.  Where there 

is morning sun exposure, the rock cliff will be warmed substantially and will reradiate 

this heat to the vineyard when temperatures decrease, avoiding high levels of temperature 

variability.   
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Cliffs with a favorable sun orientation are seen by the interviewees to protect 

vines and keep them warm, influencing higher grape quality.  These areas will still 

experience cold conditions during the winter when cloudy conditions will not warm these 

areas as they have during the summer when they need heat instead, but are not 

susceptible to cold air drainage and high levels of temperature variability.    

 At the bottom of cliffs, the soils tend to be ideal for vines.  They tend to have lots 

of rocks in and on top of the soil, which leads to better microclimates and beneficial soil 

characteristics.  Nutrient leaching can be a problem in these vineyards, but the high plant 

material content that is mixed in with the soil from falling with rocks over the years will 

slowly release nitrogen in moderate quantities. 

 

 

On the other hand, cliffs with low levels of solar access, will keep the area in front 

of them much cooler and moist, creating unfavorable conditions for vines.   There will 

tend to be higher levels of soil moisture because cooler temperatures, and possibly 

protection from winds, will not promote evaporation and vineyard drying.   

Figure 5. Vineyard below a cliff. 

 

Figure 6. Mixed debris fallen from a cliff. 
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They will also be more negatively affected by a maritime climate, as they will take longer 

to warm in the spring and there will be a prolongation of moist soils.   

Cliffs can be a substantial benefit to grape quality and produce unique 

microclimates within a region, offering an opportunity for different variety plantings and 

wine styles.  They can also be an area of higher quality for the varieties and styles 

normally planted in a region because of the favorable microclimates they produce.  Cliffs 

with poor solar access should be avoided as they influence unfavorable microclimate and 

soil moisture levels, and higher humidity, when they the protect vines from drying winds.    

 

Valleys and low lands 

 Cold dense air drains into lowlands and the bottom of valleys during the night.  

This increases temperature variability and will influence cooler daytime temperatures.  

These areas are prone to soil moisture problems because of poor drainage, lower 

temperatures, and less drying from the wind during the day.  Rich soils, high soil 

moisture, possibly more shade, high temperature variability, and cold air drainage 

patterns make low lands and valley bottoms less suitable for grapes and all wine styles.   

 

Proximity to the Ocean 

 Coastal areas have many microclimatological advantages for viticulture.  A 

primary advantage is that of reflected solar radiation.  Sunward facing slopes in front of 

water bodies can receive more than 50% of the solar radiation from reflection during 

certain times of the day.  
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When the elevation of the sun is low (<10°),, this will be the time of highest reflection.  

At high solar elevations the amount of solar radiation reflected will be around 7-8%, 

because of the ocean’s rough surface.   

 Increased solar radiation will have a substantial impact on grape quality, 

especially in the early spring and late fall.  

Vineyards in warm climates, like Madeira, can benefit from lower levels of solar 

exposure, especially table wine grape vines.  A sloping eastern oriented vineyard facing 

the ocean can provide an ideal microclimate for table wine grape vines in Madeira.  

Vineyards in the north of Madeira, were said to benefit tremendously from “double sun 

and double heat” reflected off the ocean.  A grower explains that vineyards in this same 

district that face the west have a much lower grape quality.  The morning sun is the key 

ingredient in this interviewee’s explanation of why eastern vineyards perform much 

better in this district.  The unique microclimatological conditions of eastern oriented 

vineyards facing the ocean on the northern coast of Madeira can be the reason why a 

grower claims this district has traditionally been known to produce the best table wines in 

Madeira.   

 

Figure 7. Sloping vineyard facing the ocean. 
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Rivers 

 It can be both detrimental and beneficial to be located near rivers.  The important 

thing to identify the potential of lands next to a river for high grape quality is whether or 

not the vineyard is located within the fog zone, because rivers tend to have the same 

landscape characteristics as valleys and therefore conduct dense cold air.  Otherwise, 

rivers can help to moderate temperatures and indicate that there is underground water 

which, when deep enough, will help supply the vines with a steady and moderate level of 

moisture throughout the year.  Rivers can also draw in warmer air from the ocean with a 

high RH level at the times that are most beneficial for the vines.  To prevent temperature 

variability, orientation towards the morning sun, rocky soils, stones on top of the soil, 

cliffs are landscape characteristics that can help in riverside locations.  It is also important 

to have favorable winds, to reduce humidity and fog, and be located above the fog zone.   

Rivers can be beneficial in vineyards when their negative effects are avoided.  They help 

to draw in warm air with a high RH during the day and, if located above the fog zone, 

cool humid air will drain away during the night. 

 

Forests 

 Other vegetation growing next to or within vineyards seems to come with more 

risks than opportunities to improve grape quality.  If wind can help to shelter vines from 

cold winds while still permitting adequate air circulation then they can benefit vines by 

reducing the problems associated with higher temperature variability and damage from 

strong winds.  Forests located on the inland side of vineyards do not seem to cause 

problems, and can block cool winds from the mountains.  On the other hand, forests 
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located to the east, west, and especially south can create more problems with more 

humidity, cooler temperatures, shade, and a lack of wind.  In continental climates, forests 

may be of higher value to vineyards because of higher humidity levels and possibly less 

cold wind.   

Where forests currently exist there can be the benefit of being able to predict 

subsoil characteristics based on the tree species.  If they are deep rooting this will indicate 

the area’s subsoil characteristics as penetrable and permit deep rooting to assume that 

vines will steady deep water reserves.  Currently forested lands will likely have favorable 

subsoil conditions.   

 

5.5 Other Factors Affecting Grape Quality 

 

Management Factors 

The vigneron is an important factor in the final grape quality by managing soil 

moisture levels with the use of irrigation, cultivating the soil and improving arability, 

applying fertilizers, amendments and pesticides, pruning and controlling vine vigor, 

trellising and vine spacing, putting up wind blocks where necessary, choosing the vine 

variety and rootstock, creating and maintaining desired site conditions and, most 

importantly, choosing the vineyard location and site layout.  There is a lot of work for the 

vigneron to produce the best quality grapes that their land is capable of and, in the words 

of one interviewee, “lots of love helps”.   
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Wind in the Vineyard 

Wind conditions in the vineyard can have a significant impact on grape quality for 

a number of reasons.  The negative effects related to wind conditions mainly include the 

damage that can be done to young spring growth and buds.  Strong winds can also knock 

stronger growth off the trellis.  Strong winds on the coast can also bring with them salt 

content and this can indirectly reduce vine quality through reduced photosynthesis of the 

leaves and raising the vine’s susceptibility to diseases.   

The primary means of mitigating strong winds in the vineyard is through design 

and management.  Wind fences can help to reduce strong winds, but in extreme situations 

the wind can damage these fences and repairs can become costly.  Furthermore, wind 

fences can reduce the amount of sunlight and contribute to vineyard variability and 

reduced quality in the vines that are shaded.  Landscape characteristics can potentially be 

arranged to create protected areas for the vines by redirecting the wind.  This method is 

not only costly; windy sites can be complex for this method to always be the appropriate 

option.  Protected areas can cause humidity problems in vineyards too.  Postponing 

spring pruning to delay vine growth can also be helpful to reduce new vine growth 

exposure to the unfavorable weather conditions of early spring and promote hardier 

shoots, leaves and buds.   

The negative aspects of wind are mainly associated with strong winds.  Most of 

the interviewees feel that wind is a positive factor in their vineyards.  Wind is important 

to maintain air circulation that keeps the vines dry, reduce humidity levels, and help to 

dry the soil.  Keeping the vines dry and reducing humidity will deter diseases from 

harming the whole grape vines and bunches.   
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Constant wind in the vineyard is helpful in moving leaves back and forth, which 

allows sunshine to penetrate the upper vine canopy and reach lower leaves and bunches.  

Exposing berries to more sun is beneficial as long as it is not enough to injure them, and 

the back and forth motion of the leaves in sites with good air circulation will ensure the 

bunches will not have direct full sun exposure.  The lower leaves will be able to develop 

more sugar to the vine and grapes through increased levels of photosynthesis.   

Further study into methods to predict wind patterns and identify areas 

experiencing damaging winds can reveal means of identifying strong wind patterns and 

including them in viticultural suitability maps to give a better representation of the wind 

suitability of potential viticultural lands.   

 

Terraces  

Slopes of 50° are said to offer the greatest solar exposure, but 30° slope is the 

recommended upper limit for manual work without the use of terraces.  Madeira has a 

tradition of using terraces to build up steep slopes for agricultural purposes.   

 

 

 

 

 

 

 

 

Figure 8. Terraces with several meters soil depth. 
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This has been a traditional means for increasing agricultural lands and is very 

common because of the mountainous character of Madeira’s landscapes.  Vineyards built 

on terraces require high walls to hold great depths of soil.  Terraces that are built on the 

side of cliffs usually lack penetrable subsoil, so the rooting depth will only be as high as 

the walls.  It is important to have high walls and deep soil to avoid the problem of soil 

alternating readily between the conditions of drought and waterlogging. 

 

Walls 

Walls are usually built out of functional necessity in vineyards.  Walls can be 

beneficial to grape quality, because they absorb and reradiate heat to the vines; reducing 

temperature variation, and raising afternoon and nighttime temperatures.  Walls can also 

protect vines from strong winds.  There are problems that arise from walls in the 

vineyard.  They will often block the drying effects of the wind, which leads to higher soil 

moisture and humidity levels.  The study vineyards reported more problems with fungal 

diseases near wall.  .  High humidity and high temperatures increases the risk of fungal 

disease.   Moist soils near the wall can take much longer to warm.   High afternoon 

temperatures near the stones and cool soil temperatures will be conducive to greater 

temperature variability.  Walls can improve wine grape quality if their heating benefits 

are utilized, without increasing soil moisture and humidity levels. 

 

Secondary crops 

 Planting secondary crops within vineyard rows is a common occurrence in 

Madeira.  Secondary crops will have higher water requirements than the vines, so grape 
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quality will need to be sacrificed to ensure the other crops have adequate soil moisture.  

Plants that are larger than the vines will shade them and create more humidity and 

possibly prevent adequate air circulation.  Some crops are known to affect the chemical 

composition of soil, like adding nitrogen, which can have negative side effects on grape 

quality.  Some of the vineyards only plant secondary crops within the vines during the 

winter, when vines are dormant.  A couple of the interviewees think growing potatoes 

during the winter improves the soil and has no negative consequences on grape quality.  

Another interviewee disagrees, and thinks they should not be planted, even in the winter, 

because they have a negative effect on grape quality.  Scientific research into the effects 

of specific crops planted under and within vines can help expose the truth about these 

practices, and can potentially recommend crops that do not harm, or even improve, grape 

quality. 

 

Vine Trellising Systems 

 Of all the great wines in the world, Madeira Wine is the only one pressed from 

grapes that are grown high above the ground (Allen, 1963).  The latada system offers a 

means of growing grapes in areas where no crops can be planted in the ground.  Vines are 

trained on wires climb rocks and scale cliffs.  In places were nothing else productive can 

be done with the land, grape vines can produce high value crops.  The grape quality 

produced in a latada system is said to be lower in quality but yields, compared to vines in 

espalier on steep slopes, can be substantially higher.  Increased shade, less air circulation, 

and more difficult working conditions are detrimental aspects of the latada system.   
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5.6 Soil Characteristics 

 

Soil 

In the section on rain, the effects of soil moisture levels on grape vines and grape 

flavor are discussed.  According to Gladstones (1992), it is important to always have a 

steady moderate availability of moisture for the production of high quality grapes. 

Shallow soils and limited potential rooting depth can be a problem in the vineyard 

because only average fluctuations in rainfall can lead to soil alternating readily from 

waterlogged to drought.  On the other hand, soils that allow deep and more dispersed 

rooting will defend vines from a fluctuating water supply.  Clay can be good if it is well 

draining, but the interviewees all showed a preference for sandy and gravely soils.    

All of the interviewees used supplemental watering as a means of ensuring that 

soil moisture levels do not get too low.  Gladstones says that irrigation avoids “the 

problems of both too little and too much soil moisture during the growing season, results 

Figure 9. Vines trained in the latada system of trellising. 
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in a wider tolerance of soil physical properties” (1992, 34).  But, it is not possible to do 

anything about excess moisture except the initial choice of site selection to have soil with 

good drainage.   

 

Soil Temperature 

The temperature of soil affects grape quality through its relations with vines and 

their roots, below and above ground.  The temperature of soil is strongly related to soil 

moisture content, because wet soils warm up more slowly than dry soils (Reynolds, 

2010).  It takes at least twice the amount of heating to warm wet soils compared to dry 

ones (Jackson, 2008).  Air temperature within and around the vine canopy is influenced 

by he the soil type.  Different types of soils will vary in their ability to hold or drain 

water, which affects temperatures.  The type of soil will also determine the soil’s thermal 

conductivity and soil albedo.   

Fine textured soils have good thermal conductivity and will have higher morning 

temperatures than other soils, because of a good thermal conductivity.  By the afternoon, 

air temperature will be higher above a stony soil, because this soil type warms quicker 

during the day.  During the day, stony soils will induce higher air temperatures because 

of a higher albedo; hence, more reflected radiation to the grapes and vines.  Higher 

temperatures during the night can be explained by infrared radiation being released 

slowly as the surrounding air cools (Reynolds, 2010).  The benefits of stony soils are the 

“direct microclimatic warming of the lower vine canopy and bunches by the soil, 

prolonged root activity and cytokinin supply to the bunches, and prolonged leaf retention 

and photosynthesis for the same reason” (Gladstones, 1992, 15). 
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Soil Colour 

The proportion of sunlight reflected on the soil depends on its texture and colour.  

Light coloured soils reflect more sunlight than dark coloured soils.  Soil surface colour 

modifies microclimate in the bunch zone by two mechanisms: temperature and spectral 

composition of reflected radiation.  A white soil reflects more sunlight and induces a 

higher amount of skin phenolics in red grapes compared to a black soil (Reynolds, 2010).   

Dark coloured soils absorb more heat and warm up more quickly during the day.  

 The colour of vineyard soils was mentioned by Grower 4 and Agent 1, as possibly 

having an effect on the vines where the best grapes grow.  The higher grape quality on 

their vineyard came from an area where soils were red and happened to be lower where 

the soil colour was lighter and yellow.  So specific conclusions could be drawn as to the 

actual effects of soil colour in that vineyard, but the observation there validates the 

theory.   

 

 

Figure 10. Example of red coloured soil  

 

Figure 11. Example of light coloured soil. 
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The best soil surface conditions for vineyards seem to be a light to reddish-

coloured rocky soil.  This type of soil will increase the direct reflection of useful light 

wavelengths back into the vine canopy (Gladstones, 1992).  These soils are preferred 

over lighter and darker soil colours.  Lighter coloured soils will reflect optimal amounts 

of light wave-lengths to the vines, but they will not absorb heat and re-radiate it when it is 

most needed.  Dark soils will absorb both heat and light, so they will benefit the vines 

with added heating, but will not improve the light quality to the vines during the day.   

 

Rocky Soils                                                                     

There are several mechanisms that seem possible for the value in viticulture 

placed on “soils that are dry, stony or pebbly soils than soils that are fat, strong and 

clayey” (Gladstones, 1992, 36).  Rocky soils will generally have low soil fertility, and 

this has an effect on canopy light relations and vine vegetativeness.   Low vine vigor will 

increase the amount of solar radiation reaching the berries and  

inner vine canopy, which is beneficial to grape quality.  Rocky soils will also benefit 

grape quality by reducing temperature variability and increase nighttime temperatures.  

Higher nighttime temperatures will promote enzyme processes involved in berry 

development (Gladstones, 1992).  During the day the benefits of rocky soils are more 

speculative.   More heat will be absorbed by these types of soils and transmitted to a 

greater depth.  The surface will not reach such high temperatures during the day, and the 

heat load of the vines and bunches during the day will be reduced (Gladstones, 1992).   

 Rocky soil has the potential to higher quality grapes through its influence on soil 

temperatures and the root environment.  On rocky soils, vines will have a “greater 
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capacity for root growth and feeding in both the deeper and near-surface layers, starting 

earlier in spring and continuing with less interruption through the season” (Gladstones, 

1992, 36).  Later in the season, vines will be more balanced and there should be greater 

cytokinin supply during ripening (Gladstones, 1992).   

 Above ground, rocky soil will mitigate the effects of low continentality, by 

accelerating soil warming in spring, resulting in earlier and more even budburst, earlier 

root growth, more rapid early top growth, and greater fruitfulness (Gladstones, 1992).  In 

the fall, soil temperatures will influence ripening.  Rocky soil will warm the lower vine 

canopy and bunches, and leaf retention and photosynthesis will be prolonged.   

 The relationship between soil texture and grape quality is complex and works 

together through many mechanisms.  Overall, rocky soils have shown to provide many 

benefits to grape quality and the traditional value placed on these soils is justifiable.   

 

 

 

 

Figure 12. Rocky soil in a vineyard. 
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5.7 Quality Indicators 

 

Plants and animals can be used to indicate the microclimate and soils suitability of 

lands for viticulture.  Native plants and animals can have a narrow range of habitat 

characteristics that may align with the same environmental conditions typical of the best 

areas where grapes grow.  For example, lizards were a common problem in vineyards, 

mostly in the areas producing higher quality grapes.  The lizards in Madeira do not like 

moist conditions, but they do like it hot.  They are seen popping out of stone walls 

everywhere because they are very dry places with holes to hide in and they will get very 

warm from sunshine.  Grape vines do favor these conditions too. 

 Only one variety of weed grew in an areas where the highest quality grapes were 

growing.  This weed is the only one that can survive in his area because it is drought 

tolerant.  Grapes vines can grow in these areas when supplemental watering ensures 

young vines do not perish.  When vines mature, their extensive rood system travels deep 

and far to find the steady supply of moisture that will ensure their tolerance to drought.   

 Using indicators to predict land suitability for viticulture can be difficult, because 

vineyard development can change environmental conditions of an area, and these 

indicator species may only be attracted to this area after development occurs.  

Nevertheless, it remains an interesting topic for future research, to study the relationship 

between plant and animal indicator species habitats and land suitability for vineyards.      
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5.8 Summary 

 

The weather account will record the general regional conditions, but landscape 

characteristics change the local weather in specific areas by creating microclimates. 

Landscape characteristics influence the microclimate by altering district mesoclimates, in 

relation to temperature, humidity, winds, and the amount of sun-shine hours. 

Microclimatological variations in weather create different conditions that can favor or be 

a disadvantage for the quality of grapes produced in that area.  Recognizing the pattern of 

microclimates in vineyards where higher quality grapes consistently grow is important to 

determine where new vineyards should be located.   

The climate of a region will dictate which grape varieties will be able to produce 

high quality grapes.  Microclimatological and soil conditions determine which areas 

within Madeira are suitable for viticulture.  Furthermore, the mesoclimate and 

microclimate will also determine which grape vine varieties and wine styles will be 

produced within the various districts of Madeira.  The southern side of Madeira is world 

renowned for producing high quality Madeira Wine.  Fortified wines are recommended, 

by Gladstones, to be grown in climates that have the highest temperatures and sunshine 

hours for viticultural production.  The north side of Madeira has a reputation for 

producing high quality table wines and has a cooler climate.  Visiting vineyards all across 

the island confirmed the wine districts, but also revealed that high quality wines, both 

fortified and table wines, can be grown successfully were particular microclimates exist.   
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6.0 Conclusion 

“Blues, dandies, and dowagers, and second-hand scribes. 

All flocking to moisten their exquisite throttles 

With a glass of Madeira at Lady Bluebottle’s”  

George Gordon Byron 

 

6.1 Overview 

 

This chapter includes a summary of the main research goals and the process of 

gathering information.  It will discuss the themes that have emerged from the data 

collected.  The implications of this study will be addressed and recommendations will be 

made.  The study limitations, risks and opportunities for future research are explained, 

and general conclusions will be made.   

 

Research Summary 

The aim of this study was to explore the relationship between the microclimate 

and other factors affecting grape quality.  Semi-structured interviews were conducted 

with local vignerons to gain familiarity with practical viticultural experience and to learn 

what the important considerations are concerning grape quality.  Site visits to vineyards 

all around the island of Madeira provided specific examples of where and why grape 

quality changes.  The interviewee responses, site inventory, and relevant literature 

provided a means of analyzing and discussing the factors responsible for grape quality 

variation.   
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Emerging themes 

A main theme emerged from the interview data and was confirmed by theoretical 

literature.  The climate is responsible for determining which grape vine varieties will 

grow in a region, and the mesoclimate will determine where particular varieties will 

generally produce higher quality grapes, but the microclimate, along with specific soil 

characteristics and management practices, will determine how high the quality of the 

grapes produced in a specific location will be.   

 Generally, grape vines will require particular microclimates to produce higher 

quality grapes.  The microclimates preferred will vary between the different grape 

varieties and wine styles, but generally good areas within a district will have some 

specific characteristics.  The amount of sunshine and the average mean temperatures 

required by specific grape varieties for particular wine styles will vary, but there are 

specific conditions that are beneficial, or detrimental, to all vineyards.  These positive 

factors valued in all vineyards are well draining soil, penetrable subsoil, landscape 

features that absorb and reflect solar radiation, wind circulation, high slope percentages, 

and moderate humidity.  The negative conditions to avoid in all vineyards are strong 

winds, poor draining soils, excess water, shallow and impenetrable subsoil, areas of cold 

air drainage, salt spray, and areas adjacent to forests.  These are general considerations to 

help with vineyard siting, and can be used to develop a theory to produce microclimate 

viticultural suitability maps.  Examples of specific landscape characteristics producing 

these conditions are explored in the results and discussion sections of this thesis.   
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Implications 

 This study has provided the background on the factors that affect grape quality in 

Madeira, Portugal.  Every region and district will have certain grape varieties that can 

produce high quality wines in particular microclimates, when soil and management 

practices are suitable.  Vineyard suitability indicators, such as the degree-day formula, 

have fallen short of predicting grape quality accurately because important environmental 

factors have been left out of that equation.  The findings and discussion of this research 

can be utilized to develop theories and a model to predict suitability at a finer-scale than 

currently existing viticultural maps.   

 The development of guidelines is not useful for predicting viticultural suitability.  

Grape quality is dependent on a relationship between a number of interrelated 

environmental factors, grape vine variety and desired wine styles.  The surest way to 

predict suitability for viticulture is to build a model for districts that will illustrate the 

microclimatological conditions.  When the microclimates of a district are known, 

sunshine hours and average mean temperatures can be calculated and aligned with grape 

varieties and wine styles favoring those conditions.  Next, the model can take into 

consideration soil composition, structure, and subsoil conditions to evaluate their 

suitability for viticulture.  This model can then depict all this information into maps that 

will illustrate viticultural suitability on a micro-scale and predict where particular vine 

varieties and wine styles are best suited.   

 Some landscape characteristics are too difficult to put into a mapping model 

without a physical inventory of the site.  Once land suitability is predicted by a model, a 

physical site inventory can collect more biophysical data and add these characteristics to 
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the model.  For instance, the presence of rocks on the surface of the ground is not 

included in typical soil maps, and will need to be observed first-hand and can be put into 

the model after to calculate the full potential of the site.   

 Landscape Architects are becoming increasingly involved in the layout and design 

of vineyard grounds, and there is potential, with the skills that landscape architects 

possess, to have a larger role in vineyard siting and development in the future.    

 

Grape Quality and Vineyard Microclimates 

 Particular grape varieties and wine styles will require different temperature and 

sun-shine hours, but the landscape characteristics that influence vineyards with the 

highest grape quality remain fairly consistent.  High quality grapes, regardless of the 

district climate where they are planted will be found where the microclimate and soil 

conditions have similar qualities.  In Madeira, landscape characteristics that reduce 

temperature variability, soil moisture, cold air drainage, strong winds, fog, dew, and 

humidity while increasing heating, solar reflection, air circulation and have access to 

steady, moderate moisture will produce the best quality grapes.  The ideal situation is to 

site vineyards where landscape characteristics create all of these recommended 

conditions, while planting particular vine varieties for wine styles in relatively consistent 

microclimate and soil conditions to reduce vineyard variability and to have a more 

congruent ripeness level at harvest.    

 Site selection remains the single most important decision in vineyard 

development.  Management practices cannot generally change the main landscape 

characteristics that affect grape quality.  Strong wind can be mitigated to some extent, but 
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this can even have negative impacts by increasing vineyard variability, as the wind is too 

powerful for manmade deterrents.  Irrigation can raise soil moisture when necessary, but 

there is no other way to prevent excess moisture in the soil besides choosing a site with 

adequate drainage in the first place.  Using espalier trellising, where possible, can help to 

improve air circulation, which increases drying of the plants and reduces humidity. 

Orienting vine rows perpendicular to the wind and removing basal where humidity is a 

problem.  Where there are strong winds, orienting the vine rows in line with the wing 

direction can reduce its damage to the vines.  Constructing wind fences can also help 

mitigate the effect of strong winds, to a degree, and their shadows can reduce solar 

exposure.         

 

Recommendations 

 To improve the grape quality at harvest, it is important for all the grapes to ripen 

at the same time.  Reducing vineyard variability is a primary means of improving overall 

grape quality in Madeira, because the small size of vineyards means all grapes have to be 

harvested at the same time.  Variability leads to some grapes being picked too ripe and 

some unripe, leading to lower overall quality of the grapes.  While landscape 

characteristics are hard to change, vineyards can improve their harvest by planting 

different varieties that are better adapted to different microclimates so the harvest will 

have more fully-ripe grapes at that time.  

To better understand the microclimates of where the best grapes grow, 

microclimate stations can be utilized to measure the long-term conditions marking the 

areas where the best grapes grow.  This data can then be used as a point of reference to 
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compare other potential sites and areas within existing vineyards, to determine which 

grape variety and wine style is most appropriate for that location.   This would 

substantially reduce replanting costs when trial-and-error methods are used.   

 

Risks 

Without physically measuring the microclimates of any of the study vineyards, 

there is a possibility that the implications of this study are not valid.  Validating the 

interview data with viticultural theory should validate this study’s findings, but without 

physical measurements these implications have not been validated through deductive 

testing.   

 

Limitations of This Study and Future Research 

 This research was limited by time and scope.  With more time and a wider scope, 

this study would have been able to utilize biophysical data in GIS to create maps that take 

into consideration landscape characteristics and illustrate land suitability for viticultural 

production.  Using microclimate stations to measure the microclimate of areas that 

produce high quality grapes of particular wine styles would provide a base point measure 

that could be used to evaluate the suitability of other locations.  If the microclimates of 

the areas that produce lower quality grapes ware also measured, these areas could be 

compared to the best areas and would further validate the findings.        

With more time, suitability maps could have been produced with biophysical data 

of Madeira and the findings of this study.  These maps would illustrate the level of 
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potential; comparing the maps with the areas where high quality was found during this 

study would demonstrate the strength and validity of this study’s findings.  

A better measure of grape quality would have been possible with more time.  This 

would include conducting vineyard microclimate measurements throughout the year and 

then measuring a variety of grape composition quality characteristics, including acid to 

sugar ratio, berry weight, flavor, aroma, full ripeness, and harvest date.  Quality versus 

yield kg/m² needs to be measured as an indication of vine balance.  The microclimate, 

soil structure and composition will need to be measured and management practices must 

remain fairly consistent.   Measuring grape quality empirically would ensure more 

consistency in what actually constitutes high quality wine grapes and provide a more 

accurate means of comparing the suitability of different vineyard sites.    

 

Research Experience 

 Looking back on the process of this thesis, the experience has taught me some 

difficulties related to using qualitative methods and conducting research in a foreign 

country.   Qualitative methods are valuable in research and can provide insights that are 

not available in the literature.  The difficulties of using qualitative methods should not 

dissuade the use of these methods, but ways should be found to avoid these 

complications.  Conducting research in a foreign country is valuable and can provide 

opportunities not available in Canada.  Viticulture has a long tradition in Portugal and has 

a much larger role in the economy and the everyday lives of the people.   

 The difficulties arising from the use of qualitative methods are related to the time 

and complexity of analyzing the data.  Interviews often took many hours to complete in 
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order to ensure all the necessary information was gathered.  The time it took to conduct 

interviews and the amount of data that was collected could have been reduced.  When 

arranging the interviews, participants were told this study was related to the microclimate 

of vineyards.  This gave them ideas about the questions I would be asking them and their 

answers were related to what they thought I should know.  This made the responses 

longer as they tried to satisfy what they thought I wanted to know.  If they had been kept 

unaware of the study’s goal, it would have been easier and faster for them to answer the 

interview questions.  They would have been more straightforward and less data would 

require analysis later on.  Working with qualitative data can be laborious, so only the 

most important information needs to be included.  Anyway that will reduce the amount of 

data, while including all the necessary information will help keep the research focused 

and succinct. 

 The greatest difficulties involved in conducting research in a foreign country are 

related to the language barrier and cultural differences.   The unfamiliarity with a culture 

and their customs can make research difficult.  It is important to have patience, keep an 

open mind and be prepared for unexpected setbacks along the way.  Actually by 

conducing the research can the cultural differences be learned, so not giving up is the 

most important thing.   

 There is a need for translation when working in a country where the official 

language is unfamiliar.  Everything that needs to be done will require a translator, unless 

English is a commonly spoken language.  Fortunately, in Madeira, many people do speak 

English in government positions.  This was not always the case, but often, I was able to 

find help from somebody in a given organization that spoke English.  In some cases, I 
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had to rely on the little Portuguese that I knew to get information I needed.  For the 

interviews, it was necessary to have a translator.  Without a translator, this research 

would not have been possible.  Vignerons typically did not speak English, so I had to rely 

on the translator to collect the study data.   

 During the interviews, it was challenging to work with a translator at first.  The 

translator was unfamiliar with my study and what responses were important.  By the time 

of the last interviews, the translator was familiar with the goal of the interviews and it 

was easier to work together.  When working with a translator it is important to have 

patience, especially in the beginning.  It would have been easier if the interviewees were 

unaware of the overall research goals, so their responses could have been more simple 

and direct, making the translator’s job simpler.   

 The benefits of using qualitative data and conducting research in a foreign country 

outweigh their difficulties, and future researchers should not avoid these methods.   

 

6.2 Research Summary 

 

 It is clear that microclimates play a significant role in vineyards.  The macro and 

mesoclimates are also important, and soil character too, but these are already well 

documented in the literature.  Understanding the role of microclimate in determining 

wine grape quality helps in identifying suitable vineyard locations, understanding 

vineyard variability and dynamics, informing management decisions and practices, and 

improving grape quality in Madeira by identifying where the best areas are for particular 

grape varieties for certain wine styles.  The implications of this research can be utilized to 
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draw maps that take into consideration finer scale data than is usually incorporated into 

viticultural suitability mapping.  Time restrictions have prevented these maps from being 

created within this study but the opportunity is there for other researchers to develop 

them.  More accuracy in predicting suitability will imply physically measuring the 

microclimates where the best grapes grow and then comparing these measurements to 

potential landscape sites.  Predicting the suitability of land for specific grape varieties and 

wine styles will promote high quality grape production and save time and money for the 

currently utilized practice of trial-and-error plantings.   

 Through methods of exploration, this study has provided a point of reference for 

future studies into the microclimate of vineyards.  The factors affecting grape quality in 

Madeiran vineyards are all discussed and can be used to develop suitability maps or a list 

of criteria used when evaluating the potential of lands for viticulture.  If anything, this 

researcher hopes to have clarified the complex relationship between the landscape 

characteristics and grape quality.  With this information, vineyard developments will 

include microclimatological considerations. 
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Appendix A: 

Open-Ended Interview Questions 

 

Objective 1: Where are the areas of the vineyard that produce the best grapes? 

 

1. Do you think that the grapes from all parts of your vineyard are essentially the same, or 

are there some areas that seem to produce better quality grapes? 

2.  How do you know that they are better?  Is it the quantity of the production, or the 

quality of the grape, or both? 

3.  Do the better grapes grow in the same place every year, or do different areas produce 

better grapes in different years? 

4.  Can you identify where the better/best grapes grow?  Where does it change (different 

slope, different aspect, and different soil?) from the better quality grapes to the lower 

quality grapes? 

 

Objective 2: Why are the best/worst grapes produced in this area? 

 

1.  What are the unique landscape characteristics of the areas where your best grapes 

grow?   

2. How has the natural landscape been modified for grape cultivation? Have these 

modifications produced better areas for grapes to be grown? If so, why? 

3. What are the primary natural factors that determine grape quality? (wind exposure, sun 

exposure, water access, soil quality or type, altitude, proximity to ocean) 
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Appendix B 

Table of Positive Factors 

 

Interview 

Qualities 
Grower 2

Grower 4  

& Agent 1 Grower 7

Grower 5 

& Agent 2 Grower 6 Grower 3 Grower 10 Grower 8 Grower 1 Grower 9

Positive 

Factors 

Total

Dry Soil 1 1 1 1 1 1 1 1 1 1 10

Good 

drainage 1 1 1 1 1 1 1 1 1 1 10

Exposure 1 1 1 1 1 1 1 1 1 9

Full Sun 1 1 1 1 1 1 1 1 1 9

Wind

1 1 1 1 1 1 1 1 8

Aspect 1 1 1 1 1 1 1 1 8

High 

Temperat

ure 1 1 1 1 1 1 1 1 1 9

Fresh air 1 1 1 1 1 1 1 7

Sandy 

Soil 1 1 1 1 1 1 1 7

Penetrabl

e subsoil 1 1 1 1 1 1 6

Terrices
1 1 1 1 1 5

Proximity 

to ocean 1 1 1 1 1 5

Deep Soil

1 1 1 1 4

Walls
1 1 1 1 4

Low 

Elevation 1 1 1 1 4

Protected 

Areas 1 1 1 1 4

High 

Slope 1 1 1 1 4

Rocky 

Soil 1 1 1 3

Undergrou

nd water 1 1 1 3

Under-

crops/wee

ds 1 1 1 3

Stones at 

base of 

vines 1 1 2

Older 

Vines 1 1 2

Proximity 

to River 1 1 2

Low 

Temperat

ure 1 1 2

Strong 

Wind 1 1

High 

Elevation 1 1

Part sun

1 1

Humidity 1 1

Rain
1 1

Overcast 0

Lizards 0

Salt 

Spray 0

Fog 0

Poor sun

0

Water 0

Poor 

drainage 0

Low 

Slope 0

Clay Soil
0

Proximity 

to Trees 0



121 

 

Appendix B 

Table of Negative Factors 

 

Interview 

Qualities 
Grower 2

Grower 4  

& Agent 1 Grower 7

Grower 5 

& Agent 2 Grower 6 Grower 3 Grower 10 Grower 8 Grower 1 Grower 9

Negative 

Factors 

Total

Dry Soil 0

Good 

drainage 0

Full Sun 0

Aspect 0

High 

Temperat

ure 0

Fresh air 0

Cliffs

0

Terrices 0

Deep Soil
0

Older 

Vines 0

High 

Slope 0

Rocky 

Soil 0

Stones at 

base of 

vines 0

Low 

Elevation 1 1

Low 

Slope 1 1 2

Wind
1 1 2

Overcast
1 1 2

Strong 

Soil 1 1 1 3

Proximity 

to ocean 1 1 1 3

Walls

1 1 1 3

Undergrou

nd water
1 1 1 3

High 

Elevation 1 1 1 3

Protected 

Areas 1 1 1 1 4

Clay Soil

1 1 1 1 4

Proximity 

to Trees 1 1 1 1 4

Proximity 

to River 1 1 1 1 4

Under-

crops/wee

ds 1 1 1 1 4

Lizards 1 1 1 1 4

Salt 

Spray 1 1 1 1 4

Rain 1 1 1 1 1 5

Fog 1 1 1 1 1 5

Strong 

Wind 1 1 1 1 1 1 6

Part sun 1 1 1 1 1 1 6

Low 

Temperat

ure 1 1 1 1 1 1 1 1 8

Poor sun 1 1 1 1 1 1 1 1 8

Water
1 1 1 1 1 1 1 1 8

Humidity
1 1 1 1 1 1 1 1 1 9

Poor 

drainage 1 1 1 1 1 1 1 1 1 1 10


