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The synoptic weather systems described in Chapter 5 provide the backdrop for the 
local and regional variation of weather and climate that is a marked feature of the 
New Zealand environment. The nature of surface topography creates real problems for 

weather and climate prediction, because of the interaction of synoptic c irculation sys
tems with smaller sca le dynamic and thermal effects. Surface-atmosphere interaction 
therefore prov ides the observed regionality of weather and climate. The term 
mesoscale is often used to describe atmospheric phenomena of a particular t ime and 

space scale lying between the synoptic and microscales (Figure 6.1), and is assumed 
here to include local and regional effects frequen tly observed around New Zealand. 
This chapter therefore examines atmospheric phenomena that have dimensions of the 

order of a few hundred metres to around 200 km, which generally result from processes 
that operate over t ime periods of an hour to a day or so. However, climate features that 
are observed at this scale are the resu lt of the integration of such mesosca le meteoro

logical processes over much longer periods of time. 
Local and regional atmospheric phenomena are of particular significance to 

human activity, as the ir impact can be serious. For example, urban air pollution, frost 
hazard, hailstorms, tornadoes, local flooding, and severe downs lope winds are all sig
nificant atmospheric features that operate at this scale. The complexity of the New 

Zealand topography provides a similarly complex atmospheric environment near the 
ground. Such mesoscale weather and climate variability is of great significance for a 
whole range of human activities, including recreation and tourism, transport, air pol
lution dispersion, agriculture, forestry, and fisheries. Understanding the variations of 
weather and climate at this scale is therefore of great economic significance. However, 

because of their localised nature, the standard meteorological observation network is 
too coarse to identify mesoscale phenomena, which also means that they are often dif
ficult to predict. However, the development of automatic weather stations, meteoro

logical satellites, weather radar, wind profilers, and LIDAR has allowed knowledge of 
these features to be improved over recent years. The application of mesoscale numeri
cal modelling has also allowed advances to be made. 

Local and regional weather phenomena originate as e ither disturbances that 

result from instabilities within synoptic weather systems, or as the result of the 
interaction of such systems with the topography. In the fonner case, they can occur 
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Figure 6.1 Characteristic time and space scales assoc iated with atmospheric phenomena. (Sturman & Tapper 
1996. after Oke 1990) 

anywhere, as they are essentially the resu lt of chaos. In the latter, their geographical 
distr ibution is largely determined by the varied character of the underlying surface. 
The complexity of the New Zealand landscape therefore provides an ideal natural lab

oratory to study these mesoscale atmospheric phenomena. As a resu lt, this chapter 
will focus mainly on surface-induced local and regional weather and climate processes 
and phenomena. 

Geographical setting 

As described in Chapter 4, westerly winds predominate in the New Zealand region, 
where they interact with the Southern Alps and the mountain ranges of the North 
Island to produce many local effects. Extreme contrasts occur in average rainfall 
between the west and east coasts of the South Island in particular. For example, the 

west coast receives more than 10000 mm of rainfall per annum, compared with less 
than 600 mm to the east. More localised peaks in precipitation are associated with 
high ground throughout the country. S imilarly, sunshine hours are much higher to the 
east (>2000 hours), while maximum air temperatures are frequently significantly 
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Figure 6.2 

greater there. Fohn northwesterly conditions can produce screen-level air tempera
tures greater than 30°C and relative humidities below 20%. The annual air tempera

ture range is considerably greater in eastern and central areas because of the reduced 
moderating influence of the surrounding oceans. 

The prevailing synoptic weather systems and the way in which they interact with 

the terrain have a significant effect on local and regional weather and climate. The 
sequence of alternating depressions and anticyclones that move from west to east 

across New Zealand has a marked effect on the patterns of airflow, cloud, and precipi
tation. The changes in wind speed and direction associated with these circulation sys
tems have an impact on these patterns, as a result of dynamic interaction with the 
underlying terrain. They also influence the development of such mesoscale features as 

local wind systems, through the effect of airflow and cloud cover on surface radiative 
heating and cooling rates. 

Regional variations of climate are made obvious through their link with vegeta

tion patterns and land use practices (see Chapters 7 and 11). A recent classification of 
climate regions for the country is illustrated in Figure 6.2, which shows 18 distinct 
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regions large ly differentiated by temperature and precipitat ion. Surface-a tmosphere 
interaction is responsible for these differences, and the processes involved can be 
divided for simplicity into two d istinct groups-those that are ei ther dynamic or 

thermal in origin-although some are obviously a combination of the two. 

Dynamic effects 

Local and regional weather and cl imate are significantly affected by New Zealand's 
mountainous terrain. The deflection of air over and around major mountain barriers, 
the development of wave structures, and small-scale effects on local airflow all result 

fro m the interaction of a irflow with the complex terrain . T hese dynamic effects occur 
across a range of scales from small-sca le channelling of flow through single valleys or 
around mountain ranges, to orographic blocking associated with the whole of the 

Southern Alps. 

Small-scale surface effects 

Small-scale irregularities of the Earth 's surface have a number of effects on local air
flow. There is the effect of loca lised deflection of the prevailing wind causing complex 
patterns of eddy development as we ll as convergence/divergence of air (Figure 6.3) . 
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Figure 6.3 (Left) Dynamic effects of topography on near-surface winds. (After Sturman & Tapper 1996). 

Figure 6.4 (Right) Effects of friction on airflow near the ground. showing regions of convergence and divergence 
associated with surface discont inuit ies. (Sturman & Tappe r 1996) 



98 The Atmospheric Environment 

Sharp changes of slope can often give rise to the development of eddies, while fl ow 
around obstacles generates regions of preferred acceleration and deceleration. The 
integrated frictional effect of surface roughness and its spatial variab ility can also have 

an effect (Figure 6.4), with major discontinuities being of greater significance. For 
example, airflow from a smooth sea to a rough land surface often has an impact on 
both wind speed and direction, and may be sign ificant for coastal cloud development. 

Local orographically induced phenomena 

At a slightly larger scale, the interaction of airflow with mountain barriers results in 
the development of such features as the fohn effect, leewaves, and severe downslope 

winds. The major mountain ranges of New Zealand provide a barrier to the prevailing 
west to northwesterly gradient winds, producing nor'wester conditions on the lee side 
similar to the chinook of the Rocky Mountains and the European fohn. The effect of 

mountains on airflow varies depending on the stability and wind speed characteristics 
of the air mass arriving on the upwind side. A schematic representation of this rela
tionship is provided in Figure 6.5. Stronger winds have sufficient energy to lift air over 

a barrier in opposition to the effect of a stable thermal structure. If the atmosphere is 
unstable a reduced wind speed is required to lift the air. The Froude number is a use
ful indicator of airflow response to dynamic forcing by mountains, and describes the 

interaction between wind speed, atmospheric stability, and barrier height. It is defined 
as : 

Fr = U 
NH 

where Fr is the Froude number, U the mean wind speed of the a ir, N the stability 

expressed as the Brunt-Vaisala frequency, and H the barrier height. The Brunt
Vaisala frequency is a measure of atmospheric stability. Low pos itive values of Fr indi
cate re latively low speeds and high stability in the air mass, so that the flow is less ab le 

to cross the barrier. Instead, blocking may occur close to the surface on the upstream 
side, with deflection of a ir around the ends of the mountain range. 

Severe downslope winds often occur over eastern New Zealand during trans

mountain airflow, while strong channelled flow is observed in both Cook and Foveaux 
Straits. Topographically reinforced winds often have an impact on human activity 
along the eastern side of both the North and South Islands, especially where a irflow is 

channelled in the valleys and gorges of major rivers. On 1 August 1975 a fohn wind
storm caused extensive damage to forests and buildings east of the Southern Alps as a 
result of wind speeds reaching 195 km h-I in some areas (Reid & Turner 1997)(see 

Chapter 23). S imilarly strong winds are often observed within the mountains, causing 
entrainment of large quantities of sediment from glacial outwash and topsoil from 
degraded grasslands, resulting in dust storm development over the eastern alpine area. 

As observed in Figure 6.5, interaction of reasonably stable airflow with moun
ta ins can result in the development of wave structures on the downstream side. The 
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resonance that results in these circumstances is represented as lee waves. These typi

cally form when the Froude number is of the order of 0.5-1 and are often associated 
with the development of lenticular-shaped clouds. The simplified illustration of these 
waves and satellite image in Figure 6.6 indicates that the wave structure may vary with 

height, with short wavelengths nearer the ground and longer wavelengths aloft. 
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Figure 6.5 (Left) Influence of the Froude number on the 
nature of airflow over hills. (Sturman & Tapper 1996) 

Figure 6.6 (Right) (a) Idealised lee-wave structures 
resulting from airflow over a two-dimensional ridge. 
(Adapted from Sturman & Tapper 1996) (b) AVHRR satellite 
image showing waves created by the Southern Alps. 
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Figure 6.7 

Orographic modification of synoptic weather 
systems 

Mountain barriers have an important modify ing effect on the airflow patterns and 

pressure fields assoc iated with weather systems as they move across them. As men
tioned above, the passage of a ir over the New Zealand Southern A lps is frequently 
disturbed and the lower layers are blocked, so that airflow is deflected to the north or 

south parallel to the ranges (Figure 6.7). T his upstream blocking is associated with the 
build-up of pressure on the windward side of the mountains and a reduction to the lee. 
As a result, a lee-side trough forms on the downstream side, as shown in Figure 6.8. 

During these situations the air that passes between the North and South Islands 

frequently recurves to become a northeasterly wind along the east coast in response to 
the orographically induced loca l pressure pattern. The trans-mountain pressure-field 
perturbation can produce a pressure gradient greater than 0.07 hPa km- l (10 hPa over 

150 km) across the mountains. The interaction of synoptic weather systems with the 
mountains causes subtle changes in this pressure field perturbation to which local ai r
flow responds, making mesoscale forecasting quite difficult. Examples include the 

northeasterly barrier jet, which can develop below ridge- top height in the blocked 
zone along the western slopes of the Southern A lps during gradient northwesterly 
flow; and the lee- trough northeasterly over Canterbury, which may combine with the 

local sea-breeze system to produce enhanced onshore flow. The main factors tha t 
determine these local effects are the strength of the flow and the stability of the a ir 

mass moving across the area. 

Northwesterly fohn wind 

N 

t 
Effect of the Southern Alps on the regional w ind fi eld of the South Island. (Sturman & Tapper 1996) 
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Figure 6.8 Disturbance of the surface pressure field due to northwesterly airflow over the mountains. 
(Sturman & Tapper 1996) 

Orographic lee-s ide cyclogenesis is very rare in New Zealand because the moun
tains are too small. In sp ite of this, the movement of low-pressure centres across the 
mountains of New Zealand is frequently erratic. They often lose the ir concentric 
structure over the mountains but then reform on the lee side. The movement of 
frontal troughs across the Southern Alps can produce what is locally called a 
southerly change. This is an impressive mesoscale air-mass change that travels up the 

east coast of the South Island , producing a marked change in wind, temperature, and 
humidity (Figure 6.9). A similar feature, called the southerly buster, occurs along the 
coastline of southeastern Australia (Colquhoun et al. 1985 ). These cold orographi

cally modified fronts are generally orientated northwest to southeast and embedded in 
troughs extending northward from low-pressure centres travelling from west to east 
over the Southern Ocean. 

Southerly changes are typically preceded by fohn nor'wester winds along the east

ern side of the mountains, and vary in character depending largely on the three
dimensional wind and temperature structure of the atmosphere. The passage of the 
front is typically marked by a sudden wind change, strong wind gusts, and a marked 
drop in temperature and rise in relative humidity (Figure 6.10). The pre-frontal warm 

and dry fohn air is rep laced by much cooler and moister air from the southwest or 
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1500 NZDT 
14/1/88 

south, causing rapid and complex weather changes to the east of the Southern Alps. 
The mountains therefore play a significant part in the development of the marked air 

mass contrast, warming air ahead of the front and trapping cold dense air along the 
eastern side of the barrier. The air behind the front acce lerates northeastwards along 

the east coast into the lee-s ide trough, which quickly disappears, as the pressure rises 
rapidly. Sometimes the northwesterly wind may be strengthened by the temperature 
contrast across the front (which produces a frontal jet), causing the front to disinte

grate along the east coast. The downslope flow associated with the frontal jet can 
counteract the rising motion along the frontal zone. However, the front may remain 
as a distinct feature offshore to the east. 
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F igure 6.9 (Left) Surface wind field associated with a southerly change over the South Island at 
1500 NZDT on 14 January 1988. The acceleration of the cold front along the east coast is clearly 
apparent, while the pre-frontal northwesterly dominates the northern and western sections. 
(Sturman et al. 1990) 

Figure 6.10 Rapid changes in meteorological parameters during the passage of a southerly 
change, 14 January 1988. (After Sturman et al. 1990) 
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Effects of terrain on precipitation 

The lifting of air over mountains is a common mechanism for the development of 
intense precipitation, and this frequently occurs in New Zealand. The interaction of 

the prevailing westerly winds with the terrain of both the North and South Islands 
provides significant regional variabili ty in annual precipitation totals. For example, 
more than 12 000 mm has been recorded near the crest on the western side of the 

Southern A lps, while totals along the east coast are around 600 mm (Griffiths & 
McSaveney 1983) (Figure 9,4). As weather systems move across the country, the 

winds associated with them interact with the terrain in a complex way producing sig
nificant spatial and temporal variability of precipitation. For example, large quantities 
of precipitation can be distributed across the Southern Alps to fall on the lee side of 

the mountains as a result of strong westerly winds and enhanced lifting on the 
upstream side (see Figure 6.10. Decaying tropical cyclones migrate southeastwards 
from the tropics in mid to late summer and often have a significant effect on patterns 
of precipitation over northern New Zealand. Enhanced orographic lifting of the warm, 

tropical air mass associated with them can result in locally intense rainfall. Cyclone 

173' E 174'E 175' E 176' E 177' E 178' E 

20 40 60 80 100 

Distance from Main Divide (km) 

Figure 6.1 1 Distribution of normalised rainfall data across the Southern Alps, derived from six-hourly cross-
sections for the period 5-9 November 1994. The solid line represents the line of best fit to the points obtained for 
the site values, and the horizontal line indicates the transect mean. (After Sinclair et al. 1997) 

Figure 6.12 Rainfall enhancement observed over the eastern North Island over the 24-hour period end ing 2000 
UTC on 7 March 1988, resulting from the interaction of Cyclone Bola with the terrain. (After Sinclair 1993) 
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Bola, which occurred in March 1988, created major flooding and hillslope eros ion, 
with damages amounting to more than $200 million. Current research includes the 
application of numerical models to try to identify the orographic component of 

observed rainfall, and how it combines with atmospheric instability and moisture 
transport to produce intense rainfall in such cases (Figure 6.12). 

During winter sign ificant quantities of precipitation fall as snow, and this too 

varies spatially, owing to both terrain and latitudinal effects. Seasonal snowfa ll typi
cally covers 35% of the South Island and 5% of the North Island, and makes a major 

contribution to the hydrological regime of a large part of the South Island (Fitzharris 
et al. 1992) . The snowline occurs around 1000 m in the South Island and 1500 m in 
the North Island. However, sign ificant inter-annual variability in snow cover is com

mon because of changes in synoptic weather patterns associated with larger-scale 
atmospheric circulation variations. The El Nino Southern Oscillation phenomenon 
(described in Chapter 8) is a major factor in this regard . 

Thermal effects 

Spatial variability in the surface energy balance components (described in Chapter 7) 
represents the main driving force for the observed regional and local climate patterns. 
The prevailing weather systems exert overall contro l of air temperature and moisture 

content, as well as the moisture status of the ground surface. Surface characteristics 
such as so il, vegetation cover, slope angle, and aspect also contribute to spatial vari
abil ity in the surface energy balance. The relative magnitude of surface sensible and 

latent heat fluxes over the landscape reflects these influences, and determines what 
energy is available to influence development of atmospheric boundary layer structures 
and drive local wind systems. It is not surprising that the extensive range of surfaces in 

New Zealand has an important influence on the development of mesoscale and local 
weather and climate phenomena. 

Local climate variability 

As mentioned above, Earth-surface characteristics respond in different ways to the net 

radiative energy available to the local environment. Spat ial variations in net radiation 
and thermal properties of differing sUl{ace types produce differing local climates. Sur
face thermal discontinuities can also contribute to the development of some specific 

local atmospheric phenomena, such as local winds. The complexity of the terrain 
observed in New Zealand is therefore of major significance, with the interaction of 
surface characteristics resulting in the development of a range of unique topoclimates 
(Fitzharris 1989). These are difficult to resolve using the standard climate station net

work, so detailed knowledge tends to be limited to a few strategically important stud
ies. Examples include studies of the impact of hydro lakes on local climates and 
surveys of wind energy potential and for agricultural development. In the case of hydro 
lake development, it could be expected that the creation of a new lake would change 

the thermal characteristics of the area, as well as the atmospheric humidity. In the 
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New Zealand situation the lakes are often quite cold, owing to the ice and snowmelt 

source of the water. Air and so il temperatures are of major significance for agricultural 
activity, so loca l thermal patterns are frequently of interest. Research has shown that 
temperatures can vary significantly across complex terrain, with the development of 

thermal belts along midslope regions. These are sections of the terrain between valley 
floors and ridge tops, often facing north, that experience warmer temperatures than 
sites further up- or down-slope. They develop because of the tendency for cold air to 

drain downslope under the influence of gravity, while the ridgetops are more exposed 
to prevailing winds and cooler air because of the typica l lapse rate of air temperature 
(decrease of temperature with height). A thermal belt has been observed above the 

local temperature inversion on the Waimate Hills in South Canterbury, with mini
mum air temperatures regularly 4-7°C higher than the surrounding lowlands 
(McGowan & Sturman 1993). 

While dynamic lifting of air by the terrain is a major trigger of convection, this 
process can also occur because of surface heating. The diurnal variation of thunder
storm development in eastern New Zealand is an indicator of this, with storms most 
frequently observed around 15-1600 NZST during midsummer (Figure 6.13). By com

parison, orographic forcing seems to generate storms more frequently in western 
regions, on the upstream side of the mountains. Convergence lines generated by the 
interaction of sea breezes are also known as regions of storm genes is. Examples occur 

over Auckland (Figure 6.14) and, less commonly, over the Canterbury Plains inland of 
Banks Peninsula. There also seem to be preferred areas for the development of torna
does over New Zealand, although the limited population distribution makes analysis 

of reports unreliable. In spite of these limitations, the west coasts of both islands have 
recorded more tornado strikes than other sections of the country. 

Boundary-layer development 

Understanding atmospheric boundary-layer development is of significance to a num
ber of aspects of human activity, including through its influence on air pollution dis

persion and in applying frost protection techniques to some agricultural crops. It is the 
vertical profile of temperature and its influence on atmospheric stability (resistance 
to vertical displacement) and vertical mixing of air that is of major significance. How
ever, it is the flux of sensible heat between the ground surface and the overlying 
atmosphere that is largely responsible for variations in atmospheric boundary-layer 

structure. In mid latitudes this surface forcing has a clear diurnal cycle, producing an 
evolving structure as shown schematically in Figure 6.15. During the day, surface heat
ing results in the development of a growing well-mixed layer capped by a temperature 

inversion. In the evening the surface cools, causing a stable nocturnal surface layer to 
develop. This layer is much shallower than the daytime convective layer but is capped 
by a residual mixed layer, which gradually decays through the night. After sunrise the 

convective mixed layer grows again, following the re-establishment of surface heating. 
Profiles of potential temperature indicate changes in atmospheric stabi lity in the 
boundary layer (Figure 6.15b), with layers of constant potential temperature repre
senting a well-mixed atmosphere. Layers of increas ing potential temperature aloft 
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Figure 6.13 Distribution of th understorms over 
New Zealand, w ith graphs of characteristic seasonal 
variability for different regions. (Sturman & Tapper 
1996, after Revell 1984) 

Figure 6.14 Simplified representation of the 
surface wind fi e ld over Auckland at 1800 LST 18 
February 1973, illustrating the development and 
movement of a local convective cell (as shown in the 
inset). (After McKendry & Revell 1992) 
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represent the capping inversion , which acts as a lid on ve rtical motion. Strong gradi
ents in the surface layer ind ica te significant exchange of heat between the ground 

and the atmosphere. This exchange occurs e ither towards or away fro m the surface 
depending on the time of day (compare profil es S l and S3 in Figure 6.15). The sim
plistic conceptual model sh own in Figure 6.15 is made more complex in the real 
world due to topographica l effects, interac tion with synoptic wea ther systems, and 

the carryover of res idual structures from one day to the next. 

2000 
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Figure 6.15 Idealised model of atmospheric boundary-layer development during a daily cycle. showing typical 
vertical profiles of potential temperature for the times indicated. FA. ML. RL. and SBL represent free atmosphere. 
mixed layer. res idual layer. and stable boundary laye r. respectively. (Adapted from Stull 1988) 

Local wind systems 

T hermally developed local winds develop as a result of horizontal temperature gradi
ents, which are frequently caused by surface discontinuities in exchanges of sensible 
and latent heat. Energy-flux grad ients can result in the development of local thermo
topographic c irculations over large ly flat terrain, while slop ing surfaces result in hori

zontal temperature gradients, owing to the surface acting as an elevated heat and 
moisture source (or sink, in the case of heat) . The layer of air in contact with the 
terrain therefore undergoes stronger diurnal heating and cooling cycles than air some 

distance from the sloping surface. 
The coastal interface between land and large water bodies , such as lakes and seas, 

can create strong horizontal gradients in surface heat flux. During the day air over the 
water is frequently colder and denser than air overlying the relatively warm land surface. 
A horizontal pressure gradient arises because of the air dens ity difference, resulting in 
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onshore flow in the form of a lake or sea breeze. Sea and land breeze circulations are a 
common feature of New Zealand's physical environment because it is surrounded by 
ocean (Figure 6.16). There are also a number of large lakes in both main islands of 

New Zealand that are of sufficient size to create local circulations. However, in the 
South Island the complexity of the terrain is such that it is often difficult to differenti
ate local flows generated by slope heating and cooling (described later) from those due 

to lake effects. For example, the lake breeze circulations at Lake Tekapo interact with 
other local- and regional-scale thermally generated airflows to produce a highly com

plex local wind regime. Figure 6.17 illustrates the vertical structure of a lake breeze 
which has developed below a fohn wind channelled down the Godley Valley. The lake 
breeze near the surface is capped by a return circulation (anti-wind) aloft. Figure 6.18 
shows the diurnal variation in the spatial pattern of surface wind around the lake, 

which is affected by lake breeze and mountain-valley circulations, as well as a large 
scale plain-to-basin flow to the south. 

In spite of the strong synoptic winds that affect the New Zealand region, airflow 
generated by slope heating and cooling is a common feature of the environment. The 

heating of individual slopes during the day results in air close to the slope being 
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Figure 6.16 Sea breezes around the coast of New Zealand. The numbers indicate typical sea breeze strength in 
knots. (Sturman & Tapper 1996, after Ryan 1984) 

Figure 6.17 Time section of a lake breeze event at the northern end of Lake Tekapo obtained using pilot balloons. 
Short and long barbs on the wind arrows represent 1_25 and 2.5 ms· l , respectively_ (McGowan & Sturman 1996b) 
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Figure 6.18 Typical daily variations in t he w ind fi eld at Lake Tekapo, from nocturnal co ld air drainage; to 
interaction of a daytime lake breeze component with the valley wind; and the afternoon arrival of a wind from the 
east coast at the two southernmost sites. The arrow inset in the top left corner indicates the wind approximately 
25 km further up the valley, north of the lake. (McGowan & Sturman 1996b) 

warmer and less dense than that fu rther away from the slope, so that it rises upslope as 
an anabatic wind. Nocturnal cooling leads to a reversal of the temperature grad ient, 
causing cool dense air to move downslope as a katabatic wind (Figure 6. 19) . Integra

tion of these slope flows produces the mountain and valley circulations, in which air 
moves down and up valley respectively. The coalescence of cool downslope katabatic 
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Day 

Night 

winds from different slopes produces cold air drainage. This downslope movement of 
cold a ir accumulates wherever flow is impeded , resulting in cold air ponding, the for
mation of frost hollows, and contributing to the development of thermal belts. These 
localised airflows have obvious significance for a number of human activities. For 

example, air pollutants are frequently trapped close to the ground in the nocturnal 
co ld air layers, and wherever this air accumulates, so does the pollution. The ponding 

of cold a ir typically produces a temperature inversion as co ld air accumulates beneath 
warmer a ir aloft. This stab le structure is maintained until a lapse temperature profile is 
re-established by surface heating next day, or if the synopt ic airflow increases in speed , 

causing downmixing of air from aloft . Nocturnal dra inage of co ld air from the Canter
bury Plains to the west and the nearby hi lls of Banks Peninsula to the south con
tr ibutes to the development of temperature inversions over C hristchurch, which are 
well known for their influence on air po llution in winter (Figure 6.20). 
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Figure 6.19 (Left) Simplified representation of slope winds, w ith anabatic (upslope) winds during daytime, and 
katabatic (downslope) w inds at night. (Sturman & Tapper 1996) 

Figure 6.20 Schematic view of the local w ind field of the Christchurch area at night. Cold a ir draining from the 
Canterbury Plains often meets that from the hill s to the south over the city. (Sturman et al. 1999) 

Relevance of research on local and regional weather 
and climate 

As with other aspects of the physical environment, the local and regional weather and 
climate of New Zealand are extremely variable. The complexity of the terrain and its 
surface characteristics are major causat ive factors, although explanation of observed 

patterns and phenomena requires an understanding of the interact ion of processes 
that operate at a range of scales from the synoptic to the micro-scale. 
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Local and regional weather and climate have always been of great significance 

economically to New Zealand because of the strong dependence on the fishing, agri
cultural, and forestry sectors. Reduction of the impacts of hazards has also been a 
priority in such a dynamic environment. However, sc ientific knowledge has only 

recently undergone sign ificant advances , owing to improvements in the ab ili ty to 

observe, measure, and model the atmosphere at this sca le. Unfortunately, the network 
of weather and climate stations is insufficient to conduct long-term research into the 

atmosphere at th is spatial scale. Most studies have therefore been intensive, brief stud
ies of particular areas or problems. 

A wide range of individual atmospheric phenomena are observed in New 

Zealand , which makes their analys is difficult , as they often interact in complex ways. 
Trad itional research approaches were to study individual phenomena, such as sea 
breeze or va lley wind circulations. However, more recent developments of sophisti

cated numerical modelling techniques and fas t compu te rs now allow the examination 
of complex situations where several different mesoscale processes can be occurring. 
For example, under preva iling northwest flow the central South Island can expe rience 
upstream blocking on the west coast, the development of lee-trough northeasterlies 

along the east coast, and fohn winds channelled down narrow valleys and into moun
tains basins in between. At the same time, thermally generated local flows, such as 
sea-land breezes and va lley-mountain winds may also interact with these dynamic 

effects. The long-term integration of these instantaneous phenomena creates unique 
and complex local and regional climates , or topoclimates . 

Knowledge of atmospheric phenomena of this scale is of great pract ical use 

because of its potential app lication to a range of environmental issues and problems. 
Although it is the synopt ic weather systems that produce the background weather 
experienced over a country like New Zealand, the way they interact with surface char
acteristics determines the costs or value of that weather. Improved knowledge of local 

and regional variations in weather and climate will help to reduce the impact of 
weather hazards such as frosts, thunderstorms, and floods, as well as allowing the 
exploitation of such features as thermal belts for agricul tura l purposes. 

The prediction of short- term weather changes is extremely difficult in regions of 
complex terrain, such as much of New Zealand. Weather cond itions can vary greatly 
over relatively short distances, at time and space scales for which the current synoptic 

observation network and available numerical prediction techniques are not designed. 
A major aim of current research is to improve mesoscale weather and climate predic
tion. This would help in forecasting local severe weather conditions, the dispersion of 
air pollution, and aspects of the hydrometeoro logy of the mountain regions, including 

prediction of inflows to the hydro lakes. 

Summary 

The processes and phenomena discussed in th is chapter are part of a continuum of 
atmospheric activity that extends fro m the macro- to micro-scale. It is increas ingly 

recognised internationally that there is significant scale interaction in the atmosphere, 
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so there is frequently a need to understand how features that operate at one scale 
relate to those that operate at larger and smaller scales. For example, there is consider
able interest in possible impacts of global climate change on local and regional 

weather and climate. This can only be assessed through a good understanding of 
processes and phenomena at both scales. It could be said that New Zealand is a good 

place to evaluate attempts to downscale from general circulation models because of 
the tight coupling that occurs between the regional climate, complex terrain, and the 
larger-scale circulation. 

This chapter discussed both dynamic effects (such as small-scale channelling of 
flow through valleys and orographic effects) and thermal effects (such as local climate 
variability, boundary-layer development, and local winds). The combined thermal 
and dynamic influences of the wide range of surface characteristics in New Zealand 

create distinctive local and regional weather and climate patterns. The atmospheric 
phenomena of these particular space and time scales are especially difficult to predict, 
in spite of the fact that they are probably the easiest for humans to observe. 

Further reading 
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