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Arctic Orientation CBT Participant Guide

Proper Dress for a Northern Climate
Clothing Keeps You Warm
No other mammal lives in as wide a range of climates as humans do. Humans survive from High Arctic to rain forest jungles to the Saharan desert to the Antarctic. This is all the more remarkable when you consider that humans are tropical animals. 

How do we survive in so many climates? The answer is clothing (and buildings but this module is about cold weather clothing). Where the climate is not perfect for humans to live, we use clothing to create a suitable environment. Proper winter clothing is a form of shelter, or of personal protective equipment (PPE) if you wish. It protects you from elements that cause you harm.

To understand how clothing will protect you from the Northern weather, you have to understand how your body creates and loses heat; and regulates its temperature. 

Heat is created by muscle contraction, usually inside the core of your body. When your body is cold, it will try to generate heat by burning energy reserves through muscle contraction (shivering), and conserve heat by restricting blood flow to the colder parts (usually the arms and legs first). Body heat is lost through the surface area of the body. The more surface area affected, the greater the heat lost. When your body wants to get rid of excessive heat, it sweats so the liquid will evaporate on your skin.

From this we can figure out three basic principles: liquid on the body increases heat loss; clothing must create or conserve heat, and the more surface area covered the greater the body heat conserved.

So let’s look at how these principles could affect proper dress during sweltering Arctic summer conditions (above 30ºC and humid). We will be working so we will generate excess heat that will need to be removed by sweating and evaporation. Humid conditions, as stated in Module 1, increase the relative environmental heat so (1) the sweating/evaporation cycle will have to be as efficient as possible, (2) the evaporated sweat will have to be carried away from the body in some way because if it is trapped near the body the relative humidity will increase heat stress, and (3) we don’t need to conserve heat.

So to be properly dressed for the conditions, we will need clothing that is lightweight (no insulating property), loose-fitting and/or has built-in ventilation (won’t trap evaporated moisture), and covers as little surface area as reasonably possible (promotes greater evaporation). So what do we see people wearing under their coveralls? Usually people wear a loose-fitting short sleeve t-shirt with lightweight pants.
Now imagine what would happen if you tried working under the same conditions while wearing a winter jacket. You would overheat and, at best, feel uncomfortable (at worst, you would probably pass out from heat stroke). Clearly your clothing choice will affect your health and safety. This holds true for all working conditions.
Rain Gear

Another special condition where proper dress is required is in wet conditions, most commonly rain. Rain gear comes in a variety of weights and fabrics, each suited to how heavy the rain is. The main types of rain gear are water-resistant, water-repellant, waterproof-breathable and waterproof. 

Water resistant fabrics consist of an outer shell that has been treated with a finish that resists water seeping through but not completely. These fabrics are woven so there are gaps between the threads which will fill with water and eventually leak through. 

A water-repellant fabric is one with a finish that makes water form a bead and run off, usually through chemical treatment but sometimes by weaving the fabric with smaller gaps. 

Waterproof-breathable fabrics have such a tight weave that the gaps are so small it is impossible for even one molecule of liquid water to pass through to the inside. However, because water vapour is so much smaller than liquid water, evaporated sweat can pass move out through the fabric without any problem.

Waterproof fabrics are often not fabrics at all, but a solid sheet of material like polyvinyl chloride (PVC), polyurethane or plastic. Because the material is solid, water can’t pass through it in any direction – it won’t let rain in but it won’t let sweat out.

The different base fabrics used for the rain gear will have different properties. Nylon is difficult to tear, making it a good fabric for rugged uses where the possibility of the fabric getting ripped is high. Polyester dries more quickly, is more water-repellant, and only absorbs about one-tenth as much water as nylon, but is much easier to rip. Cotton, canvas and leather all absorb moisture so they become heavy and lose their insulating abilities. 

You also need to consider the seams and zippers when choosing rain gear. Seams are a weak spot because that’s where a needle has punched a hole completely through the fabric. High quality rain gear will have seams covered by waterproof tape. Zippers create a similar problem but you need access to the zipper so it can’t be taped shut. To compensate for this, high quality rain gear has zipper flaps that prevent water leaking through the jacket. 

Water leaks also occur at the neckline and cuffs of your rain gear. Look for a snug fit at these points. Remember, though, that this will limit the amount of moisture vapour that can escape from inside your rain gear. 

Choose rain gear that is large enough to fit over your other layers of clothing. If you will be wearing a harness (i.e. for fall protection) or riding an ATV, choose a shorter style of jacket. If you will be doing a lot of bending and lifting, then a longer style with a lot of overlap between jacket and pants, or a one piece rain suit, may be more appropriate. Choose rain gear, pants especially, that can be put on and taken off without removing any other clothing (like boots), i.e. pant legs with zippers 

Windproof clothing

Strong winds are another condition that you may need to consider when choosing proper dress. The good news is that most water-resistant/waterproof clothing is also essentially windproof. Nylon and polyester are considered the best of fabrics for windproof. If you are going to choose a technical fabric make sure it is windproof. 

Bug-proof clothing

The north is famous for the number of biting insects that live there, especially in spring and early summer. Bug-proof clothing is available to prevent mosquitoes, black flies and deer flies from turning you into a meal. Bug proof clothing works by adding an extra layer to your clothing. This extra layer is usually a mesh fabric or netting with holes small enough to let air through but not the bugs (for example, regular bug proof clothing has 156 holes per square inch; extra protective cloth has 256 holes per square inch). The extra layer puts enough space between you and the bug that it can’t reach you to bite you. In order to be effective, there has to be no way for the bug to get to your skin. So the keys you need to look for are the netting is loose enough that it doesn’t touch your skin; elasticized cuffs and waistbands on both the pants and shirts/jackets; and overlapping pieces (i.e. head protection netting goes past the neck, the end of the shirt reaches past the top of the pants).

You can also purchase bug repellent or insecticide that can be used on your skin (most commonly items with Deet) or used on your clothing (permethrin is the most common). Make sure you follow the manufacturer’s directions for whichever type of repellent/insecticide you choose.

Cold Weather Clothing

The over-riding consideration for dressing properly for the North is protecting yourself during cold weather. If we go back to how the body regulates its temperature, to stay safely warm in a frigid climate we need to (1) conserve our body heat, (2) reduce (preferably eliminate) the surface area where heat loss can occur and (3) reduce or eliminate wetness on or near the body.

Through research and trial and error, a system for cold weather clothing has been developed that is recognized by governments, the military, and various other experts as the best for staying warm. The system is designed to trap heat, manage moisture and protect you from wind and weather. This system is flexible enough that you can adapt it to whatever situation you find yourself in. 

The best way to follow the system is by remembering the word “COLD”. 
COLD stands for:

C
Clean

O
Overheating

L
Layers (some people also refer to this as Loose)

D
Dry

Clean

You need to keep your clothing CLEAN. Dirt and grease will clog the air spaces in clothing, reducing the insulation factor of your clothing. Dirt will also clog the gaps in the weave of your fabric, reducing the movement of air through the fabric which is important for reduce moisture from perspiration.

Overheating

OVERHEATING is a serious concern for people in a cold climate who are active or working and generate body heat. People often wear the amount of winter clothing that will keep them warm when they are standing still, which is too much clothing if you are being active. In this situation you can overheat and start perspiring to reduce that heat. If you can’t eliminate that moisture, your skin will become wet and start the cooling process. The danger is that once you start cooling down, you may not stop. It is always safer in an Arctic climate to be cool and need to generate a small, steady amount of heat than be hot and try to reduce heat. Also once your clothing gets damp, it takes heat to eliminate that moisture and that is heat that could be used to keep you warm instead. 

Layers

The next step to dressing properly in cold weather is LAYERS. Layers allow you to create a tiny environment around your body that you can adjust as needed. The layers do this by trapping air warmed by your body close to your body. The more layers you have, the more air can be trapped and heated more efficiently. 

The system calls for three types of clothing layers, the inner (base or foundation) layer; the middle or insulating layer(s) and the outer layer. The middle layer is misnamed a bit because it is often made up of several layers of clothing.

The inner layer is the layer of clothing in direct contact with your skin. This layer is critical because it is supposed to remove moisture from direct contact with your skin (“wicking” moisture away). Because they remove moisture so well, synthetic fabrics like polypropylene or polyester are the recommended choice for the inner layer. Do not choose cotton. Cotton absorbs moisture instead of wicking it away, is heavy when wet, slow to dry and loses all its insulating value. Synthetic fabrics are light, strong, absorb very little water and dry quickly. Silk and wool are two natural fibre fabrics that retain body heat when wet and will wick perspiration away. 

Be aware of the requirements of your job, particularly if you need to wear fire-resistant clothing on site. Make sure whatever choice you make follows those guidelines if necessary. 

Inner layer clothing is available in different weights. Light weight fabric is best used when controlling moisture is most important. Medium weight fabric will provide insulation as well as wick away moisture. Heavy weight fabric is best when it is very cold weather, or when you will be relatively inactive. Look for an inner layer that is snug but not constricting, and is either seamless or has flat seams that won’t press into your skin if you will be wearing a harness.

The main purposes of the middle layer are insulation and temperature control. It does this by trapping warm air heated by the body within the air space within the cloth. For this reason, it is better to have several thin layers of clothing than one heavy garment, because with several layers more air can be trapped and heated. Several thin layers are also more flexible than one heavy layer, providing you with a better range of movement. Wool or synthetic material like a polypropylene fleece (arctic or polar fleece) is usually used for the middle layers because they have plenty of small spaces to trap warm air. Wool and synthetic fleece also continue to transfer water vapour away from the body. There are also specialty fabrics like moleskin, a thick warm cotton blend that is often used for middle layer clothing in Antarctica. 

In extreme cold conditions it is not uncommon to wear three or more insulating layers on the top half of the body: a synthetic fiber or wool-blend shirt, thin woolen sweater, synthetic fleece sweater/jacket and down vest. As for the legs, pants made of thick warm material such as synthetic or natural fleece, pile fabric or moleskin will serve as the middle layer. 

Make sure the individual clothing is loose and easy to remove in case you start getting too warm. Experts suggest that prior to starting vigorous work or exercise you remove one layer of clothing. Then when you have finished the vigorous work, you put the layer back on to retain the heat. Clothing with zippers also increases the ventilation available.

The outer layer, or shell, is the layer directly exposed to the weather. The key here is for the material to be windproof and protect you from water infiltration. If you will be doing strenuous work, you may want to look for a breathable material like a technical fabric. A zippered front, openings at the wrist, neck and waist or clothing with pre-designed ventilation openings will also help you regulate body heat. Make sure however that these ventilation openings don’t compromise the wind and water proof ability of the layer. Look for outer layer pants that you can put on without taking off your boots, such as those having an ankle to hip zipper. If the jacket has a hood, this will provide additional protection for your head. Be careful, though, depending on the design, the hood may restrict movement and/or vision. 

Using the layering approach, we can tailor the system for areas of our body with special needs, like our head, hands, and feet. These areas are particularly susceptible to heat loss and its associated dangers.

Experts estimate that between 20 to 50 percent of total body heat loss occurs through your head. The reason for this is simple. There is a lot of surface area on the head, which will radiate heat. As well, because the brain needs a continuous blood supply in order to function, the body cannot reduce blood flow to the head to conserve heat. So the effects of this heat loss will not appear at the head. Instead, the body will reduce blood flow in the arms and legs to conserve heat, causing these areas to feel cold. The Inuit have a saying that relates to this:

“When your feet are cold, cover your head.”

Heat loss through the head is one of the simplest to counteract. There are several styles of head covering that will keep you warm in cold weather, a toque, a hunter’s cap with ear flaps, a hard hat liner or even the hood of a jacket will protect the entire head except the face. Make sure the layer closest to the scalp is wool or a synthetic fabric that will wick moisture away while retaining its insulating quality. Rarely will you use more than one layer of clothing to protect your head but if you do need it, the hood of a jacket will serve as the outer layer.

Your ears are particularly vulnerable to freezing weather. So there may be periods where either the temperature is not at an extreme, or you are involved in highly strenuous work, where you will want excess heat dissipated, yet you will need your ears covered to protect them. In this case, a head band or ear muffs should be your choice.

Your nose and face are also more vulnerable to the cold than the rest of you. A balaclava will cover the full face. Some people will wrap a scarf around the lower half of the face. A scarf is not the safest choice especially while working around machinery. As well, a scarf makes wearing respiratory protection equipment impossible. Be sure to balance other safety issues with warmth when making your decision about what to wear. A scarf wrapped around your neck and tucked, or positioned under your jacket, will protect your neck and keep warm air from escaping up through the neck opening. A neck gaiter (which looks like a wider version of a headband) will accomplish the same thing.

Your hands are another point where layering will provide you with added protection against the cold. Choose a light inner layer that is able to wick moisture away, followed by an insulating layer then a weatherproof outer shell. In general, mittens are warmer than gloves because the fingers provide warmth for each other. The Canadian Centre for Occupational Health and Safety recommends wearing gloves when the temperature dips below 4ºC and you are doing light work and below -7ºC when you are doing moderate work (as long as fine manual dexterity is not needed). If the temperature drops below -17ºC then mittens should be worn. 

The layering technique is also useful if you need to remove the outer shell for some reason. By having an inner liner, your fingers will not be directly exposed to the cold. Your gloves or mittens should also have long elasticized cuffs that will keep snow out of them and insulate the wrist. The cuff should be snug but not restrict blood circulation. You may want to consider getting gloves with double stitching and padded or reinforced palms, forefingers or thumbs, which are subject to increased wear and tear. If possible, carry an extra pair of gloves inside your jacket. That way, you always have warm, dry gloves to wear.

Your feet can also benefit from the layering system, however be careful. Tight socks will restrict blood circulation and toe movement which will lead to problems, while loose or baggy socks can bunch causing blisters. Your socks and footwear should work together as one system. Start with a thin liner sock that wicks away moisture to keep your feet dry and comfortable. Once again synthetic or wool fabric is much better than cotton. You should choose the next layer of sock based on the temperature conditions and level of activity you will encounter. Lightweight socks are for warmer conditions and high levels of activity. Medium weight socks can cover a wide range of conditions and activities, while heavy weight is best for a low level of activity and very cold conditions. Look for fabrics that will also transfer moisture away from your skin – your feet will perspire more than most areas of your body. 

Socks with a padded sole with help prevent blisters, while a thinner top will increase moisture transfer.

Your boots will act as both a second middle layer and the outer layer of the system. Winter boots should be insulated, especially in extremely cold weather. A felt inner liner is usually the best at trapping air. If the lining is removable then you can carry a replacement pair of liners, which will be handy if the first ones become damp (You will want to be in a shelter when you change liners). 

The outer covering of the boot should be two materials, thick rubber on the bottom for waterproofing and a leather or nylon upper region for breathability. The soles should be thick rubber, preferably with an insulating insole, to stop cold seeping up from the snow and ice. The boots should be higher than your ankles at the very least, mid calf is better. Some arctic boots have drawstrings at the top of the boot for keeping snow out and warm air in. Beware of tight fitting boots as they reduce circulation. Also make sure you take the extra layer of socks and other insulating layers into account when fitting and purchasing your boots in the first place.

Dry

The D is our memory device COLD stands for DRY. We have been discussing the need to keep dry throughout this module but it bears repeating. Moisture is an excellent conductor of heat, so it accelerates the heat loss process, making it a contributing factor to hypothermia. 

We’ve discussed how clothing can reduce moisture on your skin by wicking it away, and how the material of the outer layer should prevent water infiltration. One other area you need to be careful of is when you make the transition between outside and a heated shelter. Be sure to brush or remove any snow or frost from your clothing before entering the shelter. This will prevent the snow melting and seeping into your clothing.

Sunglasses

There is one other item of winter gear that you will need to protect yourself during an Arctic winter. Snow blindness is a serious risk is a land where the light levels are stronger because the sun reflects off the snow. You will need sunglasses, sun goggles or shaded safety glasses rated to eliminate ultraviolet light. 

Ultraviolet light is produced by the sun but is not in the visible range. There are two types of ultraviolet light, UVA rays which penetrate deep into cell tissue and cause cataracts, structural damage and other forms of damage to your vision, and UVB rays responsible for sunburns, accelerating skin aging and cataracts. 

The way you protect your eyes from ultraviolet light is through lens that block UV light. Look for glasses that meet the Canadian Standards Association rating of “100% UV protective.” There is also a “UV400” rating which blocks even more UV radiation. Lens colour is not related to the amount of UV protection provided.

Lens can be made of several materials: plastic, polycarbonate and glass. Plastic is less expensive and have some protection from UV light. However they are also heavier and more prone to break than other choices. Polycarbonate is tough, light and more impact-resistant than glass so it is a good choice for high activity levels. However, it is not as scratch resistant as glass. Glass is considered best for optical quality and scratch resistance. They are, however, quite heavy and prone to shatter on impact. 

Polarized lenses reduce glare from high intensity reflected light – which is good for reducing eye strain – by using filters in the lens. However, polarized lenses do reduce optical quality to some degree.

Make sure the frames are not metal, as they will be as cold as the air temperature. Plastic goggles secured by fabric straps are a better choice in extremely cold weather. Goggles also help protect the skin from exposure to extremely cold temperatures. Be careful, though, with both sunglasses and goggles that your exhaled breath does not end up fogging or frosting up the glasses or goggles.

Unique Fabrics

We’ve talked about some of the fabrics that you might choose for your winter clothing but there are other commonly used fabrics with unique features that you should know about. 

Down filled clothing is commonly used as an insulating material. Down is one of the finest insulators known. It is lightweight, resists damage, can be compressed and resumes its shape easily, and drapes to the contours of your body. Down is made of the tiny plumes that line the underside of duck and goose feathers. It is rated based on the number of cubic inches an ounce of down displaces. This is called its fill power or loft power and the higher the fill power, the more warmth for the same weight. A fill power of 400 to 450 is mediocre, 500 to 600 is good and 650 to 700 is excellent. 

Down is more expensive than other insulating materials but can last between three to five times longer. The biggest danger to down is moisture; down loses its insulating properties when wet. Where conditions are consistently wet, it can be very difficult to keep the down dry. In this situation, a synthetic insulation may be the best option.

Because down is comprised of such small plumes, you need to make sure that the fabric covering is “downproof.” Down will work its way through a fabric with a larger weave. The cloth is often quilted to prevent the down shifting within the garment.

Wool is another natural material that is considered one of the best choices for winter clothing. Wool can absorb up to 35 percent of its weight in moisture and remain dry to the touch because moisture is pulled inside the fibers. Wool fibers have an interior that absorbs moisture vapour and a moisture-repelling exterior with a thin wax-like coating. Since wool can absorb vapour into its fibers, wool will trap warm air within the individual fibers as well as in-between fibers, giving it a greater insulation value than other fibers.

Wool also has a couple of other features that help its insulating properties. Wool does not absorb oil or perspiration so the fibers won’t get clogged by them (this feature also means wool won’t host odour-producing bacteria). Similarly, wool doesn’t pick up dirt as easily as other fabrics, so it requires less washing.

Polyester or synthetic fleece has become another popular choice for winter clothing. Synthetic fleece is quick-drying, retains much of its warmth when wet, has a virtually unlimited useful life, and doesn’t clump or pile after laundering. Fleece is available in various weights, which means it can serve as either a thin base layer or a thick middle layer. There are some new weaves of fleece that are considered windproof, but none are considered waterproof.

Winter clothing is carefully designed and engineered to perform in an extreme climate. In order to maintain that performance, you need to properly care for your gear. The first rule of maintaining your winter clothing is to keep it clean. As we’ve said before, dirt and oil will clog the gaps in a fabric reducing the fabric’s insulation value. To prevent this regular clean your gear, following the manufacturer’s instructions for cleaning the fabric. 

Be especially careful when drying nylon or other synthetic fabrics because high heat can damage the fabric. In fact, be careful with synthetics around heat in general. People have damaged boots, coats and gloves/mittens by holding them too close to a stove or heater. Also, if you are trying to dry clothing in the warm-up shelter, don’t place it near a steaming pot or cooking food. The steam will increase the amount of water vapour in the clothing rather than dry it.

Down needs some special care in order for it to retain its usefulness. Drying down-filled clothing is a long process, since the material must be completely dried but high heat can damage the feathers. Air-drying down takes too long and risks mildew developing in the down. A front-loading dryer on low heat is the best choice. Make sure the dryer is large enough that the clothing can tumble freely. Put a CLEAN tennis shoe or three or four clean tennis balls in the dryer with the down clothing to knock the feathers apart and fluff them up (restoring their insulating value).

Once the garment is dry it should be stored in a clean ventilated area. Try not to compress the garment by stuffing it into a tight bag. If this is unavoidable, however, a few minutes shaking out and re-fluffing the down should restore it.

Personal Protective Equipment

You are going up in the North to work, so you are going to need personal protective equipment. Most work wear retailers and manufacturers have a wide selection of PPE designed for winter conditions. Fire resistant coveralls have insulated varieties. Arctic parkas with high visibility colours and markings are available. Hard hat liners can be knit, quilted, insulated (and one version even has small pockets over the ears for chemical warming pouches. Balaclavas can be fire resistant. Spill resistant gloves can include insulation. Winter boots with an insulation rating of between -40ºC and -100ºC that are oil and acid resistant as well as CSA rated can be purchased. 

You will need to be especially careful about your respiratory protection PPE while operating in cold conditions. Respiratory protection that uses compressed air will have special issues when operating in cold environments. Compressing air reduces its temperature, which will cause any moisture entering the unit to freeze which can stop air flow and endanger the user. Moisture can come from the air in an SCBA cylinder or enter the SCBA when changing cylinders or removing face pieces, regulators, etc. and then reconnecting these components. In general, air used in SCBA cylinders needs an extremely low dew point to begin with (most manufacturers requires a minimum dew point of -54ºC or less than 24 ppm by volume regardless of the air temperature). As the outside temperature drops the required dew point will drop as well and the easier it will be for ice to form. The Canadian Standards Association has a standard in place, CSA Z180.1, that regulates minimum dew point requirements for SABA and SCBA. If you will be working with these breathing apparatus in the North you need to understand this standard.

When using SCBA in cold weather conditions, some basic guidelines apply: 

Don’t place cylinders in a wet or snowy area, especially not on their side where it is easier for moisture to get in. 

Regularly inspect all cylinders, remove any ice or water found, clean the threads and take care to prevent water from entering the cylinder.

A leaking facepiece seal, improperly maintained equipment or the regulator flowing air while the facepiece is off will create high airflow which will aggravate ice build-up.

After cleaning, make sure the unit, especially the facepiece exhalation valve, is completely dry before putting it back in storage.

Remove ice and water from cylinder valve threads prior to filling in cold weather conditions.

Try to store the SCBA in an area where the temperature is above 0C. If the unit is stored in an area before 0ºC, warm the unit up prior to use. 

Inspect the unit for ice formation if the unit is stored in an area before 0ºC. You can melt ice by placing the facepiece under clothing near the body.

Cold weather can also affect the performance of some parts of a respiratory protection system just be its impact on the material the parts are made of. Air hoses may become stiff. Ice on quick-disconnect couplers may make them difficult or impossible to connect. Electrical equipment may be more difficult to use in cold weather. Facepieces (in fact any type of eyewear or transparent face protection in general) may fog up in cold weather if you don’t take care.

If you wear a personal gas monitor as part of your PPE, you must be aware during winter conditions. Most monitors will be affected by deep freezing temperatures, and have a minimum temperature below which they will not work. You must know this temperature limit and account for it in your work. You also have to understand that you can’t skirt around this issue but putting the monitor inside your jacket or outer clothing layer. If you do that, the monitor will be detecting only the air inside your jacket, giving you false readings. To be effective your personal gas monitor must be exposed to outside air. 
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