[image: cover-image, RYA Weather Handbook (E-G133)]
RYA Weather Handbook
Chris Tibbs
￼[image: RYA logo. ]
 
© RYA/Chris Tibbs 2017
First published 2005 as RYA Weather Handbook Northern Hemisphere Edition and 2006 as RYA Weather Handbook Southern Hemisphere Edition
Reprinted August 2019, August 2020, May 2021, September 2022, March 2023, January 2024, March 2025
The Royal Yachting Association
RYA House, Ensign Way
Hamble, Southampton
Hampshire SO31 4YA
Tel: 02380 604 100
Web: www.rya.org.uk
We welcome feedback on our publications at publications@rya.org.uk
You can check content updates for RYA publications at www.rya.org.uk/go/bookschangelog
￼[image: QR code linking to www.rya.org.uk/go/bookschangelog. ]
ISBN 978-1-911777-74-8
RYA Order Code E-G133
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, without prior permission in writing from the publishers.
A CIP record of this book is available from the British Library
Note: While all reasonable care has been taken in the preparation of this book, the publisher takes no responsibility for the use of the methods or products or contracts described in this book.
Cover design: Pete Galvin
Illustrations: Pete Galvin
Photographic credits: bluegreenpictures.com, Met Office, NASA, National Geospatial Intelligence Agency, National Hurricane Centre, NEODAAS/University of Dundee, Raymarine, Patrick Roach, Sailing Away School of Sailing, Chris Tibbs, Helen Tibbs, Rick Tomlinson
Typesetting and design: Velveo Design
Proofreading: Michael Burford
Indexing: Georgina Bowden
This publication uses the following Google fonts, which are licensed under the Open Font License:
	Poppins

This EPUB is reflowable and the appearance of the text can be changed by the user. Images will move in line with the text and they will always appear after the text to which they relate.
 

Foreword
Everyone who ventures onto the water, whether for the day or for an ocean crossing, should understand the importance of weather and how it may impact their time afloat.
Good skippers will obtain a weather forecast, monitor the conditions prior to departure, and adjust their plans throughout their passage based on the information available to them.
This latest edition of the RYA Weather Handbook provides more information than ever before about where to obtain forecasts, the growing use of technology in forecasting weather and obtaining up-to-date information, and in particular monitoring the tell-tale signs around you for any indication that the weather may not be doing what was forecast.
Chris Tibbs is a professional meteorologist who has sailed in the Whitbread Round the World Yacht race and has skippered a Round the World BT Challenge yacht. His clear text and straightforward explanations provide a wealth of information which is of value to all skippers.
Richard Falk
RYA Director of Training & Qualifications

Introduction
All aspects of our sport are dominated by the weather. No matter where we sail it can turn a pleasant day on the water into a battle with the elements in just a short space of time. While we have never had such a large amount of freely available information to help us with our decision making, it is our choice to go to sea and, by combining the available forecasts with experience and some weather knowledge, we should be able to avoid bad and deteriorating conditions.
[image: Rough seas in bad weather, rising above the side of a boat. ]
1.1
Bad weather means different things to different people, depending on the size of our boat, the level of experience, and perceptions on what is or is not a good sail. The wind that will get kitesurfers excited may have novice crews heading for shelter. However, wind is just one aspect of the weather and, although we use forecasts to help harness the wind to our best advantage, we also need forecasts to avoid hazardous conditions.
Becoming a good weather forecaster takes a lifetime of training and experience but, no matter how skilled we become, computer-generated weather models will always outperform people in predicting large-scale weather patterns. It is better to concentrate on interpreting these forecasts for our area, modifying them for local conditions, and, by adding observations, improving on the detail and accuracy over a short period of time. This book is therefore not intended to replace published forecasts but to add to our understanding of the weather and enhance these forecasts.
Weather can be split into seven variables, all of which are linked, and all of which affect our sailing. For sailors, the most obvious conditions are the wind and visibility, but these are linked to precipitation (rain, hail, or snow), clouds, temperature, and humidity, which are in turn linked to the atmospheric pressure and the general synoptic situation.
None of these variables can be looked at in isolation and, although we are normally interested in only a small geographical area, it is better to look at the larger picture before we can refine our forecast to our sailing area.
Synoptic Scale
At the synoptic scale, meteorologists are concerned with large systems of high and low pressure, and with air masses that may cover many thousands of square miles. This broad-brush picture is often portrayed by a synoptic chart or weather map, showing the meteorological features overlaid onto a geographical base map.
An analysis chart is based on observations and measurements at a specific time. From it, meteorologists can produce forecast charts, which give a general idea of how conditions are likely to change over time and which cover a wide area.
It is these that are summarised by the general synopsis section of the shipping or high-seas forecast.
Mesoscale
Armed with the synoptic overview, we can look at a smaller area – for example, the area in which we will be sailing over the next few days. This is mesoscale meteorology, dealing with areas of a few hundred square miles at a time, or about the size of an individual sea area in the shipping forecast. Mesoscale forecasts give an indication of the average conditions across the whole area. Bear in mind, though, that there can be a big difference between, for instance, conditions on the west coast of Wales and those on the east coast of Ireland, even though they are both in sea area ‘Irish Sea’.
Meteorological Terms
Jargon in this book has been kept to a minimum. However, some meteorological terms are necessary as they have precise meanings and are well worth remembering. There is a glossary at the back of the book to help with this, and explanations throughout the text.
Local Scale
What is usually of most interest to the sailor is the local weather, particularly over a relatively short term. Inshore or coastal waters forecasts cover this to a certain extent but, as they deal with quite long sections of coast, they may not provide enough detail to tell us how conditions will change as we round the next headland, or help us pick the best spot to anchor within a harbour.
Safety Factors
Safety, of course, is paramount. Although there is always the risk of getting caught out by bad weather, an important feature of on-board weather forecasting is that it can help us recognise, well in advance, if a situation is likely to become marginal (or worse!).
This Book
This book starts with some theory and a look at the global circulation of the atmosphere, and then concentrates on progressively smaller areas down to micrometeorology, and the circulation of air around clouds. 
The behaviour of the wind and weather around coastlines is important because the land affects the weather in a variety of ways. There is a thermal effect caused by the changing temperature of the land throughout the day, as well as a mechanical effect caused by the topography. These can make a significant difference to the wind’s direction and strength, but their effects are often so localised that they are not included in the forecast.
Our bad weather is generally from depressions (lows), so a lot of emphasis is placed on how these develop and how they are structured. By assessing this structure and movement a better understanding of how they will affect us can be reached.
[image: An orange sunset. ]
[image: An early sunrise obscured by cloud. ]
1.2: ‘Red sky at night, sailor’s delight. Red sky in the morning, sailor’s warning.’ These pictures were taken six hours apart, ahead of an approaching depression. The rising sun is reflected by the invading clouds. 
The Southern Hemisphere
The examples in this book are mainly from the Northern Hemisphere and the mechanics of the weather is the same in both hemispheres. However, due to the spinning of the earth and the Coriolis Effect, directions are reversed in the Southern Hemisphere. This is explored in greater detail in chapter eight.
Units
Meteorology has a mixture of units that have developed over the years. Different branches have their favourite units and, although research uses the more scientific SI (Système international d’unités) units, forecasts generally have stuck with more traditional ones.
This has led to an odd mixture. It is not uncommon to have cloud heights described in feet or thousands of feet, visibility in metres, and wind speed in knots – all within one forecast!
Pressure is generally given in millibars (mb) or hectopascals (hPa). One mb is equal to 1hPa so these units are interchangeable. Older barometers may still show pressure in inches or millimetres of mercury.
The knot is the most common unit for wind speed but some countries, particularly Scandinavian ones, are likely to give wind speed in metres per second. The approximate conversion is to multiply metres per second by two to get knots.

Theory
Our climate is an average of the weather conditions, while weather is the day-to-day variability. We look at the climate of where we intend to sail to decide which boat to buy and what sails to equip it with, but the weather dictates the size of headsail and how many reefs to put in on a particular day.
The single most important factor, which controls our weather and climate, is heat. What is important to remember is that the sun heats the earth’s surface, be it land or water, and it is the surface that heats the air above it.
The sun heats the land quickly and this heat is released into the air. The land also cools quickly at night. The sea is slower to heat and cool, remaining at a more constant temperature throughout the day.
[image: Rough seas with white waves. ]
2.1: © www.bluegreenpictures.com.
This principle is fundamental to understanding the weather. The atmosphere is largely transparent to the incoming short-wave radiation from the sun. However, the surface of the planet absorbs this radiation and re-emits it as long-wave radiation, which in turn heats the atmosphere above our heads. Therefore, the temperature of the air falls with height up to a region called the tropopause. This is found at an altitude of about 12km in mid latitudes but higher at the tropics and lower at the poles. It is in these lowest few kilometres of the atmosphere that all our weather occurs, and in which weather systems grow and decline. We only sail at the very bottom of this layer, known as the boundary layer, but the vertical structure is important in our understanding of the weather.
Moisture is also important in global circulation. The warmer the air the more moisture it can hold, but as moisture evaporates and condenses, latent heat is absorbed and released. Moisture therefore plays its part in moving energy around in the form of heat and latent heat. Surprisingly, moist air is more buoyant than dry, so it also contributes to the vertical movements that are so important in creating weather.
[image: Arrows extending downwards from the sun, upwards from the water, and upwards from the land, indicating global circulation. ]
2.2
Global Circulation
The equatorial region of the globe is strongly heated by the sun and this heat is transported polewards by global air circulation and, to a lesser extent, by ocean currents. This dispersal of heat towards the poles helps to regulate the earth’s temperature and, as the sea itself has a huge heat capacity, it also acts as a regulator, moderating temperatures along coastal regions of the world, while extreme temperatures are to be found inland near the centres of large land masses.
[image: A map with red, yellow, green and blue areas marked. ]
2.3: The Gulf Stream and North Atlantic Drift brings warm water northwards. Red denotes the warmest water and blue the coldest.
As the surface temperature increases at the equator, it heats the air above (see figure 2.4 below). The warm air rises and expands, which lowers the air pressure at the surface. Air pressure can be thought of as the weight of air vertically above us, so as the air heats, rises, and expands, the pressure lowers. The rising air reaches the tropopause and spreads out, moving towards the poles. This is a little like a bonfire; the heat and smoke of a bonfire rises to be replaced by cooler air coming in from the side, creating circulation, but in this case on a global scale. We see this rising and overturning air on many scales in weather forecasting, from the global to circulation under convective clouds.
[image: High and low pressure ciruclations, including the tropopause, jet stream, polar-front depressions, and sub-tropical highs. ]
2.4: Theoretical circulation between the equator and the Poles.
The warm air that spreads out aloft slowly cools as it moves polewards, causing it to sink and adding to the column of air already there. Thus, the air pressure at the surface increases and we get an area of high pressure. The surface air under the higher pressure is moved away – squeezed out – and heads towards low pressure.
Two more fundamentals of weather and systems are illustrated here (figure 2.5). Surface air moves from high to low pressure, and air in low pressure rises. The opposite happens in high pressure, i.e. air descends and moves away from the centre at the surface. 
[image: A globe with the movement of surface air illustrated. ]
2.5
This generates the world’s main wind patterns and would all be very neat and uniform if it were not for the uneven distribution of land and the effect the spinning earth has on our lives. 
The spinning earth causes the wind around depressions in the Northern Hemisphere to circulate anticlockwise, and to circulate clockwise around high pressure. The directions are reversed in the Southern Hemisphere – more about this in chapter 17.
Air Masses
As the air spends long periods of time over land or sea, it takes on certain characteristics from the surface it is over. These are mainly temperature and humidity. The air heats or cools depending on the temperature of the surface. Air over cold land, for instance, cools and is relatively dry. Over a warm sea, however, it becomes warm and moist. We have already seen that the warmer the air the more moisture it can hold before it becomes saturated. This is particularly relevant for sailors around western coasts of the UK, where most of the weather brings air that has spent a long time over the oceans. The principle remains the same wherever we are sailing in the world. 
Stability
The air from any particular region has very small differences in temperature or humidity over an area spanning hundreds or even thousands of kilometres. This is important for us as these characteristics define what the weather conditions are likely to be within that air mass. 
Figure 2.6 shows where different air masses come from for north-west Europe.
[image: Three blue arrows pointing to the UK – one from the east, one from the north, and one from the west. Text describes Polar Maritime, Arctic, and Polar Continental air masses. Two orange arrows point from the south west and south east. Text describes Tropical Maritime and Tropical Continental air masses. ]
2.6
The origin of the air gives it its characteristics and the track that the air takes will modify those characteristics. As a rule, the temperature of the surface that the air is moving over will either heat or cool the air mass from below. This will make it either more or less stable. See chapter 10 on stability. Warm air moving over a cold sea will slowly cool, becoming more stable. As the air cools it becomes heavier and tends to sink, resisting upwards movement. The opposite is true as cool air moves over a warm sea. The lower levels of the air warm, and this warmer air tends to rise, often forming clouds. This vertical movement upwards shows instability, which may result in showers and squalls. 
The importance of where the air has recently spent its time becomes more obvious when looking at depressions. In the warm sector, the moist tropical maritime air brings low cloud and drizzle to the UK’s West Country and, in the spring, fog forms over the cool sea, which will persist until the air mass changes.
Air masses move, but when they meet each other they do not mix very readily. This means that, where two air masses meet, there are likely to be sharp changes in temperature and humidity, described as fronts.
[image: A cloudy sky with small blue patches showing. ]
2.7: Unstable mass after a cold front has passed.
The most dramatic change in air mass that we see is when a cold front passes. After the drizzle in the warm sector gives way to heavy rain at the front, the sky clears, giving good visibility, a noticeable drop in temperature, and at times squally showers.
[image: A moored yacht surrounded by mist and fog. ]
2.8: Stable air mass with fog and mist in tropical maritime air.
Unstable Air
Big, vertical movement in the atmosphere, giving heaped clouds and gusty conditions.
Typical of cold air moving over a warm surface.
Stable Air Flow
There is little vertical movement in the atmosphere, giving flat layers of cloud (stratus).
Typical of warm air moving over a cold surface.
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Arctic

Very cold dry air moving over
a warmer sea. Unstable.

Polar Maritime

Cold air moving over a

warmer sea. An unstable
air flow bringing squalls
and very good visibility
(except in the squalls).

Polar Continental

Summer: warm air
over a cool sea. Hazy
and stable. From

a north-easterly
direction the long sea
track over the North
Sea can mean fog.

Winter: cold or very
cold air. From the
north-east the cold air
passing over the warm
sea can bring showers
or snow flurries.

Tropical Maritime

Warm, moist air moving
over a colder sea. Expect
poor visibility in a stable
air flow.

ropical Continental

The UK’s hottest air mass.
Hazy and often stable,
although when combined
with the right conditions
thunderstorms can occur.
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