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Introduction

If we’ve created gods, species, plants, animals, monsters, and more such as in Creating Life (The Art of World Building, #1), we need somewhere for everyone to live. Creating the world itself can help us envision conflicts, alliances, and struggles our characters might endure while traveling across mountains, through forests, or over the sea.

In this volume, we’ll discuss:


	Solar systems, planets, moons, stars, constellations, and more



	Continents, oceans, seas, and other water bodies



	Land features such as forests, mountains, and deserts



	Sovereign powers like kingdoms



	Settlements such as cities, towns, villages, and more



	Travel on land, sea, and in space by various means of locomotion (horse, wagon, dragons, ships) and how to consistently calculate travel times



	Places of interest



	History



	Drawing maps for continents, settlements, and more





The examples included in the text were created specifically for this guide and are not drawn from any setting I’ve created, except in rare instances and in Chapter One, “Case Studies” (drawing new maps for that is too time consuming).

The series has a website at http://www.artofworldbuilding.com, where you can find additional resources, information on other volumes in this series, and other items as they are added.

Free Book

If you’d like to see a free sample of my own world building efforts in action, anyone who joins my fiction newsletter receives a free ebook. That’s a separate newsletter from The Art of World Building at https://artofworldbuilding.com/newsletter/.
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Where to Start

The series and chapters within each volume can be read in any order but are arranged according to what might come first in a world’s timeline. A planet precedes continents, which precede land features, et al. But our creations can be invented in any order. Only you can decide where to begin, but it’s recommended to take any idea and run with it, writing down whatever occurs to you. If there are problems with it, they can be fixed later as you update and improve upon it. If you haven’t read a chapter in this book and have an idea for something that’s covered here, you can adjust your work later.

So where do you start? Where your heart lies.

About Me

By profession I’m a software developer, but I’ve been writing fantasy fiction since 1988 and building worlds just as long, mostly one planet called Llurien. Yes, I am crazy. But I love what I do. I didn’t intend to work on it for so long, but when life has prevented me from writing, I’ve worked on Llurien. I’ve done everything in these chapters and authored two hundred thousand words of world building in my files. Llurien even has its own website now at http://www.llurien.com. I’ve written six novels and over a dozen short stories over the years, and have just begun my publishing career with a novella that you can read for free (see below).

I’m also a musician with a degree in classical guitar; I’ve released three albums of instrumental rock, one classical guitar CD, and a disc of acoustic guitar instrumentals. You can learn more, hear songs, and see videos at my main website, http://www.randyellefson.com.

Disclaimers

World building is defined as the act of creating an imaginary world. While that suggests an entire planet, the result is often one continent or less. By world building, I don’t mean using pre-existing ideas and putting your own spin on them, such as reimagining Greek gods in modern or ancient times, or writing an alternate reality of Earth. While such approaches are fine, that’s not what this series is about, though such creators may still find the series useful.

I’ve omitted the science behind any real or imagined technology (like the warp drive from Star Trek) because other books on these subjects exist. Something like plate tectonics is discussed in this volume because it impacts the formation of mountains, but the details of subduction zones are seldom relevant for us when drawing mountain ranges, for example.

While some authors prefer the term “races” to “species,” I’ve used the latter term throughout most of the series. This book uses “SF” to abbreviate science fiction. SF is broadly defined herein as a setting with technology far in excess of current capabilities. Fantasy is loosely defined in this book as a setting using magic, knights, and lacking modern technology. As a stylistic point, to avoid writing “he/she,” I’ve also opted for “he” when discussing someone who could be either gender.

Since I am an author, and primarily write fantasy, the series is admittedly weighted in this direction, but whether you’re in the gaming industry, a screenwriter, a hobbyist, or write science fiction, much of the three volumes can help you anyway. I just don’t claim to have covered every element despite my attempts to be reasonably comprehensive. If you have suggested topics you feel should be covered, feel free to contact me at mail@randyellefson.com about updates for later editions.

The Chapters

What follows is a brief summary of what’s included in each chapter in volume two, Creating Places.

Chapter 1 - Case Studies

Three case studies show how the contents of this volume can aid in creating relationships we can use in our work. They discuss the effects of prevailing winds, climate, land features, rain shadows, and the impact of passages to travel through troubling areas. Each affects the sort of sovereign power suggested by a region and how alliances and enemies can be forged, some changing with time. Each power will have different ideologies and geographical features and needs, which can help us determine relationships between different powers.

Chapter 2 - Creating a Planet

This chapter focuses on creating an Earth-like planet. World builders should understand the role of the moon and its effects on tides, seasons, and more if we intend to have a moon different from our own or multiple moons. Mention of other planets, constellations, and comets can make our world seem like it’s not an island. The equator, climate zones, prevailing winds, and rain shadows all affect how much precipitation falls in an area, which in turn affects all life there, including vegetation or the lack thereof. Understanding these basics will help us create believable landscapes.

Chapter 3 - Creating a Continent

Which hemisphere our continent lies in affects the seasons and might impact where we place constellations. Understanding plate tectonics can help us build believable mountain ranges and place volcanoes where they might occur. This can also determine where deep areas of the sea are, giving our sea monsters somewhere to call home. We have some liberty to name bodies of water what we want, but this chapter includes details on when to use which name, including seas, bays, inlets, and more.

Chapter 4 - Creating Land Features

A continent will have mountains, volcanoes, lakes, rivers, forests, woodlands, savannahs, jungles, prairies, wetlands, and deserts, but world builders should understand each to place them in believable locations. While some aspects are obvious, minor details can change our decisions and augment our resulting stories. Why say characters have entered a run-of-the-mill forest when we can say it’s a savannah instead, describing how it looks and what life is like for inhabitants and those traversing it? This chapter aids world builders in making a more varied landscape—one that is accurately depicted.

Chapter 5 - Creating a Sovereign Power

Kingdoms, empires, dictatorships and more are types of sovereign powers that world builders can create. Before we do, a high-level understanding of the differences between them is crucial. Many variations to government types exist, which gives us freedom to tweak details for our needs, but we should know the rules before we break them. The role of sovereignty, including how it is gained and lost, is examined in this chapter along with the “divine right of kings.” We also look at the head of state and head of government roles, the differences between them, and the conflicts that can arise. The nature of each branch of government is examined along with parliamentary systems. Democracies, federations, theocracies, monarchies, autocracies and more are examined for their key differences.

Inventing a sovereign power should include friends and enemies who shape policy, lifestyle, and culture. The form of government has significant impact on inhabitants and results from world view. History affects this as well, and while creating a history is optional, it enriches the dynamics of relationships and can create heroes, villains, and attitudes in the population. We should consider which species are present and in how great a percentage, and what languages are spoken or forbidden. Our power’s location and climate will impact lifestyles and vegetation, which also influences what natural resources it has or lacks, and what the power does as a result. These can all lead to tensions both with other powers or the residents. Symbols, colors, flags, and slogans will be a source of pride and even fear for both foreigners and the population.

Chapter 6 - Creating a Settlement

Location impacts a settlement more than many world builders realize, from climate to terrain and water supply, but our neighbors also determine how much fortification is needed and the number of armed forces, including their skill sets. Ancient and recent history can bring lasting change and cause attitudes that enrich our setting. Our population’s diversity is also critical for determining what life is like for the majority and minorities alike, but first we need to decide who is who (and why), how much power they have, and whether they can subvert those who are supposedly in power. Whether outposts, castles, villages, towns, or cities, or even an orbiting station, a settlement will have secrets, a reputation, colors, symbols, and local lore that characterize it in the minds of inhabitants, friends and enemies.

Chapter 7 - Travel Over Land

In settings without automobiles, world builders may struggle to determine how long it really takes people to traverse a distance, whether that’s between settlements or land features. Mountains, hills, desert, and vegetation all impact speed and endurance, whether one is walking, riding a steed (even flying on one), or hauling freight like a wagon. The presence and quality of roads alter this, as do life forms that might cause wariness and therefore slower travel. A methodology is presented to assist with organizing distance measurements and scale, determining the base miles per day (BMPD) for various mode of travel, and terrain modifiers to BMPD. Using both miles and kilometers, formulas are provided for making calculations, which can also be estimated for overall land area in sovereign powers. Newsletter subscribers receive an Excel spreadsheet that can be used to alter scale and modifiers so that all calculations are automatically updated, reducing the need for manual calculations.

Chapter 8 - Travel by Water

Landlubbers have difficulty determining how long it takes for any ship, whether powered by oars or sails, to traverse a distance. This chapter explores the factors affecting sailing speeds and what vessels are most likely to be used during an Age of Sail period. Calculations are provided for realistic estimates. Both long and round ships are discussed, including the galley, brig, frigate, galleon, sloop-of-war, and ship-of-the-line. In fantasy, we have species and warrior types who might be part of our crew. We might also rule out gunpowder and cannon, which means having ships with no real fire power or which use alternative weapons, some of which are examined. Subscribers to The Art of World Building newsletter receive an Excel spreadsheet that performs calculations in kilometers, miles, and nautical miles.

Chapter 9 - Travel in Space

Science fiction features invented technologies for traveling the cosmos, but that doesn’t free us from attempts to be realistic about life in space or how to maneuver. Modern engines operate on the principle of thrust, which requires rear-facing engines, and we’ll need this for slower-than-light travel within a solar system. Imaginary propulsions, like warp, hyper, or jump drives can benefit from believable limitations. We should also remember that locations in space are ever changing positions so that how long it takes to travel between two points is seldom the same—or convenient for our characters. The need to enter a planet’s atmosphere affects the structure of our ship, but world builders will be most interested in the internal organization and the effect we can make this have on people and story.

Chapter 10 - Creating Time and History

History can enrich a world and provide us with cultural clashes, famous items, and world figures to which our stories and characters can refer or cite as inspiration. To save time, we can create a master history file with short entries that are invented in a few minutes and which do not need long explanations. Some could be turned into stand-alone stories if we stumble upon a great idea. Historic entries can be created at any time and can include events involving the gods, technology, supernatural, wars, the rise and fall of sovereign powers, artifacts, and famous missions by groups or individuals.

We also need a universal way to measure time because each sovereign power might have its own calendar, making the correlation of events across kingdoms harder. The merits of keeping timeframes similar to Earth’s are discussed; this includes the reasons why minutes and hours benefit from little alteration, while the number of days, weeks, and months can experience greater variation without disrupting the audience’s sense of time.

Chapter 11 - Creating Places of Interest

Even seemingly ordinary locations can acquire significance due to scale, features, or people associated with them. These include monuments, graves, catacombs and hidden passages, and unusual buildings, whether built in stone, flying in the air, or floating on water like Venice.  Ruins offer places for treasure to be found or horrors unleashed, including magical or technological items. Event sites and shipwrecks also give inhabitants places to reference, seek, or avoid, and can be where items of our invention originated.

Bonus Chapter 12 - Drawing Maps

While drawing maps is optional in world building, they can help us visualize where everything’s taking place, and if done well, can even be included in published works. Drawing skill isn’t really needed, as modern map making programs allow us to place pre-existing shapes onto a map and move them around. Continent maps help us decide on the location and quality of land features like mountains, forests, and deserts so that we create a realistic ecosystem. The location of settlements, rivers, and bodies of water will also impact the stories and lives of characters we create. We can also draw settlement, dungeon, and ship maps to solidify our decisions and find new inspiration in our layouts.

Templates and Newsletter

Effective world building requires having written down details about the created world. To help you organize and jumpstart your efforts, each volume in this series includes templates in the appendices. This volume includes three: solar systems, sovereign powers and settlements.

Rather than typing these up yourself, you can download these templates for free by joining the newsletter for The Art of World Building at http://www.artofworldbuilding.com/newsletter/. As each volume is published, whether you’ve bought the book or not, subscribers will automatically receive an email with links to download the templates as Microsoft Word files.

In addition, this volume provides two Microsoft Excel files for calculating moon orbits and travel times on land, sea, and air. While the formulas are discussed in the book, the files come set with the needed calculations. I recommend that interested world builders download them rather than try to create them.

The Podcast

The Art of World Building podcast expands on the material within the series. The additional examples offer world builders more insight into ramifications of decisions. You can hear the podcast, read transcripts, and learn more about the episodes at http://www.artofworldbuilding.com/podcasts.

YouTube Channel

The Art of World Building YouTube channel now has videos that also expand on the material within the series. Check out the growing playlists and subscribe. Videos include replays of webinars that feature a Q&A, lessons from the books, previews of WBU courses, and tips from the book, 185 Tips on World Building.

World Building University

World Building University (WBU) has online courses that provide step-by-step instruction on how to create all aspects of great fantasy and science fiction worlds. Each includes a series of video lessons, quizzes to test your retention of what you’ve learned, and assignments designed to make your creation a reality instead of a dream. Courses are intended for both authors, game designers, and hobbyists.

 

To learn more, please visit www.worldbuilding.university.

Images

This book includes a number of images, which are greyscale in the print copy and color in the eBook. Larger, full color copies can be viewed for free online at http://www.artofworldbuilding.com/creatingplaces/images. They are organized by chapter and will provide more detail that make it easier to learn from.

Creating Life (Volume One)

The places we create are of little interest without life forms to dwell there, whether these are gods, species and races, plants, animals, monsters, and even undead. Creating Life (The Art of World Building, #1) goes into detail about inventing such people and making them memorable so our work stands out in a crowded field. The skilled use of analogues and how much world building to do are also discussed. We can start our work with any one of those subjects and crisscross between places and life, for one often impacts the other.

Cultures and Beyond (Volume Three)

Everything not covered in the first two volumes lies within the finale, Cultures and Beyond (The Art of World Building, #3). This includes creating culture, organizations, armed forces, religions, the supernatural, magic systems, technological and supernatural items, languages, names, and various systems our world will have, from health, educational, legal, commerce, to information systems. Finally, we look at how to manage our world building projects. Without these subjects, no world building project is complete.


Chapter 1—Case Studies

Whether we’re new to world building or a pro, the following case studies can give insight into how the material in this volume can help our efforts. They demonstrate what can result from learning the contents of this book: how land features and map making can lead to decisions on allies and enemies, trade routes, and what types of sovereign powers could exist. Concepts are alluded to here but not explained; world builders can revisit these case studies as knowledge of this book’s content is assimilated. The maps are also available online at http://www.llurien.com/continents/llorus/, where it might be easier to see what’s being referred to.

Each case study will use my setting, Llurien, because I know what I was thinking while creating it, as opposed to someone else’s world. It’s a fantasy world with knights, magic, gods, and seven species of my invention instead of the staples—elves, dwarves, and dragons.

Case Study 1—Two Straits and a Sea of Enemies

The first case is the effect two narrow straits have on access to a sea and how this affects the relationships of several sovereign powers. If following along with the maps online (instead of the one below), expand the following sovereign powers sections to see the maps: Erizon, Kysh, Marula, Niora, Pell, and Rone.

The Sea of Fire and Straits

On the western coast of this continent lies the Sea of Fire, which is accessible from the ocean to the west via two straits (two narrow channels) that flow north or south of the large island there (see the map below). The northern Strait of Erizon is not particularly treacherous due to its width. Technically, it’s too broad to be considered a strait; even on Earth we sometimes use the wrong word, so world builders can, too. The southern Strait of Niora is narrow enough to fit the definition of “strait” better due to being narrow, so I decided it is treacherous to differentiate it from the northern strait (variety is good).
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Figure 2: The Sea of Fire

The Equator

The equator runs through the center of the sea, which means almost all the woods near the sea are rainforests. The equator’s location also means the prevailing winds are from the east (i.e., blowing east-to-west). When drawing a map, we should know where land lies in relation to the equator, as this impacts forest types, skin color of inhabitants, wind direction, and where rainfall occurs, which in turn affects vegetation or the lack thereof.

Erizon

Above the Strait of Erizon lies Erizon, a wizard-centric oligarchy, where personal liberties are fewer. It lies on the northwestern corner of the continent by the ocean, which suggests that Erizon is a seafaring power. Given its naval might and the proximity to the Strait of Erizon, it seems obvious that Erizon would want to control access to the Sea of Fire via the strait. This becomes the dominant factor in its relationships with every sovereign power to the east.
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Figure 3: Erizon

Kysh

The Kingdom of Kysh is the heart of the Empire of Kysh. An empire requires stability, which suggested power not rest with a single person, so I decided the Kingdom of Kysh is a constitutional monarchy ruled by parliament. The king/emperor is a ceremonial head-of-state, not head of government. In other words, this is not an absolute monarchy where the leader is all powerful.

Kysh and Erizon have philosophically different forms of government, setting them up as potential ideological enemies, so I made this true. Erizon has resisted annexation by the Empire of Kysh partly because powerful wizards are in charge.

Kysh controls the difficult Strait of Niora just north of its capital. Since no one gets through there without Kysh’s cooperation, powers adjacent to the Sea of Fire might want to be on friendly terms with Kysh. Otherwise, to reach the ocean, their only option is the Strait of Erizon and Erizon’s ships. With Kysh respecting personal rights far more than Erizon, it is a potentially better ally. Both powers clash on the sea, whether in the Strait of Erizon or open ocean.
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Figure 4: Kysh

Niora

The island Kingdom of Niora separates the straits and influences both. The larger Erizon and Kysh have each conquered Niora more than once over the centuries. Both have left a lasting impact on culture and architecture. Niora seldom had time to develop a constitutional monarchy (i.e., a bigger government) that lasted very long. I therefore decided it’s an absolute monarchy, partly because it’s small enough for one extended family to remain in power when independent. It is currently part of the Empire of Kysh, giving the latter more control over the Strait of Erizon. This is another reason that a sovereign power inside the Sea of Fire might prefer an alliance with Kysh over Erizon.

Rone

That brings us to Rone Kingdom, which lies on the right of the Sea of Fire, across the Bay of Rone from Kysh. For reasons explained in “Case Study 2—Stopping an Empire’s Expansion,” Rone prevented the Kingdom/Empire of Kysh from expanding farther north and is therefore Kysh’s enemy. That leaves Erizon as Rone’s only ally regarding these straits, but what’s in it for Erizon? For one, enmity with Kysh implies friendship with Erizon, so Erizon will help Rone for a price, such as escort fees or high taxes on sold goods. Rone has also access to lands and resources to the east and south that Erizon doesn’t, causing some mutual benefits to an alliance. This tense partnership has fallen apart more than once. Finally, I made Rone a constitutional monarchy to distinguish it from Marula, its neighbor.
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Figure 5: Rone

Marula

To the northeast of Rone is the very hot Marula Kingdom, located at the equator and with some of the darkest skinned peoples (see the next map). The Marula Mountains to the east block the westerly prevailing winds, causing a rainforest on the eastern side of them and a rain shadow and desert on the western side where Marula stands. A desert normally can’t form near the equator due to heavy rains, but the tropical climate in Marula is really a temperate one due to high elevation, and this combination allows for a desert. Its people worship the sun and life-giving Alura River. Lacking many resources (like forests) and surrounded by enemies, it feels vulnerable, hence the ruling family’s insistence on holding onto power, resulting in a brutal, absolute monarchy. Marula has a small stretch of coastline and can be easily cut off from the sea and everything beyond, so it became Rone’s reluctant ally to gain aid on the sea and to prevent Kysh from conquering it next if Rone fell. The alliance is tense.

Marula and Erizon surround a common enemy (the Pell Republic) and are also philosophically compatible, making them allies. This gives Marula two allies on the Sea of Fire (Erizon and Rone) and two enemies (Pell and to a lesser extent, Kysh).
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Figure 6: Marula

Pell

Between Marula and Erizon stands Pell, a federal republic with great freedom for its citizens, putting it at philosophical odds with those neighbors (see next map). Pell became an ally of Kysh for protection and access to the ocean. Pell has another ally to the north, a larger federal republic called Siara, who has encouraged Pell’s transition from constitutional monarchy to republic. Siara and Erizon are enemies—they share a border—and Siara is another seafaring superpower with a small fleet stationed at Pell, its ally. Erizon tries to thwart Siara from sailing around it and entering the Sea of Fire, so Siara responds, in part, by just building ships at Pell. See “Case Study 3—Mountains and Murder,” for more about this relationship and how geography suggested it.
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Figure 7: Pell

Naming Considerations

The sea’s location at the equator and the often-heard command to “fire” during the frequent ship battles on its waters suggested a name: the Sea of Fire. Manowar Bay also received its name from the ships-of-the-line that sometimes blockade access to the sea.

Case Study 2—Stopping an Empire’s Expansion

In this case study, we look at how one sovereign power’s position earned it enemies and allies, and how a way could be found to stop an empire from consuming an entire continent. If following along with the maps online, expand the following sovereign powers sections: Erizon, Kysh, Marula, Pell and Rone.

In the lower right on the map below, we see Rone Kingdom. The Empire of Kysh, to the southwest, must conquer Rone to expand northeast. When it tried, other powers came to Rone’s aid for fear that if Rone fell, they’d be next. This included Marula farther to the northeast. Erizon joined forces with Rone because Kysh is their mutual enemy and Erizon doesn’t want a stronger Empire of Kysh. Erizon believes it saved Rone, leading to some continued tension between these reluctant allies.

The Republic of Pell is an ally of Kysh but helped Rone instead, because if Kysh conquered Rone, then Marula, Pell assumed it would be absorbed next; the country’s enmity with Erizon meant that Erizon would not come to its aid. Since then, Pell and Kysh have had strained relations. To the north of Pell is Pell’s ally, Siara, which also aided the war against Kysh on principle; Siara, a federal republic, is opposed to sovereign powers conquering each other.

 


[image: ]



Figure 8: Controlling Territory

These relationships can impact stories and characters, such as someone from Erizon being haughty toward someone from Rone, a supposedly weak nation that needed so much help. A character from Rone might be bitter at the contemptuous way those of Erizon view him. This sort of dynamic is something world builders can create by drawing maps and creating different government types.

It can’t be seen on the map above, but to the right are north-to-south running mountain ranges that cause rain shadows and deserts to their west. The rain forest in Rone Kingdom results from a large gap in those mountains, allowing moisture through. Other rain forests along the Sea of Fire result from the sea’s moisture.

Case Study 3—Mountains and Murder

In this case study, we look at the impact of mountain ranges on terrain and sovereign powers. If following along with the maps online, expand the following sovereign powers sections: Erizon, Marula, Pell, and Siara.

The Winds and Rain Shadows

In the map below, the equator lies just to the south (off the edge). This means the prevailing winds are westerly. On the map’s right side is a large, north-to-south running mountain range, the Marula Mountains, which acts as a rain shadow that causes the desert to its left. The Nemon Mountains (also on the map’s right side) have a similar effect, causing another desert on their west, called Pell Pass. The War Peaks to the west would once again drain water from the atmosphere, leaving none to fall on the wider Anamaer Plain, which is wetter due to some moisture from the Sea of Fire to the south, resulting in grasslands instead of desert.

Some of this is open to interpretation. For example, Anamaer Plain could be another desert but two already existed in this region and more variety is good. No one from this planet is going to show up on Earth and announce that, in fact, no moisture from the Sea of Fire is coming north to result in more rain. However, it’s unlikely that a full forest would stand there. If you don’t understand why, this book will change that.

Forests stand to the north of these mountain ranges, as there’s no rain shadow; the Marula Mountains don’t go that far north and therefore don’t block moisture.
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Figure 9: The Impact of Mountins

The Powers

On the left third of this map (and extending out of view) is Erizon, a seafaring nation like the federal republic of Siara, on the northern coast. They are philosophically opposed and have competing navies with unrestricted access to the northern sea and a continent to the north. With the border between them short, most clashes are on water.

The remaining sovereign power in the image is the southern Pell Republic, which I decided has recently become a federal republic (in contrast with most other neighbors) like Siara. They became allies partly because Erizon threatens both from the west, launching wars on Anamaer Plain, a region filled with nomadic horse tribes. Caught in the middle, some of those tribes are allied to different powers, depending on who can benefit them. The landscape suggested these relationships, which is one reason to draw maps.

Pell Pass is how those of Pell and Siara meet and trade, but in the mountains to either side are unpleasant species and animals that attack any caravan or sign of life. Before Pell and Siara became allies, they contested Pell Pass and guarded it with castles at either end, seen on the map. These are now where caravans prepare for the dangerous trip through. The War Peaks are named for the battles that have often raged on either side of them.

The Pell Republic doesn’t have the kinds of wood best for building ships and gets these materials from Siara, which has ships at Pell to access the Sea of Fire and lands beyond. This includes the Empire of Kysh, with whom Pell is on mostly good relations, partly because Kysh is also enemies with Erizon. Pell also has ships in Siara because it bought them from Siara.

The Kingdom of Marula to the southeast wants Pell’s territory, including Pell Pass, partly to stop Pell and Siara from conspiring against it. Marula is at the heart of the slave trade and prefers those of Pell and Siara for slaves, increasing animosities.


Chapter 2—Creating a Planet

There are global issues to consider in creating a planet, such as moons, climates, the sun, and the rest of the solar system. Unless we’re planning to do something truly unique with any of these, like two suns or moons, we’ll probably want to go with an Earth-like situation, which is the focus of this chapter.

However constant celestial bodies appear to us in our limited lifetimes, their relationships are always in flux. We can invent a scenario that isn’t likely in a four-billion-year-old solar system, but which is possible in a two-billion-year-old one. The reason is that gravity slowly stabilizes relative positions. For example, gravity causes satellites to eventually orbit in the same plane. If we have them in two different planes, we’re implying the solar system’s youth. Either that, or one of those moons was recently captured by the planet and hasn’t stabilized with it yet. By “recently,” we’re talking in billions of years, meaning this happened well before our species crawled out of the ocean.

This may give us some leeway to invent a situation lasting long enough to tell our story, at the risk of eye-rolling by physicists. One goal of this chapter is to reduce such reactions and make reasonably informed decisions. Fortunately, physicists make up a relatively small percentage of Earth’s inhabitants. Unfortunately, they make a far higher percentage of science fiction readers!

Some ideas and terms apply to more than one section of this chapter. The alignment of three or more celestial bodies into a straight line is a called a syzygy. An eclipse is one type. Another type, called a conjunction, is when celestial bodies appear to be lined up from a low point in the sky to a higher one, as seen from another location (like Earth’s surface). The term conjunction might be familiar to fantasy fans, as this has been used in stories, such as the films The Dark Crystal and Pitch Black, to indicate a rare aligning in the heavens, one that portends a great event. This is usually when some poor schlep is sacrificed, for example.

Appendix 1 is a template for creating a solar system and its planets, moons, and other satellites. It includes more comments and advice, and an editable Microsoft Word file can be downloaded for free by signing up for the newsletter at http://www.artofworldbuilding.com/newsletter.

Rotation

Our planet is either rotating clockwise or counterclockwise. The Earth does the latter, which is why the sun rises in the east and sets in the west. We can reverse this for a quick way to thrust our audience into a different perspective. Of course, the stars, planets, and constellations will also travel across the sky in the opposite direction. Be aware that this affects ocean currents, covered later in this chapter. For world builders, this affect is largely that of which coast of a continent has warmer or colder waters. Prevailing winds will also be reversed in each hemisphere.

The Sun’s Impact

Our lone sun is technically a yellow dwarf star of medium age. Most world builders, particularly in fantasy, will just want to go with the same and call their work done. More extreme situations might be better suited for worlds we’ll only use for one story. In SF, with characters traveling across the cosmos to various planets, the viability of life in other suns’ solar systems is debatable.

For example, a planet in the habitable zone of a red dwarf star would experience tidal locking (the planet’s same side always faces the sun, just as one side of the Moon always faces Earth). This causes perpetual night on one side and perpetual day on the other. This sounds cool at first until we consider the huge temperature variations that would make Earth-like life difficult or impossible to form.

A moon orbiting such a red dwarf’s planet could sustain life if it was also tidally locked to its planet, because that would cause the moon to not always have the same side face the sun. Even so, the lack of ultraviolet light also makes life unlikely, as does the variable energy output from the red dwarf (our sun is relatively stable). Maybe life can’t originate there, but there’s no reason we can’t put a mining or research colony there. We can use such worlds but maybe not have much life originate there unless that life is extremely different from Earth’s.

The Moon(s) Impact

Earth has a stable moon with no atmosphere, but other moons in both our solar system and beyond are volcanic, icy, or have toxic atmospheres. While our moon is relatively large in relation to the planet it orbits, and has a steady, close orbit, satellites orbiting other planets are often smaller, farther away, and have eccentric orbits. Most solar system objects orbit in the same direction, but some are backwards. This retrograde motion usually means a moon (or a planet) formed elsewhere and was captured by the planet (or sun). By contrast, a moon that formed when the planet did will orbit in the same direction. Large moons tend to match the direction while smaller ones can go either way.

Tidal Locking

The term “tidal locking” will make many of us think of tides, but these are unrelated phenomenon. Our moon is tidally locked to the Earth. The same side is always facing us because the moon rotates on its axis in the same number of days it takes to orbit us. This might seem coincidental and unique, but most significant moons in our solar system are tidally locked to their planet; those nearest experience this first. Tidal locking is an eventual result caused by gravity. Early in a moon’s orbiting, it might not be tidally locked, but ours may have become locked in as few as a hundred days (it’s proximity and size having much to do with this).  A moon that is not tidally locked may have recently formed or been captured by the planet. Either way, the stabilization process hasn’t completed.

As world builders, we have some leeway to claim a satellite is locked or not. Most people are unfamiliar with the concept and we should only mention it if locking has occurred, as readers will assume the opposite without being told. Note that a close, large moon like ours will almost certainly be locked; during the brief period when ours was not, it and the Earth were molten and devoid of life.

Normally, only the satellite is locked to the planet, but they can become mutually tidally locked, as happened with Pluto and its moon, Charon. This means that each of them only sees one side of the other. If we stood on our moon, we’d see all sides of Earth as it rotates, but from Earth, we see only one side of the moon because they are not mutually tidally locked. If they were, the moon would stay in the exact same spot in the sky. About half the planet would see it, while the other half wouldn’t even know it existed unless traveling to the far side of the world. This would eliminate most tides (see next section) except those caused by the sun.

We can create a planet that orbits the sun in the opposite direction from other planets, a fact which would likely be noticed. In a less technological setting, supernatural significance might be attributed to this. In SF, perhaps inhabitants of that planet realize it originated from another solar system and wonder what it’s doing here. Where did they come from? We can also create a captured moon that orbits in a different direction than the planet or its other moons; these are typically farther away because gravity will eventually change that for nearer moons.

Tides

Tides are variable. They are affected by coastline, currents, and other factors we can usually ignore as world builders and writers. But the moon is the greatest cause of tides, followed by the sun. If we want moons different from ours in number, proximity, or orbit, we should understand the moon’s effect on tides. On Earth, tides can be so extreme that boats moored at high tide are sitting on the beach at low tide, which is one reason large vessels remain farther out and small boats are used to come ashore; such situations could be exaggerated with additional moons. Tidal forces are also causing our moon to get farther away, which would happen on any world we build (it if has oceans), but the rate is infinitesimal; still, a moon is unlikely to be getting nearer unless it’s already very close. Gravity will pull it in and rip it apart. This can be a very real doomsday scenario for a world because the moon’s debris will rain down on the planet’s surface and cause destruction; the planet’s tilt will also destabilize, affecting seasons and possibly causing dramatic and rapid-onset ice ages, for example (more on this in the next section).

Our moon causes high tide on the side of the Earth it faces because it is pulling the ocean away from the planet. The moon is also pulling the Earth that direction and away from the ocean on the opposite side, causing another high tide on the planet’s far side. The Earth’s other two sides experience low tide (see Figure 10 below).
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Figure 10: Tides

This causes two high tides and two low tides per day. Those two high tides aren’t the same height, nor are the low. One reason is that the moon’s orbit is not perfectly circular. If we invent a moon with a more elliptical orbit, the tide will be less pronounced when the moon is farther away. Imagine your characters being aware that such a moon is coming close in a week and they must get to higher ground or be flooded where they are, and that many settlements have taken this monthly flooding into consideration.

Among high tides, the highest tides are when the moon, sun, and Earth form a straight line, such as Moon-Earth-Sun. But the very highest tides are when moon and sun are on the same side, such as Earth-Moon-Sun (See Figure 11 below), because the gravity of both moon and sun are most strongly affecting the same side of the Earth. This is called a “spring tide” but has nothing to do with the season—it occurs twice a month, as does the corresponding lowest tides, called “neap tides.” On a world of our invention, we might want to rename “spring tides” to avoid confusion.
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Figure 11: Highest Tides

A moon’s diameter (apparent size) isn’t particularly relevant for tides. Rather, mass and distance from the planet are the primary factors in tidal forces. Change either and we increase or decrease those forces and the resulting impact on a planet. More mass means more impact. More distance means less impact. Fortunately, our audience isn’t expecting us to tell them the mass of a moon or how far away it is, especially as compared to Earth’s, so we can usually ignore this, but we can at least know what we’re ignoring.

We’ll take a detailed look at how adding a second moon affects tides, as the observations can be expanded to additional moons and their impact. Using a clock face for orientation, with Earth at the center, what might the tides be like if the moons are:

 


	the same mass



	equidistant from the planet



	at 12 and 3 (to start) and never get materially closer or farther from each other while orbiting?





 

Picture Moon One’s gravity pulling at the 12 and 6 positions (causing high tides there) while Moon Two’s equal gravity does the same to 3 and 9 (causing high tides there, too). Would they balance each other’s effect on the oceans, causing a constant water level (i.e., lack of tides)?

Unless we’re physicists, we can get ourselves into trouble with this kind of thinking, creating impossible situations. Is that’s why it’s called “science fiction?” Not really. SF is fiction which combines science that does not exist while hopefully getting right science that does exist. We have leeway to invent but should aim for believability.

Lack of tides isn’t particularly useful, interesting, or likely (without mutual tidal locking; see previous section). The theoretical scenario above is a starting point for making observations that can help us make informed decisions. Altering that example, if two moons are at 12 and 6 and stay that way (always on a planet’s opposite sides), we’d have more extreme tides. But if one moon had lower mass, it might have less impact on tides. This would also be true if one moon was farther away. Or had a more elliptical orbit.

Only distance, not mass, affects orbital speed. More distant satellites orbit slower, so two moons at different distances can’t stay on the planet’s opposite sides. Having two (or more) moons that are always in the night sky at fixed points to each other is unlikely. The nearer moon, moving faster, would appear to regularly catch and pass the farther moon. This will sometimes cause them to align in the sky. If they’re orbiting in the same plane (and most moons of a planet do), this will cause at least a partial eclipse of the farther moon by the nearer. The degree of eclipse
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Climate

Summary

Tropical

Rainforest

5-10° from equator, no seasons, steady
temperatures, hours constant, uniformly wet

Monsoon

Wet season of several months, otherwise dry,
rare climate

WetDry or Savannah

Very lite rain, outer edge of tropical region far
from equator

Dry

Hot deserts: year-round sunny, clear, very hot
(i nights), found in tropical region

Cold deserts: similar summers but drier, brutal
cold in winter, found in rain shadows high
alitades and temperate zones

Mild deserts: year-round mild, found in high
plateaus and western edges of continents,
prone to foglow clouds i coastal

Temperate

Dry Summer

30-50°, western side of continents, hot/dry
summer but mider on the coasts due to fog,
mild winter with rain

, castern side of continents, warm/wet
air, more rain in summer, frequent short summer
thunderstorms

Maritime/Oceanic

45-60°, wester side of continents, cool
summers, mild cloudy winters

Highland/Dry Winter

Found in tropics at high alffude, dry winters,
very rainy summers

Maritime Subarctic

Found poleward of maritime/oceanic on narrow
coastal strips'islands on westen side of
continents. Very lile rain, ground frozen
several feet in winter, temps from -40° F to 86°
F

Dry Summer Maritime

Rare, very high clevations

‘Humid Continental

Al

40° laitude and above, found in continent
interiors and cast coasts, rain all year, warm to
hot summers (often humid), cold winter
(sometimes very). The four variants are all
similar

Polar

Polar

Average -10° C all year
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Warm mediterranean climate (Csa)

Temperate mediterranean climate (Csb)
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18 Humid subtropical climatel
Subtropical oceanic highland climate (Cwb)

Warm

Warm oceanc climate/
Humid subtropical climate (Cfa)
Wi Temperate oceanic climate (Cfb)
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Climate Zone | Latitude

Tropics The equator (0)—23.5°

Subtropics  |23.5°—40°

Temperate | 40°—66°

Polar 66°—the poles
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