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   ABSTRACT 

 

This paper showcases how I went about creating Zephyr, a Dynamic Weather System for Unreal Engine 4. It explains 
what I had to research or study in order to bring about realistic and dynamic weather, environments and a day-night 
cycle. It also shows how I went about implementing these features in Unreal Engine 4, using its built-in functions like 
materials, blueprints, particle systems and landscape building. 

 

   INTRODUCTION 

 

The Zephyr Dynamic Weather System and this paper are both part of my graduation work for my bachelor year in 
Digital Arts and Entertainment at Howest Kortrijk, a Belgian college. I decided to take on weather because besides 
being a programmer, I am also a world designer. Weather and day-night cycles are, in my opinion, a very good tool 
for creating an alive and moving world, and giving it more character. The weather system is intended for games, and 
therefore, it is optimized so it is suitable for real-time rendering. Zephyr is named after the ancient Greek god 
Zephyrus, and refers to the western wind. 

In this paper, I will be exploring the various elements of weather like downfall, wind, clouds, day-night cycles, foliage, 
etc. and their respective implementations in Unreal Engine 4. Reference studies will be done to accurately recreate 
these various components of weather. A weather cycle system is also in place, allowing for automated weather 
changes which doesn’t require a constant input from developers using Zephyr. 

Unreal Engine 4 was chosen for its phenomenal PBR (physically based rendering) and elaborate material and particle 
functionality, along with being a very user-friendly and increasingly popular game engine. Therefore, the research 
question that best describes this paper is the following: 

How does one simulate optimized, realistic environments and dynamic weather in Unreal Engine 4? 

Besides everything associated with creating the weather system, this was also an excellent test of my personal skills 
in creating suitable natural environments – not always the most natural thing for a programmer to have a good grasp 
on. 

  

http://www.digitalartsandentertainment.be/
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   RESEARCH 

 

Since the purpose of a dynamic weather system is to make the game world more realistic, inspiration needs to be 
drawn from the real world in order to recreate the look and feel of various weather types as accurately as possible. 
While weather data is useful for creating physically accurate weather and weather cycles, this project will require 
more reference studies to get the details right. 

 

1 . INSPIR ATION FROM G AMES 

 

Like any other piece of art, no game is completely original – each one draws inspiration from its predecessors or uses 
similar techniques, building on what others have achieved to further the craft. Similarly, weather in games is not a 
new or revolutionary concept. I’ll be taking a look at several games which have interesting takes on weather 
elements, like rain, snow, wind and many others. While there are a few more games in my list of references, the 
following games were the most useful and inspiring to me. 

 

1.1. MIDDL E-EARTH: SHADOW OF MORDOR  
 

When thinking of rain in games, “Middle-Earth: Shadow of Mordor” 
(Monolith Studios) was the first to pop up in my head: it has a simple, yet 
effective and aesthetically pleasing approach to transforming the game 
world with rain. The game appears to increase the specular intensity and 
decrease the roughness of the materials, giving them a sort of wet 
shininess. On top of that, horizontal surfaces have a subtle overlay of rain 
droplets falling randomly, which helps to express the feeling that the rain 
is, in fact, falling and hitting the ground. 

Along with the changes to the material of the meshes there are also rain 
particles that are done quite subtly, increasing immersion. 

So, to recap, Shadow of Mordor shows us that rain can be presented 
through material wetness (increasing the specular intensity and 
smoothness), an overlay of puddles and dripping rain on horizontal 
surfaces and by having subtle rain particles. 

 

 

 
Figure 2: “Shadow of Mordor Gameplay - Weather - Rain and 
Hail” on YouTube (IamBorg-7of9, 2014) 

Figure 1: MIDDLE-EARTH: SHADOW OF MORDOR - Gameplay 
screenshot with rain (gameinformer.com, 2014) 

https://youtu.be/4YX_0-qtj-U?t=17m40s
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1.2. THE WITCHER 3:  WILD HUNT 
 

 

Figure 3: THE WITCHER 3: WILD HUNT - Landscape screenshot 

“The Witcher 3: Wild Hunt” (CD Projekt RED) features a relatively complex weather system with randomized weather. 
The game also has wind, fog and even adapts the weather to the area you are in: the swamp is foggy and wet, while 
the (Viking-inspired) Skellige islands has more cold and rainy weather types. In an interview with video gaming 
website Dual Shockers, a VFX artist that worked on the game, Jose Teixeira, talks about the ins and outs of the game’s 
weather system. Teixeira explains that they tried to focus less on static textures for the weather and that the weather 
conditions are procedural and mainly based on probabilities. He also advises that it is better to have only a small, 
consistent collection of weather patterns than to have a large amount that is less smooth and polished. 

Besides the weather effects themselves, Teixeira talks about the relationship between weather and bodies of water. 
The water/ocean shaders are reportedly very complex in The Witcher 3, partly due to player interaction (walking 
into water, boats, …). Zephyr does not feature an extremely elaborate water/ice shader, because this is a very 
complicated process that could take several weeks to perfect on its own. The water material that comes with Zephyr 
mainly serves as an example for the different properties of water and ice as influenced by the weather.  

The Witcher 3’s weather system contains several weather elements: wind, rain, snow, fog, … that are all expertly 
blended together with smooth weather transitions. A notable difference between snow in Zephyr and in The Witcher 
3 is that the snow doesn’t accumulate in the latter, and only appears in cold areas where it doesn’t melt either. Snow 
in Zephyr is a lot more dynamic in the sense that it does accumulate, and that any area can have snow if the master 
weather material is used. The game also features varying wind speeds that affects different foliage types more, 
which can be compared to Zephyr’s “wind weight” parameter in the foliage material. 

 

  

https://www.dualshockers.com/the-witcher-3-wild-hunt-artist-talks-about-weather-lighting-consoles-graphics-and-much-more/
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1.3. BATTL EFIELD 1  

 

Figure 4: BATTLEFIELD 1 - Windmill in different weather types (reddit.com/r/Battlefield, Berdu, 2016) 

Battlefield 1 (Electronic Arts) is the most recent release of the three featured games, and also features the most 
complex and elaborate weather of all. Its weather system is also different in that it doesn’t constantly change its 
weather, but changes up the weather for each multiplayer match, as seen in the screenshots above. Slight changes 
can occur during the match itself, as in the sun peeking out from behind the clouds) but no drastic weather changes 
will happen in the same match. For example, players who play as snipers might have a bad time in foggy weather, 
which makes for more exciting and challenging close-up gameplay. 

Besides the gameplay repercussions, Battlefield 1’s weather also effects various materials and details in the game 
world. Raindrops may appear on weapons, birds fly away at higher wind speeds and of course the audio reacts to 
the various weather types. The developers appear to share my sentiment in that dynamic weather can “flavor” 
matches to feel more unique, changing the environment to mix up the gameplay and visuals. Rainy weather, for 
example, creates mud, increases fog and gives the environment a wet feel. 

 

Figure 5: “ULTRA REALISM! - Battlefield 1 No HUD Gameplay" on YouTube (The Frostbite Project, 2016) 

  

https://www.battlefield.com/en-uk/news/article/battlefield-1-weather
https://www.battlefield.com/en-uk/news/article/battlefield-1-weather
https://youtu.be/L-klt1u_7RM
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2. REFERENCE STUDIES 

 

A large and vital part of research into weather for games is looking up reference. Even though all of us know what 
weather looks like, there will always be certain details that go unnoticed until we really start to look for them. 

 

2.1. RAIN 
 

Rainfall occurs when clouds are overly saturated with 
moisture, making it pour down onto the surface beneath 
in liquid form. An important fact for the weather system is 
that it rains more during cold months than in the warm, 
summer months because while warmer weather may 
result in increased evaporation, warmer air can also hold 
more moisture before becoming saturated. 

Rain is water, thus making things wet as it comes down, resulting in stronger reflections, wetness and the appearance 
of puddles. The raindrops striking down also cause ripples on already wet surfaces. Snow melts under prolonged 
exposure to rain. 

 

2.2. SNOW  
 

The predominant visual characteristic of snow is, of course, that it covers the 
world as we normally know it in a bright white coat, changing up some of 
our daily views. Seeing as snow doesn’t fall out of the sky in one instant layer, 
snow gradually starts appearing on the various surfaces as it continues to 
snow. Similarly, Zephyr’s snow starts to appear on the flattest, most 
horizontal surfaces and then slowly appears on the more slanted surfaces. 
Since snow is a water-based substance, it will start melting above 0°C, just 
like it only snows at cold temperatures. 

 

2.3. WATER & ICE 
 

Most games that feature an extensive landscape ought to have water somewhere – whether it be a small mountain 
river, a wild sea or a frozen lake, water is one of the important staples of natural environments. In order to make an 
extensive, dynamic master water/ice material, we have to take in account the many different characteristics of water 
and ice. Water may flow in certain directions at a certain speed, has waves (some bodies of water having larger 

Figure 6: Rainy day - Photo by G. Marotta on picalls.com 

Figure 7: Snowy river - Photo by J. Fenstermacher on 
ognature.com 
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waves, or none at all), is transparent and refracts the light so we get a “distorted” view of what lies beneath. Ice, on 
the other hand, is solid, meaning that it doesn’t have waves, can receive snow and is usually a lot less transparent 
than its liquid form. Of course, snow or rain ripples don’t appear beneath the water surface – rain ripples may 
however strike the water surface, and snow may appear on top of ice. Water is of course a very complicated 
substance, but games have managed to reach very realistic and convincing water simulations despite sometimes 
limited technology. 

 

2.4. WIND 
 

Wind is, like gravity, one of the most crucial driving forces in weather. Light-weighted things like foliage, water and 
clouds are all affected by wind. Wind is not a completely constant force, in that it moves more like a wave, back and 
forth, its strength depending on the wind speed. This property of wind is mostly directly visible in foliage. 

 

2.5. SEASONS 
 

The seasonal cycle, better known as a year, is one of the most important elements in determining the temperature, 
downfall and everything influenced by it. Due to Earth’s axial tilt, and the planet moving further from or closer to 
the sun, we experience seasonal changes. In temperate and subpolar regions, this results in the four seasons as we 
know them: summer, autumn, winter and spring. Besides affecting temperature and downfall – winter’s colder 
temperatures may conjure snowfall, while autumn’s decreasing temperatures affect the foliage color. Zephyr does 
not feature completely accurate weather based on latitude and altitude, but instead prefers temperature variables 
that can be set by developers for the sake of dynamics. 

 

2.6. DAY-NIGHT CYCL ES 
 

Day-night cycles might not exactly be a weather element, seeing as it is 
a matter of the sun, the moon and its orbit, the Earth and its axial 
rotation. However, the time of day does affect the temperature, due to 
the intensity of sunlight. Due to various reasons, like the atmosphere, 
the scattering of light and presence of light, the sky may have different 
colors at various parts of the day-night cycle and has different colors at 
the horizon than at the zenith (straight above). For example, the sky 
appears redder at dusk and dawn because the sunlight needs to travel 
further through the atmosphere (an effect called Rayleigh scattering). 
At night, the stars are visible due to the absence of sunlight and clouds 
are more visible during the daytime.  Figure 8: Rayleigh scattering - photonicsworking.org, 2009 
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   CASE STUDY 

  

1 . INTRODUCTION & CONTENTS  

 

In order to showcase the dynamic weather, I made a small example scene of a pine forest with several decorations 
and structures to display the various materials you can work with, as they are affected by the weather. The scene 
features an island with a pine forest, a landscape with different materials, a river and sea, and several stone 
structures, which are great for displaying weather, seasons and day-night cycles. 

On the following pages, I will be explaining which techniques I used to implement the various features into Zephyr, 
taking a closer look at the used materials, particles, post-processing, fog, landscape elements, lighting, blueprints 
and 3D environment.  

Note that Unreal Engine 4 was used to create the Dynamic Weather System, so not all implementations can be used 
in other applications – or they are simply a bit harder to achieve. Some techniques use very specific material nodes 
exclusive to Unreal Engine (e.g. the “SimpleGrassWind” node), so other methods may have to be used in a different 
engine. 

 

1.1. CONTENTS: W EATHER MASTER BL UEPRINT (BP_W EATHER_MASTER) 
 

This blueprint is the “brain” of the Zephyr weather system. This is where various calculations are done to change the 
weather conditions, and where developers can go to change variables in the weather system. 

Variables 

The various variables are organized in a handful of categories: “General” (post processing volume reference and 
weather system speed), “Downfall” (for all things to do with rain and snow), “Wind”, “Climate” (temperature), “Day-
Night Cycle”, “Seasons” and “Fog”. 

Most variables are self-explanatory, or have a tooltip where additional information might be required. For example, 
the “Season” variable ranges from 0 to 4, and determines which season it currently is (starting and ending with 
summer at 0 and 4, 2 is winter etcetera). You can automate weather by enabling the “Seasons Determine Weather” 
variable, and you can change values like the duration of a seasonal cycle (a year). You can change the minimum and 
maximum temperatures of summer and winter with the provided values. Wind and fog are currently not part of the 
automated weather. If the weather is not automated, you can simply edit the values for downfall and temperature. 

You could also pause the entire day-night cycle if you prefer to have a static time of day.  
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Functions 

- SetDownfall: determines the downfall intensity and adapts the rain and snow particle systems. Take note 
that the downfall is automatically adapted towards the “Target Downfall Intensity” value in the Tick event, 
unless the “Downfall Change Speed” value is 0. Also changes the “Downfall Intensity” collection parameter. 

- SetTemperature: determines the temperature and changes the “Frozen” collection parameter. Like the 
downfall intensity, the temperature will be adapted towards the “Target Temperature” variable, unless the 
“Temperature Speed” value is 0. 

- SetFog: adapts the atmospheric fog referenced beneath the “Fog” category in the blueprint details. 
- SetTime: changes the time of day and adapts the sun/moon positions accordingly. The sunlight, skylight 

and the “Daytime” collection parameter are adapted here too. 
- SetSeason: this changes the current season and makes sure that once the “Season” variable reaches 4, it 

wraps back around to 0. The “Autumn” collection parameter is changed here too, which changes the color 
of the leaves in the “GetFoliageColor” material function. 

- AutomateWeather: a function which is only run provided that the “Seasons Determine Weather” variable 
is set to true. Can also be called to change the weather variables once, instead of constantly. 

Inputs 

When the weather master blueprint is added to the world, it still requires a few inputs to function completely. The 
rain and snow particles need to be added to the world and referenced under the “Downfall” category, just like the 
sunlight and skylight need to be referenced under the “Day-Night Cycle” category. In order to adapt your 
atmospheric fog through the weather master, it must be referenced under “Fog”, and the post-processing volume 
can be referenced under the “General” category. The rain, snow and post-processing volume will all be forced to 
follow the camera/player around. 

 

1.2. CONTENTS: W EATHER MATERIAL P ARAMETER COLL ECTION (MPC_GL OBAL_W EATHER) 
 

The “mpc_global_weather” material parameter collection can be found in the “Materials” folder, and contains the 
collection parameters used in several materials and material functions to determine various weather effects. 

- Frozen: whether the terrain should be “frozen” (slightly changes the base color, among other things). This 
parameter goes up to 1 when the temperature is subzero, and back to 0 when the temperature is larger 
than 0°C. 

- Wind Speed: the wind speed, which changes the speed of cloud movement and slightly influences the flow 
of water. 

- Snow Normal: determines the severity of snowfall. The closer it is to 0, the more surfaces are covered in 
snow, provided snow has fallen. 

- Downfall Intensity: is directly adapted from the weather master blueprint’s eponymous variable, and 
referenced for material calculations like the rain ripple overlay. 

- Wetness: how wet the landscape and weather materials are, with 0 being dry and 1 being soaked. The value 
is changed by the weather master depending on how long and how hard it has been raining. The value 
returns to 0 when it has stopped raining. 

- Rain Normal: determines which pixels get puddles when it rains. 
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- Snowfall: determines the amount of snow that has fallen, similar to the wetness parameter. 
- Daytime: a value of -1 denotes nighttime, 0 is either the middle of dawn or dusk, and 1 is daytime. This 

value is always either -1 or 1 outside the transitional periods (dawn/dusk). 
- Autumn: the intensity of the autumnal foliage colors, as determined by the “SetSeason” function inside the 

weather master blueprint. 
- Sea Level: in order to avoid underwater snow or puddles, you can set the coordinate of the sea level on the 

Z-axis. The rain and snow masks are thus black/zero beneath this Z coordinate. Everything below the sea 
level is included in the rain mask, making it look soaking wet. 

- Sea Level Blur: this value determines the transition between sea level and the surface. The sea level value 
is equal to 0 on the sea level mask, while the sea level blur added to the sea level  

- Cloudiness: simply determines the amount of clouds in the cloud material. 
- Wind Direction: determines the direction of the wind (as seen in the clouds and water flow). Red represents 

the X-axis, while green represents the Y-axis. The blue and alpha values don’t have a use. 
- Sun Position: determines where on the skybox the sun and moon are projected (RGB = XYZ). Should be a 

normalized vector. The alpha value is also unused. 

 

1.3. CONTENTS: MATERIAL FUNCTIONS 
 

Zephyr contains several material functions that are used for the various weather materials so that they can be used 
in custom materials, if the provided parent materials don’t offer exactly what you need in your material. Converting 
your own material to a weather material is made easier by the “MakeWeatherMaterial” and “MakeWeather-
MaterialExtended” functions. The latter can come in handy when you are using layered materials that have different 
values (e.g. for wet roughness/specular difference), like with a landscape material. 

- MakeWeatherMaterial: makes a weather material with default settings. This takes a base color, normal 
color and a metalness and roughness value. 

- MakeWeatherMaterialExtended: makes a weather material with several additional settings, should the 
default settings not suffice and you are unable to edit the material parameters. These added settings 
include: overlay tiling (the tiling of snow, rain ripples), wet specular difference, wet roughness difference 
and specular (the default, dry specular). All these values are then referred through to the other material 
functions, which mostly have the prefix “GetWeather”. 

- GetWeatherBaseColor: compiles the base color, starting with the base color that was put in. Here, you can 
choose to enable grayscale or edit the base color parameter, which is multiplied with the input color. 
Afterwards the colors are adapted depending on the presence of a puddle, whether it is freezing or whether 
there is snow. The ripples layer is also added through the calculations in the “GetRainRipples” material 
function, provided that it is effectively raining. 

- GetRipplesLayer: creates a layer of rain ripples using a ripple mask, noise and panner nodes. This can take 
a time offset (to offset the time of the panner node), a UV offset (so multiple rain layers can be combined, 
but they don’t stack up on the same position) and a tiling value for the ripples. 

- GetRainRipples: this material function combines two “GetRipplesLayer” functions to create two layers of 
ripples atop the base color. 

- GetSeaLevelMask: returns the black and white mask that defines which part of the world is beneath or 
above the sea level, based on the “Sea Level” and “Sea Level Blur” material parameter collection. The 
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former value represents the Z value of the sea level, and the latter represents the blur offset, starting at the 
sea level as the bottom, and the blur value is added to the sea level to represent the top of the blur. 

- GetWeatherRoughness: returns the roughness value. The roughness can be changed by the rain wetness, 
or the presence of a puddle. 

- GetWeatherSpecular: returns the specular value. Like the roughness, it can also be changed by rain. 
- GetWeatherNormal: returns the normal value. 
- GetWeatherMetalness: returns the metalness value. Can be changed by the presence of puddles or snow. 
- GetWeatherUV: returns the texture coordinates for the base textures and for the snow texture overlay. 
- GetSnowMask: returns the mask for which pixels contain snow and which pixels don’t in black and white 

value. 
- GetRainMask: similar to the snow mask, this returns the mask for where there are rain puddles. 
- GetFoliageWind: this is used in the foliage material to generate the world position offset for foliage wind. 
- GetFoliageColor: this determines the color of the foliage in the foliage material, using noise. The colors 

change based on location, for a little bit of color variation in the foliage. Additionally, they also change colors 
during autumn. 

Besides these, there are also several material functions used to compile the dynamic skybox material. These material 
functions are “AddCloudsOverlay”, “AddMoon”, “AddStarsOverlay”, “AddSun”, “GetSkyboxColors”, “GetSkybox-
Gradient” and “LerpSkyboxColor”. They are explained in “2.7: Dynamic skybox”. 

 

1.4. CONTENTS: MATERIALS 
 

There are various materials in the “Materials” folder that can be used to create a weather scene with Zephyr. Various 
calculations inside these materials are stored in the previously mentioned material functions. These materials will 
be explained more in depth in section 2: Materials. 

- The master weather material (mat_master_weather) is intended as the parent for most materials which 
react to the weather. Uses the “MakeWeatherMaterial” material function. 

- The foliage material (mat_foliage_weather) is the same as the master weather material, but it makes use 
of the “GetFoliageColor” material function for the base color and the “GetFoliageWind” for the world 
position offset. This is a separate material from the default master weather material for optimization 
purposes. 

- The water material (mat_master_liquid) is a material which uses only one material function, 
GetRainRipples, and is an example of a water material as supported by the Zephyr weather system. The 
water freezes and melts depending on the temperature. Parameters like wave size, flow speed and 
direction can be changed in instances. 

- The skybox material (mat_skybox_weather) is the dynamic skybox that reacts to the day-night cycle. This 
should be placed on a large sphere that is much larger than your scene, and has inverted normals (pointing 
inwards, towards the scene). A suitable metaphor would be that your scene is inside a snow globe, and the 
globe itself is the skysphere. 

- The cloud material (mat_cloud_layer) is a material that is to be placed on flat planes in the sky, preferably 
several planes stacked on top of each other with a bit of space in between. 
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- There are also several example materials, as used in the example scene, and two materials for the rain and 
snow particle systems. 
 

1.5. CONTENTS: PARTICLES 
 

There are particle systems for rain and snow, which both adapt to the weather conditions. These are ideally used in 
combination with the master weather blueprint, which makes the particle systems follow the camera and determine 
whether it rains or snow, as well as change the number of spawned particles according to the downfall intensity. 
The wind speed and wind direction also determine which way the rain and snow blows. Using the sea level mask 
material function, the raindrops and snowflakes also don’t appear beneath the sea level. 

 

1.6. CONTENTS: OTHER  
 

Several other assets are available, but are not complicated enough to have their own topic. 

- bp_weather_skybox (Blueprints): there is a blueprint for a Zephyr-supported skybox, basically being a large 
sphere with inverted normal and the Zephyr skybox material. 

- Textures: there are various textures, and most of them are used in the example scene. The textures that 
are under the “Textures/Important” folder are part of the weather system’s inherent features, like black 
and white masks or textures like the sun and the moon. These may be replaced by custom textures, but 
must not be removed to ensure all Zephyr functions. 

- Materials: like the Textures folder, some of the assets here are crucial to the weather system, and are under 
the “Important” folder. The materials in the “Materials” folder itself are all instances of materials inside the 
“Important” folder. 

- Meshes: some custom meshes made for the example scene. The skybox mesh is crucial to the skybox 
blueprint, and the water mesh may come in handy for your own water. The other meshes are free to be 
used, but do note that some of the textures (found online) may not be free for commercial use. 

- ui_text (UI): an UI made for the example scene, that allows you to quickly test out the various weather 
variables without having to go in to the weather master blueprint. 

- Landscape: there are several landscape-related props in this folder, for the foliage and the landscape in the 
example scene. 

- scene_example (Scenes): This is, of course, the example scene that comes with Zephyr. It is elaborated on 
in 3.1. 
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2. M ATERIALS  

 
There is one master material used for nearly all materials which are normally affected by rain or snow. This master 
material can be used for stone, wood, metal, terrain – basically anything solid, and can be instantiated to tweak 
some values, like custom textures, roughness, specular, and many other values. A separate foliage material is a 
weather material intended specifically for foliage, and includes wind and different foliage colors 
 
Unreal Engine’s material functions were also used so certain calculations can be reused in other materials. For 
example, there is a “GetSnowMask” function that can be called to get a black and white mask of where on the 
material the snow should fall according to the current snowfall and other parameters. 

 

2.1. MASTER MATERIAL:  SNOW  
 

One component of the master weather material is the snow layer. Snow 
appears gradually once it starts to snow, which occurs when the downfall 
intensity is greater than zero and the temperature is lower than 0°C, the 
freezing temperature of water. Once it starts freezing (even when it isn’t 
snowing), the materials become a little bit lighter, as if there’s a soft layer 
of frost on it. 

The snow first appears on the most horizontal surfaces and then slowly 
spreads to more slanted surfaces, an effect that is reached by taking the 
pixel normal (the angle at which each point on the screen is facing according 
to the geometry it belongs to) and comparing it to the vertical Z-axis. 

However, simply comparing it would result in an hard-edged border 
for the snow overlay, so a manual blur was added to smoothen the 
transition between snow, as seen in figure 10. A noise node also 
adds a bit more variation to the snow mask borders. These 
calculations result in a grayscale mask that is used to lerp (linear 
interpolation) between the material’s own textures and the snow 
textures (base texture and 0 metalness override). The mask is 
calculated in the “GetSnowMask” material function; thus, it can be 
reused in other materials. 

 

  

Figure 9: ZEPHYR: DYNAMIC WEATHER SYSTEM – Snowfall 

Figure 10: ZEPHYR: DYNAMIC WEATHER SYSTEM – Snow overlay 

https://docs.unrealengine.com/latest/INT/Engine/Rendering/Materials/Functions/
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2.2. MASTER MATERIAL:  RAIN 
 

The implementation of rain into the master material uses some similar 
techniques to the implementation of snow. 

First of all, the rain calculations have a “GetRainMask” material function 
that is very similar to the “GetSnowMask” function, in that it returns a 
black and white mask and uses the same calculations. The difference is, 
besides the mask’s usage of course, the different values that are put in: 
the rain normal only goes so far that the rain appears on the most 
horizontal surfaces and not so much the slanted ones. 

Of course, the mask is used in different ways, but like the snow mask, it is often used to lerp between certain values. 
The rain mask denotes where wet patches will appear: these have a wet texture overlay and are shinier than the 
rest of the models and landscapes. Besides these wet patches, the materials also get a decrease in roughness and 
an increase in specular intensity, giving them that “wet” look we are looking for. Both the “wet” roughness and 
specular difference are parameters that can be edited in instances of the weather/foliage materials. 

Additionally, a pattern of rain ripples appears on surfaces when it rains, but not on surfaces with pixel normals that 
point down, as these wouldn’t be impacted by raindrops. A combination of noise nodes, a black and white “ripple 
mask” and panner nodes are used to simulate seemingly random rain ripples. These calculations occur in the 
“GetRipplesLayer” material function. The “GetRainRipples” material function combines two ripple layers using this 
material function, which in turn is fed into the “GetWeatherBaseColor” material function. 

 

2.3. FOLIAGE MATERIAL:  WIND 
 

An important factor in making a game world feel alive is actual movement: 
if the player does nothing and the world is still changing, you’re on the right 
track. The “IsFoliage” float value (default 0.0) in the master weather 
material allows developers to denote whether a material should be 
considered as foliage (set IsFoliage to 1.0). Along with the “wind speed” 
collection parameter and the “wind influence” and “wind weight” material 
parameters, this determines how much the vertices of the model using that 
material will react to wind in the scene. 

All the parameters affect the master material’s WorldPositionOffset value, which is mainly steered by Unreal 
Engine’s own “SimpleGrassWind” node, made exactly for the purpose of simulating foliage wind (usage can be seen 
in figure 13). The “wind influence” parameter determines how far the vertices can be offset from its original position 
through the blowing of the wind, while the “wind weight” parameter determines how hard the vertices are affected 
by the wind. Additionally, as snowfall and the “weight” on the foliage increases (because there is snow on top), the 
wind will also have less of an effect. 

Figure 11: ZEPHYR: DYNAMIC WEATHER SYSTEM - RAINFALL 

Figure 12: ZEPHYR: DYNAMIC WEATHER SYSTEM - FOLIAGE 

https://docs.unrealengine.com/latest/INT/Engine/Rendering/Materials/Functions/Reference/WorldPositionOffset/index.html#simplegrasswind
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Figure 13: ZEPHYR: DYNAMIC WEATHER SYSTEM – Foliage wind calculations 

 

2.4. FOLIAGE MATERIAL:  COL OR  
 

Foliage is not only special in that it is affected by wind, but its colors are also affected by the seasons. Foliage also 
has slight color fluctuations according to their position in the world, as determined by 3D noise. Additionally, autumn 
also heavily changes the color of leaves, adding oranges and reds to the usually green color scheme. In order for this 
to work, tree leaves need to have the “IsLeaves” parameter set to 1, while different foliage like grass is not affected 
by autumnal colors (so the IsLeaves value must remain the default 0). 

 

2.5. WATER MATERIAL:  L IQUID FORM 
 

Water, in its liquid form, has many different kinds of possible implementations that are often equally legitimate – 
there is no one way to do it. When it freezes, the water turns into ice by lerping between several values using the 
“frozen” collection parameter. 

The water uses tessellation and sine waves to simulate its waves (see 
image above), along with several parameters to determine the size 
and amplitude, as seen below. The speed and size are also affected 
by the wind speed and the material’s own flow speed parameter. 

The water also flows in a certain direction, which depends on the flow 
speed/direction parameters and the wind speed/direction, although 
the wind has less of an effect on it than the material’s flow 
parameters. Figure 14: ZEPHYR: DYNAMIC WEATHER SYSTEM - Water 
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The water uses screen space reflections and has 1.33 as 
the index of refraction (IOR), which distorts both the 
reflected image and the image behind the water. The 
water also uses a normal map to give an additional 
depth effect on top of the waves themselves. The 
normal also fluctuates by lerping between two different 
normal using a sine wave that uses time to go back and 
forth. 

A “DepthFade” node is used to simulate the water 
becoming less transparent the deeper it gets. Rainfall is also made visible through ripples on the water surface, using 
the “GetRainRipples” material function. 

 

2.6. WATER MATERIAL:  ICE FORM 
 

The frozen form of water, ice, is of course static whereas water is 
constantly moving: ice has no tessellation/waves, moving flow or 
fluctuating normal, but is a static material which uses some ice textures. 
Snow may fall upon the ice. However, the ice still has some similarities to 
water. 

Ice still uses the “DepthFade” node (but it is also more opaque than water), and also uses refraction to distort 
reflections, but this time the IOR is 1.31 instead of 1.33, as specified in the Unreal Engine documentation. 

 

2.7. DYNAMIC SK YBOX 
 

Zephyr uses its own skybox that takes various variables in account. The inner workings of the day-night cycle itself 
are explained in “3.3. Day-night cycle”, and this subtopic is about the skybox material itself. The skybox material uses 
six material functions in order to make the skybox material far easier to navigate. These are combined as follows:  

 

Figure 17: Building up the dynamic skybox with material functions 

Figure 16: ZEPHYR: DYNAMIC WEATHER SYSTEM - Ice 

Figure 15: ZEPHYR: DYNAMIC WEATHER SYSTEM – Water tessellation 

https://docs.unrealengine.com/latest/INT/Engine/Rendering/Materials/HowTo/Refraction/#indexofrefractionorior
https://docs.unrealengine.com/latest/INT/Engine/Rendering/Materials/ExpressionReference/Depth/#depthfade
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1. GetSkyboxColors: this function calculates the three main skybox colors – the color at the top of the 
skysphere, the one at the middle/horizon and the one at the bottom. The colors that it returns depend on 
the time of day: each color has three sub-colors which it may lerp between, namely the day, transition 
(dawn/dusk) and night colors. 

2. GetSkyboxGradient: this function receives the top/middle/bottom colors and combines them into a 
gradient that fills up the skysphere according to the pixel normal. This is what creates the very background 
of the skysphere, with a gradient between the three main colors. 

3. AddStarsOverlay: when it’s night, a starry texture is overlayed over the background. The stars appear 
gradually as night falls, and disappear when the sun rises again. The stars are added over the background, 
so they don’t replace it. This also means that black values do not appear (black has a color value of 0, so 
adding 0 to another color doesn’t change that color). 

4. AddSunOverlay: after the stars, the sun is added as it’s closer to the world than the other stars but further 
than the moon. This function relies on Unreal Engine’s SkyboxImage node, which we supply with a texture 
(of the sun in this case), a vector (a normalized vector that determines at which angle the sun appears on 
the skysphere) and a scale (used to determine the size of the sun). 

5. AddMoonOverlay: the moon is now added using the same techniques as the sun, but this time it’s on the 
opposite side of the skysphere. 

6. AddCloudsOverlay: seeing as clouds can cover up both the sun and the moon, this overlay is added last. A 
subtle layer of clouds appears during daytime, in the same way as the stars do at night. 

 

Figure 18: ZEPHYR: DYNAMIC WEATHER SYSTEM - Skysphere at dusk 
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3. ENVIRONMENT & WE ATHER 

 

The “bp_weather_master” blueprint, a few particle systems and several Unreal Engine functions drive Zephyr to 
look as it does. Here, we will take a deeper look at how various values are calculated, how the example scene was 
built up and what was used to create the weather effects. 

 

3.1 . EXAMPL E SCENE OVERVIEW  
 

There are several objects that should be in your scene if you want to make full 
use of Zephyr’s weather effects. To the right is a list of the objects used in the 
example scene that are vital to getting the full experience of the weather 
system. 

- bp_weather_master: This is where developers go to change weather 
values. Most of the other objects in the list are referenced by the 
weather master, so when creating a blank weather master blueprint, 
make sure to fill in the right values and select the right objects to 
reference. The weather master is also where a big chunk of the magic 
happens: various calculations are done inside, that also determine various values in the 
mpc_global_weather collection. 

- Rain and snow particles: these are the particles that are used for the weather effects. They are referenced 
by the weather master so that they all follow the camera, and that several parameters (such as the wind 
direction and intensity) can be changed. You can either use the example particle systems, or you must 
reference the same parameters in your own particle systems. 

- Cloud layer planes: basic planes using the cloud material, placed high up in the sky to simulate clouds. 
- Sunlight and skylight: this directional light and skylight are used in the day-night cycle. The directional light 

(sunlight) rotates around as the day and night goes on. The sun’s maximal light intensity can be configured 
in the weather master: the sun is at maximum intensity after dawn and before dusk, and is 0 during 
nighttime. You can also determine the minimum and maximum intensity of the skylight in the weather 
master details. 

- Weather skybox: this is the blueprint for Zephyr’s dynamic skybox, which depends on the day-night cycle 
and the weather. This boils down to a sphere mesh with inverted normal (so that it appears to “look” inside, 
as the scene is inside the sphere) with the dynamic skybox material. There is a blueprint available in the 
“Blueprints” folder. 

- Atmospheric fog: this is simply an instance of Unreal Engine’s AtmosphericFog. It is referenced by the 
weather master and its values are changed therein. 

- PostProcessVolume: the post-processing volume is also referenced by the weather master to change 
several post-processing values for different weather (see “3. Post-Processing”). It also follows the camera, 
so the player can never step outside of this post processing volume. 

Figure 19: The objects used by Zephyr  
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The scene itself is built up using several custom made that use various 
materials (instances of the master weather/foliage material and the liquid 
material), and of course the landscape. The landscape material doesn’t 
directly use the master weather material, as landscape materials use a 
different workflow, but this is where the material functions come in 
handy. The landscape material uses the “MakeWeatherMaterial-
Extended” material function to still have the landscape material be 
affected by the various weather effects. 

 

3.2 . SEASONS 
 

The weather master may automate weather through the built-in seasonal cycle function. Its variables can be found 
in the “Seasons” category in the weather master blueprint. 

- Seasons Determine Weather: A true/false value that enables or disables the weather being automated 
according to the current season. 

- Season: The current season. 0 is summer, 1 is autumn, 2 is winter and 3 is spring. The value wraps back 
around to 0 once it reaches 4, which is summer again. All values in between represent the transitions 
between the four seasons. 

- Season Cycle Length In Minutes: The number of minutes that it takes for a year/seasonal cycle to pass 
provided the season cycle speed is set to 1 or -1. 

- Season Cycle Speed: Determines how fast the seasonal cycle goes, can be a negative value. The default 
value is 1. 

- Winter/Summer Temperature Min/Max: Determines the minimum and maximum temperatures at winter 
and summer provided automated weather is enabled. 

- Night Temperature Difference: This determines the difference in automated temperature at night. 
The season is changed in the SetSeason function, which also determines the strength of autumnal foliage colors and 
can be manually called by developers. 

 

3.3. DAY-NIGHT CYCL E 
 

The day-night cycle is made possible by the dynamic skybox (discussed in 2.7), the weather master, a directional 
(sun)light and a skylight. The lights are referenced in the weather master, which controls the time of day in the 
“SetTime” function. The length and speed of the day-night cycle are variables that may be edited, as well as the 
length of a transition (dusk/dawn), the maximum intensity of the sunlight at daytime and the intensity of the skylight 
at both daytime and nighttime. The length of a full day or transition is expressed in seconds, as well as the “time” 
variable. The day-night cycle can be completely paused by setting the “time speed” to 0, or can even be reversed. 
The time of day is set with the SetTime function, which can also be called manually by developers. 

Figure 20: ZEPHYR - DYNAMIC WEATHER SYSTEM: Example scene 
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3.4. CL OUDS 
 

Besides the clouds in the skybox itself, there is a cloud material 
(mat_cloud_layer) that can be used to simulate cloud layers in 
the sky. It is advised to apply this material to multiple planes (with 
normals aimed downwards) stacked on top of each other, with 
enough space in between so that the 3D noise looks different 
enough. The clouds move according to the wind direction and 
wind speed, and their “fullness” depends on the “Cloudiness” 
collection parameter. When it is raining or snowing, the clouds 
also become darker and fuller.  

 

3.5 . POST-P ROCESSING  
 

Several post processing effects are used to help bring over the weather effects. There is a bloom effect that becomes 
more intense at higher temperatures. The white balance shifts so that everything seems to have more of a teal tint 
the colder it is, and an orange tint when it is warm. When it is raining or snowing, everything gets a bit drearier, 
which is accomplished by lowering the overall color saturation.  

  

Figure 21: ZEPHYR: DYNAMIC WEATHER SYSTEM - Rain clouds at 
night 
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   CONCLUSION 

 

The Zephyr Dynamic Weather System was created in an attempt to learn more about simulating weather in games, 
creating a vivid and dynamic game world in the process. Research was done in order to find out how several other 
games handled weather elements and systems, and reference of real-life weather elements was studied to 
accurately recreate it and all its details. 

The implementation of the weather system features various Unreal Engine 4 features: materials, material functions, 
blueprints, particles, physically based rendering, atmospheric fog, lighting and post-processing. It was optimized for 
real-time rendering and the weather can be controlled from the weather master blueprint by developers. The 
blueprint was made as user-friendly as possible, so programmers and artists alike will not find it easy to use. For this 
reason, blueprints were used instead of C++, making it more accessible for artists to change values in the blueprint 
itself where the public variables don’t suffice. 

Weather is an element of game world building that has been around for several decades now, and it will only grow 
more complicated and detailed as technology and game development tools become more advanced, so it is 
definitely an area worth researching. Today, we can already see some extraordinary feats of weather effects in 
games, making game worlds feel more real and alive, and the future promises even greater advances.  Unreal Engine 
4 also promises to stick around for quite some time, with its many elaborate and well-crafted features 

In conclusion, I think it’s fair to say that Zephyr has successfully reached the level of quality that was aimed for. While 
there are currently some features that are still missing or incomplete – like a dynamic downfall chance during 
seasons, lightning storms, audio, improved night lighting, some bug fixes and optimization of existing features – 
Zephyr contains all the features that were intended to be in it. I personally learned a lot about Unreal Engine 4, 
planning, focused working, game weather techniques, and implementing a lot of features in a relatively short time. 
The difficulty for this project was in the workload: the content itself was for the most part not too difficult to 
implement, but there were a lot of features that needed to go in. All in all, I’m quite satisfied with the end result – 
but I might still make some changes before I send it out into the world. 
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