
Why does rain fall unevenly over a local region? 
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Rainfall occurs unevenly over a local region due to several factors that create variations in 

atmospheric conditions over short distances. These can cause moisture to condense and fall as 

precipitation in some places but not others.  

Topography and the orographic effect 

Mountains and hills are one of the most significant causes of uneven local rainfall. 

• Forced uplift: When moisture-laden wind encounters a mountain range, the air is forced 

to rise. 

• Cooling and condensation: As the air ascends, it cools and expands. Cold air can hold less 

moisture, so the water vapor condenses into clouds and falls as rain on the side of the 

mountain facing the wind (the windward side). 

• Rain shadow: After passing over the peak, the air descends on the other side (the 

leeward side). As it falls, it warms up, and its moisture capacity increases. This 

suppresses cloud formation and leaves the leeward side in a dry "rain shadow". This is 

why a place like Seattle, on the windward side of the Cascade Mountains, is known for 

its rain, while eastern Washington is much drier.  

Urban heat islands 

Cities can create their own weather patterns due to the "urban heat island" effect. 

• Heat absorption: Concrete, asphalt, and other urban surfaces absorb and retain more 

heat than natural landscapes. 

• Moisture lift: This warmth heats the air above the city, causing it to rise. If the air is 

moist, this upward motion can increase the intensity of thunderstorms and showers over 

and downwind of the urban area. 

• Pollution particles: Urban pollution also plays a role by providing additional cloud 

condensation nuclei, which can promote cloud formation and rainfall.  

Wind and cloud movement 

The movement of air and clouds can cause rain to fall in distinct, localized areas. 



• Storm track variation: It is rare for a storm to cover an entire city with the same intensity. 

Some storms may "clip" the edge of a town, while others follow a different path and 

miss it completely. 

• Updrafts and downdrafts: Not all parts of a storm cloud produce rain. Some areas within 

a storm have updrafts, where moist air is rising, while others have downdrafts, where 

rain is falling. You can be under the cloud but still be in a "dry spot". 

• Cloudbursts: Sometimes, rain can fall suddenly and intensely in a very small area, known 

as a cloudburst. This is a dramatic example of how localized rainfall can be.  

Convectional rainfall 

This type of rainfall, common in tropical regions, relies on a highly localized process. 

• Ground heating: The sun heats the ground, which in turn heats the air directly above it. 

• Rising air columns: The warm, moist air rises rapidly in narrow columns. 

• Localized showers: This creates intense, but highly localized, thunderstorms and heavy 

rainfall in specific spots.  

The "Virga" effect 

In some cases, rain falls from the cloud but evaporates before it ever reaches the ground.  

• Dry air: This phenomenon, called virga, occurs when the air below the cloud is very dry. 

• Local differences: Depending on the local humidity, some rain may make it to the 

surface, while the rest evaporates just yards away. This can create a distinct boundary 

between a rainy area and a dry one.  


