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Stratus and stratocumulus clouds are the two most common genera of low stratiform cloud. 6 

They often occur under fair weather conditions, and in this way they are distinct from a third low 7 

stratiform low cloud type called nimbostratus. However, stratus and stratocumulus also 8 

commonly occur during periods of disturbed flow, where they likely coexist with clouds at other 9 

levels. In stratocumulus, the cloud layer is comprised of a multitude of individual convective 10 

elements giving the layer a lumpy morphology. Stratus, in contrast, is typically more featureless 11 

than stratocumulus because of a lack of active convective elements. The layering in both stratus 12 

and stratocumulus is commonly supported by a capping inversion immediately above the cloud 13 

top. The inversion can sometimes be strong and is often only a few meters to tens of meters 14 

thick. Both stratus and stratocumulus clouds are usually contained in the atmospheric boundary 15 

layer. 16 

Stratocumulus is the most common cloud type globally (Warren et al. 1986, 1988), covering 17 

approximately one-fifth of Earth’s surface in the annual mean (23% of the ocean surface and 18 

12% of the land surface). Stratus clouds cover roughly 10% of the Earth’s surface (12% of the 19 

ocean surface and 5% of the land). Because stratus and stratocumulus clouds are so common and 20 

because they strongly reflect incoming solar radiation these clouds are important for Earth’s 21 

radiative balance.  22 



Stratocumulus commonly occurs under conditions of large-scale subsidence and strong 23 

lower-tropospheric static stability. In the subtropics and tropics, they tend to occur in semi-24 

permanent sheets over the cold eastern ocean basins under the downward branches of the Hadley 25 

and Walker circulations (Fig. 1b). In midlatitudes, stratocumulus sheets tend to be more transient 26 

and are typically associated with transient ridges in passing planetary waves, and in winter they 27 

commonly form in offshore or polar cold-air outbreaks.  28 

Like stratocumulus, stratus clouds also tend to form under conditions of large scale 29 

subsidence and strong static stability. Whereas stratocumulus dynamics are primarily driven by 30 

convective instability caused by cloud-top thermal infrared radiative cooling, stratus tends to be 31 

free of convective overturning and so is typically associated with a stable temperature profile in 32 

the boundary layer. This might be caused by warm air passing over a cold ocean (warm 33 

advection), which can lead to condensation without the need for convective overturning. This 34 

can lead to the formation of fog (a cloud genera distinct from stratus and stratocumulus), but 35 

wind-driven mixing can elevate the base of the fog layer, leading to stratus. Stratus associated 36 

with warm advection is most common over the storm track regions of the Atlantic, Pacific and 37 

Southern Oceans, where it can exist 20-30% of the time in both summer and winter months (Fig. 38 

1a). Over land, stratus is fairly uncommon and is concentrated in regions influenced by 39 

extratropical storm tracks. Stratus is also uncommon over the warm tropical and subtropical 40 

ocean, but is more common over the cold subtropical oceans (Fig. 1a). However, in these regions 41 

cold advection and strong thermal infrared cloud top cooling under a dry free-troposphere often 42 

tends to transform stratus clouds into stratocumulus by encouraging convective instability.  43 



STRUCTURE	44 

Stratocumulus clouds are typically 200-400 m thick and usually occur at the top of the 45 

boundary layer below a thermal inversion. Such a remarkably narrow range of thickness for a 46 

cloud that can extend practically unbroken for a thousand kilometers may appear to be a paradox, 47 

but strong negative feedbacks exist to maintain cloud thickness. First, thicker clouds produce 48 

drizzle, which can act to reduce condensate and serve as a negative feedback on thickness. 49 

Second, and likely the most important in cloud layers without drizzle, cloud thickness is limited 50 

by the entrainment of dry, warm air from the free troposphere. Cloud top entrainment in 51 

stratocumulus is strongly aided by the evaporation of cloud water into a thin layer just above 52 

cloud, which cools the air parcels in the mixing region, making them sufficiently negatively 53 

buoyant to sink into the cloud layer. Thicker stratocumuli have more cloud-top condensate than 54 

thinner ones, so that the strength of cloud top entrainment increases with stratocumulus cloud 55 

thickness. Cloud top entrainment mixes in warm, dry air into the boundary layer, raising the 56 

cloud base and thereby thinning the cloud layer. The condensate-entrainment connection also 57 

serves as a strong negative feedback on stratocumulus cloud thickness. 58 

Stratocumulus top heights are typically 500-2000 m over most the Earth. Stratus is often 59 

confined to closer to the surface, but can exist at many levels often in conjunction with more 60 

vertically extensive cloud systems such as warm fronts and mesoscale convective systems (often 61 

as stratus fractus). Stratocumulus clouds can exist within both well-mixed and intermittently-62 

coupled boundary layers. Stratocumulus clouds help to keep the cloud layer relatively well-63 

mixed, but as the boundary layer becomes deeper, the cloud layer frequently becomes 64 

disconnected from the surface mixed layer. Coupling of the stratocumulus and surface layers in 65 

this case is intermittent and is provided by patches of cumulus clouds that originate at the top of 66 



the surface mixed layer and in many cases reach up into the stratocumulus deck. Stratocumulus 67 

in coupled, well-mixed boundary layers tends to be more horizontally homogeneous than that in 68 

intermittently-coupled boundary layers, where stratocumulus tends to exist in patchy regions 69 

surrounding the regions of cumulus coupling. Stratus clouds tend to only exist within thermally 70 

stratified layers, sometimes as the result of large-scale ascent associated with midlatitude 71 

cyclones or orography.  72 

Most stratocumulus contain liquid condensate, but ice can also be present when the cloud 73 

top temperature is sufficiently supercooled. It is unlikely that completely glaciated stratocumulus 74 

clouds can produce sufficient turbulence to maintain the cloud against precipitation losses. 75 

Observations of low, stratiform clouds in the Arctic suggest that most contain liquid water even 76 

at temperatures well below freezing. In general, liquid water increases upward from cloud base 77 

and usually maximizes near cloud top, consistent with what one would expect to occur in a well-78 

mixed layer where water mixing ratio is constant and temperature decreases with height. The 79 

turbulent eddies in stratocumulus layers are initiated by cloud top longwave cooling but are 80 

strengthened by latent heat release in updrafts and evaporative cooling in downdrafts. The 81 

distribution of vertical wind speed is negatively skewed near cloud top, with strong downdrafts 82 

and relatively weak updrafts, but the eddies become more symmetric further down in the cloud 83 

layer. The strongest vertical winds are usually found near the top of the cloud layer. Typically, 84 

updraft speeds in stratocumulus are 0.1-1 m s-1, but are weaker in stratus clouds, where shear-85 

generated turbulence may produce small-scale, weak eddies that can drive a degree of 86 

overturning.  87 

The tops of stratocumulus clouds are typically flatter than the bases. This is particularly 88 

true under conditions of large-scale subsidence where time has been allowed to develop a strong 89 



thermal inversion atop the clouds that acts to suppress the vertical extent of the cloud tops. Over 90 

land, both cloud bases and tops can exhibit comparable variability Stratus clouds also often have 91 

flat tops and relatively flat bases. 92 

 Stratocumulus clouds exhibit horizontal structure on the scale of the largest turbulent 93 

eddies. This is most strikingly seen with the naked eye or in photography of cloud tops and 94 

bases, which show clear hummock structures on scales of a few hundred meters. Visible satellite 95 

imagery (e.g. Fig. 2) indicates, however, that stratocumulus cloud fields also exhibit a significant 96 

degree of structure and organization on scales of tens of kilometers, i.e. on mesoscale-beta and -97 

gamma scales. Stratocumulus clouds over oceans tend to organize into one of two common 98 

forms: closed and open mesoscale cellular convection (Atkinson and Zhang 1996). The cells 99 

vary in horizontal scale but tend to be 5-50 km in size, with the primary determinant of cell size 100 

being the depth of the stratocumulus-topped boundary layer in which they exist (Wood and 101 

Hartmann 2006). Although the theory for such mesoscale organization is not complete, it is clear 102 

that diabatic effects and their effects on boundary layer turbulence are the primary drivers 103 

leading to an upscaling of turbulent kinetic energy from the large eddy scale to the mesoscale. 104 

Stratus clouds do not generate their own mesoscale variability, but may exhibit such variability if 105 

it is imposed by the large scale flow.   106 

FORMATION,	MAINTENANCE	AND	TRANSFORMATION	107 

The formation of stratus and stratocumulus can take place from a cooled or moistened 108 

clear sky. Stratocumulus can emerge from the transition of another cloud type, most commonly 109 

cumulus and stratus. From the clear sky, longwave cooling drives the clear boundary layer 110 

toward condensation. Condensation will typically first occur in a thin layer near the top of the 111 

boundary layer. This cloud is initially stratus because it likely contains little convective 112 



instability. But quickly the cloud layer typically grows sufficiently thick to become strongly 113 

emissive in the thermal infrared, so that radiative cooling becomes increasingly concentrated in a 114 

thin layer near cloud top. This cooling drives the typical form of “top down” convection 115 

commonly found in marine stratocumulus. Over land, surface fluxes are often strong enough to 116 

compete with cloud-top cooling, and so turbulence in continental stratocumulus tends to be more 117 

strongly surface-driven than is the case over oceans.  118 

Stratus clouds, in addition to being formed by radiative cooling of a moist clear layer, can 119 

be formed by lifting of moist airmasses in regions adjacent to fronts or over orography, and by 120 

warm advection of a moist layer over a cold surface.  Because thermal infrared absorption from 121 

liquid water is so efficient, many stratus clouds are unstable because, as the cooling strengthens, 122 

condensate builds up, cloud top cooling strengthens, and the layer becomes increasingly 123 

susceptible to convective overturning (hence stratocumulus formation). In this way, stratus 124 

clouds can be seen as highly transient in nature, the thermodynamics favorable for their existence 125 

only existing in fleeting pulses. The resulting stratocumuli tend to be a more robust cloud 126 

system. On the other hand, stratocumulus can form as the result of the spreading of shallow 127 

cumulus clouds. Unusual over the ocean, this occurs quite frequently over extratropical land 128 

areas. For this to occur, the cumuli need to be strongly-capped by a thermal inversion, but 129 

surface driving needs to be sufficiently strong.  130 

 Stratocumulus cloud layers are maintained by an energetic balance between radiative 131 

cooling and surface and cloud top entrainment warming, and a moisture balance between surface 132 

moisture fluxes and drying from cloud top entrainment. Precipitation, when present, can affect 133 

both energy and moisture budgets in sometimes complex ways.    134 



 Stratocumulus and stratus clouds frequently exhibit strong diurnal variability, primarily 135 

as a result of the daytime absorption of solar radiation near cloud top. This serves to weaken the 136 

overall radiative driving during daytime, which weakens the ability of the stratocumulus to 137 

maintain a well-mixed boundary layer. The suppression of mixing during daytime can help to 138 

decouple the cloud from its surface moisture source, which can result in cloud thinning and also 139 

breakup. Observations show that, as a result, stratocumulus clouds are more turbulent, thicker 140 

and contain most condensate at night. Studies show that nighttime stratocumulus can contain 141 

50% more condensate than during the day. The higher nighttime condensate amounts help drive 142 

nighttime precipitation maxima. Typically, as stratocumulus break up during the day they tend to 143 

be replaced by either fair weather cumulus clouds or by a broken stratocumulus deck with 144 

cumulus clouds rising into it. Stratus clouds often dissipate during daytime by direct heating of 145 

the cloud layer by solar absorption and subsequent reduction in relative humidity. 146 

 Just as the diurnal break up of stratocumulus clouds during the day is caused in large part 147 

by the transition from a well-mixed to an intermittently-coupled boundary layer, so too is the 148 

climatological transition from subtropical stratocumulus to tropical trade cumulus. In the latter 149 

case, the transition is driven by increasing surface latent heat flux as the ocean warms below. 150 

This drives stronger entrainment of warm, positively buoyant free-tropospheric air, which 151 

becomes increasingly difficult to mix down through the entire boundary layer. As a result, the 152 

boundary layer transitions from a shallow, well-mixed layer dominated by relatively 153 

homogeneous stratocumulus clouds, to a deeper, intermittently-coupled boundary layer 154 

containing cumulus clouds rising into a layer of stratocumulus. As the transition progresses, the 155 

cumulus clouds become increasingly unable to supply sufficient moisture to the stratocumulus 156 

layer to offset drying from cloud top entrainment. As a result, the stratocumulus layer thins 157 



(Fig. 3) and eventually dissipates completely leaving trade cumulus clouds as the sole clouds in 158 

the boundary layer.  159 

 An alternative fate for well-mixed stratocumulus can occur if sufficient precipitation is 160 

produced to generate evaporatively-driven cold pools. The subcloud cooling of evaporating 161 

drizzle drops, coupled with the dynamic forcing from cold pools undercutting and lifting near-162 

surface air, helps drive locally strengthened regions of ascent that can spawn cumulus clouds that 163 

further enhance precipitation formation. The efficient removal of precipitation from the 164 

stratocumulus layer can result in thinning and dissipation, with the result being mesoscale cell 165 

walls containing thick clouds and cell centers with very thin and broken clouds. This 166 

precipitation-driven transition from closed to open cells can be very sharp in space and time (Fig. 167 

2).  168 

MICROPHYSICAL	PROCESSES	169 

Warm rain formation in stratocumulus first requires the formation of precipitation drop embryos. 170 

These are formed from a small subset of cloud droplets lucky enough to undergo a few 171 

coalescence events. Because the probability of coalescence and the speed at which a droplet falls 172 

both increase strongly with droplet size, the lucky drops can grow rapidly given a sufficient 173 

quantity of cloud droplets to collide with. As they grow, these embryonic drizzle drops begin to 174 

fall because the terminal speed increases rapidly with drop size. The embryos begin to collect 175 

cloud droplets as they fall through the cloud layer (a process termed accretion) and can grow 176 

rapidly to sizes of several hundred micrometers. Precipitation formation in stratocumulus is 177 

strongly dependent upon the availability of condensate in the column (i.e. cloud thickness) and 178 

also upon the ability of the cloud to produce large cloud droplets capable of producing 179 

precipitation embryos.  180 



The concentration of cloud droplets in stratocumulus clouds is determined by the 181 

availability of soluble aerosol particles (most commonly natural and anthropogenic sulfate 182 

aerosols and sea-salt) and by the strength of the updrafts. In stratus, updrafts are particularly 183 

weak, whereas convective elements in stratocumulus tend to produce stronger updrafts that 184 

results in a higher concentration of cloud droplets being formed for a given aerosol population. 185 

The concentration of cloud droplets is particularly important because it strongly impacts the 186 

resulting size of droplets for a given amount of condensate. The impacts of cloud droplet size are 187 

twofold: first, for a given condensate amount, smaller droplets lead have a greater overall surface 188 

area and a higher cloud albedo. Second, because the precipitation process in stratocumulus is 189 

caused by the collision and coalescence of cloud droplets, and because smaller droplets collide 190 

less efficiently than larger drops, the production rate of precipitation embryos is faster in a cloud 191 

with a low cloud droplet concentration and larger droplets. Thus observations indicate that the 192 

rate at which precipitation falls from stratocumulus is quite strongly dependent upon the cloud 193 

droplet concentration. As discussed above, precipitation can exert a significant impact on the 194 

dynamics of stratocumulus clouds, and so it is necessary to consider the impact of aerosol 195 

particles to understand the degree to which stratocumulus clouds precipitate. Satellite radar data 196 

indicate that stratocumulus over remote ocean regions, where the aerosol concentration is 197 

particularly low, precipitate more efficiently than those near the coast. Indeed, over land many 198 

stratocumulus clouds do not precipitate at all. Regardless of the cloud droplet concentration, 199 

stratocumulus clouds thinner than ~200 m do not generate much precipitation.  200 

Mixed-phase stratocumulus and stratus, however, can precipitate via the ice phase. 201 

Because the growth of ice under water-saturated conditions is quite rapid, collision-coalescence 202 

is not necessary for precipitation formation in this case because ice crystals can grow to 203 



precipitation size (~1 mm) by vapor deposition. However, the availability of liquid water can still 204 

influence the precipitation in this case through the riming process: ice crystals collecting cloud 205 

droplets as they fall through the liquid cloud. Precipitation formation in mixed-phase 206 

stratocumulus and stratus remains poorly understood primarily because the production rate of ice 207 

crystals and the heterogeneous nuclei on which they form are not well known.  208 

 Precipitation in stratocumulus is horizontally heterogeneous, with a strong tendency for 209 

precipitation to be sharply concentrated in regions where the clouds are thickest. Precipitation 210 

drops in stratocumulus clouds grow to maximum sizes of ~1 mm, but most are in the range 50-211 

500 micrometers. As such, stratocumulus produce both drizzle (drops smaller than 500 microns) 212 

and, in some circumstances, light rain. Drops smaller than ~300 micrometers usually evaporate 213 

below cloud base; larger ones often survive the fall to the surface. The extent to which 214 

precipitation evaporates or reaches the surface has an important impact on the moisture and 215 

energy budgets of the boundary layer and upon cloud dynamics.  216 

STRATUS	AND	STRATOCUMULUS	CLOUDS	AND	CLIMATE	CHANGE	217 

Because stratus and stratocumulus together are so plentiful, they exert a strong cooling impact on 218 

the climate system by reflecting a large amount of sunlight back to space. It is well understood 219 

that relatively small changes in the coverage of these clouds or the in brightness of the existing 220 

clouds can help to enhance or offset the warming caused by increasing greenhouse gases. 221 

Although consensus across models is still relatively poor, current climate modeling suggests that 222 

stratus and stratocumulus cloud cover will likely decrease slightly in future, thus enhancing 223 

greenhouse warming.    224 



In addition, the anthropogenic impacts of increasing aerosol concentrations may enhance 225 

the albedo of these clouds. These “aerosol indirect effects” are thought to offset anthropogenic 226 

greenhouse warming by as much as 25-50%, but these estimates are highly uncertain.  227 

 228 
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FIGURES	245 

 246 

FIGURE 1: Annual mean cloud amount of (a) stratus; (b) stratocumulus from the volunteer 247 
surface observer dataset of Warren et al. (1986, 1988). Note the different color scales on the 248 
upper and lower panels.  249 
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 254 

FIGURE 2: Visible satellite image from the NASA Moderate Resolution Imaging 255 
Spectroradiometer to the west of South America showing closed and open cell stratocumulus 256 
clouds. A band of stratus clouds is present along the Peruvian coastline. The image scale is 257 
approximately 2000 km across. 258 

 259 



 260 

FIGURE 3: Photograph showing thinning sheet of stratocumulus clouds over the southeastern 261 
Pacific Ocean with penetrating solar rays. 262 
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