
Humidity Inversions


Specific humidity, that is, the ratio of the mass of water vapor in the air to the total 
mass of air (water included), usually decreases with height (e.g., Peixoto and Oort 
1992), but periodically layers develop in which humidity increases with height. These 
layers have been coined humidity inversions like layers in which temperature increases 
with height. Humidity inversions have not been widely recognized except to a certain 
extent in the Arctic (Serreze et al. 1995, Tjernström et al. 2004, Gerding et al. 2004, 
Tjernström 2005, Sedlar and Tjernström 2009, Sedlar et al. 2011, Vihma et al. 2011, 
Nygård et al. 2013a). Humidity inversions have also been documented in the Antarctic 
(Tomasi et al. 2006, Nygård et al. 2013b) and also less frequently outside of the polar 
regions (Liu et al. 2002, Roberts et al. 2010, Liu et al. 2010, Jiang et al. 2012).


The increase in specific humidity with height within inversions results in a downward 
flux of humidity, since humidity will flow from high to low quantities. When they are 
near the surface, they would be associated with instances of dew, frost, or fog. In fact, 
Liu et al. (2010) have documented a case of a humidity inversion associated with a fog 
event in Nanjing, China. Frost and fog along with "diamond dust," frozen precipitation 
falling from a clear sky, are also commonplace in the Arctic (Sverdrup 1933, Robinson 
and Ludwig 1966, Andreas et al. 2002) where humidity inversions are also quite 
frequent throughout the year. Humidity inversions have also been observed at or near 
the tops of Arctic stratus (Sedlar and Tjernström 2009, Sedlar et al. 2011, Solomon et 
al. 2011). The downward flux associated with these humidity inversions have been 
hypothesized to provide moisture to maintain the clouds from evaporation from the 
tops of the clouds (Sedlar et al. 2011, Solomon et al. 2011).


To understand these humidity inversions better, I recently undertook an analysis of the 
global climatology of humidity inversions based upon five reanalyses, model-generated 
global climatologies that have been constrained by assimilating surface and upper-
level observations as well as satellite measurements. Humidity inversions are indeed 
quite frequent in the polar regions where inversions appear in 100% of the January and 
July monthly means in a large portion of the Arctic and Antarctic, respectively, in all five 
reanalyses. These two winter months are when humidity inversions are most prevalent 
in these respective regions as was found previously (Devasthale et al. 2012). Also 
consistent with previous findings (Devasthale et al. 2012), Arctic humidity inversions are 
found to be strongest and thickest in summer rather than winter. This coincides with 
when low level clouds are most prevalent, and the vertically-integrated humidity fluxes 
into the Arctic are highest. The annual cycle in Antarctic humidity inversions is small, 
and, similarly, the annual cycle in low level clouds is small.




Humidity inversions are also quite prevalent in the subtropics, particularly the 
subtropical stratus regions over the eastern ocean basins. Subtropical stratus inversions 
are as thick as polar inversions but are higher than their polar counterparts.
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