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In July 2009, microphysical measurements of orographic fog were performed above a montane cloud forest in
north eastern Taiwan (Chilan mountain site). At this location, orographic fog appears almost every day. The goal
of this work was to study the short term variations of the droplet size distribution (DSD), temperature, and relative
humidity (RH), with a temporal resolution of 3 Hz. The relative humidity was calculated from precise temperature
readings and absolute humidity (AH) measurements, recorded by a temperature sensor with an accuracy of
0.002◦C (Model TR-1050, RBR Ltd.) and an infrared gas analyzer (Model Li-7500, LI-COR Biosciences),
respectively. DSD’s were measured by an optical droplet spectrometer (Model FM100, Droplet Measurement
Technologies). It provides droplet spectra between 2 and 50 µm diameter. The liquid water content (LWC) of the
fog was deduced from the measured DSD’s.

Data showed that orographic fog is composed of various air parcels of different size, RH and DSD. Three
general types of fog parcels have been identified via the recorded DSD’s. DSD-type 1 is characterized by narrow
spectra with maximum concentrations in the smallest size class and a continuous decrease towards greater
diameters, DSD-type 2 represents slightly broader spectra with a plateau or second peak around 10 µm, and
DSD-type 3 exhibits broad spectra with the droplet number concentrations peaking around 15 µm diameter. The
appearance of the three different DSD-types is strongly related to RH and the general evolutional state of the fog.
At the onset of a fog event, DSD’s are largely dominated by small droplets (DSD-type 1). Later on the spectra tend
to become broader, RH shows relative low values, and DSD-type 3 is dominating the DSD’s. A statistical analysis
of the characteristics of these parcels was performed and yielded large variability in persistence, RH, and LWC.
DSD-type 2 showed the shortest durations and can, therefore, be regarded as a transitional state between the other
two DSD-types.
Further, the 3 Hz data revealed an inverse relation between RH and LWC. In principle, this finding can be
explained by the diffusional growth theory for droplets containing soluble or insoluble materials. Droplets with
greater diameters are able to exist at lower ambient RH’s than smaller droplets. If, on the other hand, the large
observed variabilities of both LWC and RH can be explained through these considerations, remains unclear so far.
Likely, local disequilibrium between the fog droplets and the bulk gas phase during turbulent transport is a cause
for the observed effects. More analyses including fog droplet chemistry and dynamic microphysical modeling are
required to further analyze these findings. To our knowledge, this is the first experimental field observation of the
anti-correlation between RH and LWC in fog.


