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Goals/Motivation

•Put cloud bases used for Digital Aviation Services (DAS) from model 
output in a climatological perspective when needed.

•Help train new forecasters on typical cloud base patterns at each TAF 
site.

• Learn the most likely time period during the day climatologically that 
MVFR and IFR ceilings occur at each site as well as when the lowest 
cloud bases occur. 

• In a case study compare NBM cloud base output to observations from 
ASOS stations during a time period when there are low clouds at the 
TAF sites to see how the NBM performed.



TAF Sites



Data
● Routine observations along with specials were used, so 

data is hourly with the exception of specials.
● KTUS time period 1996-2019.
● KOLS time period 2000-2019.
● KDUG time period 2001-2019.
● Statistics for cloud base height, cloud coverage, and flight 

category were calculated by year, month, season, and hour. 
● Cloud bases are all in feet above ground level (AGL). 
● IFR ceilings are defined as BKN or OVC coverage with cloud 

bases below 1000 ft. MVFR ceilings are defined as BKN or 
OVC coverage with cloud heights above 1000 ft and less 
than or equal to 3000 ft.



Monthly Cloud Base Average

• Lowest cloud base in Dec, highest in June

•Nogales has lowest average cloud bases

• Sharp decline in cloud bases as monsoonal 
moisture moves in. 



Monthly Frequency of MVFR
IFR Ceilings

• IFR/MVFR cigs most common during winter 
months with secondary max during monsoon.

•Outside of winter September is month with 
highest frequency of low clouds and non-VFR.

•Overall non-VFR conditions are rare. 



Monthly Cloud Coverage 
Frequency 

• Seasonality of cloud coverage. Max during the 
monsoon with secondary max in Winter.

•Generally BKN is most common coverage with 
exception of Tucson.



Hourly Cloud Base Average

•Diurnal variability of about 2500 feet.

•Generally lowest cloud bases occur 14Z – 19Z 
(morning to noon). 

•Max in the 23Z – 4Z timeframe (4pm-9pm)

• Slight differences in timeframe of lowest 
clouds between winter and monsoon.



Hourly Frequency of MVFR/IFR 
Ceilings

• Smaller diurnal trend than cloud bases. 

•Most likely to have low clouds/non VFR cigs 
14Z-19Z (7am – 12pm).

•Overall frequencies are very low at each site, 
the highest 6.1% 13Z KOLS.



Hourly Cloud Coverage 
Frequency

•Max during afternoon/evening and minimum 
after midnight into early morning.

•BKN highest occurrence at KDUG and KOLS. 
FEW and BKN have highest occurrence at KTUS.

•OVC does not have as much of a diurnal trend.



Monsoon and Winter Comparison KTUS

• Frequency of OVC coverage higher in winter for every hour, FEW higher for all hours 
during the monsoon.

•Monsoon has higher overall cloud coverage in afternoon/evening than winter.

• During nighttime and early morning hours (6Z-14Z) in winter BKN/OVC ~5% higher than 
FEW/SCT. May be more stratiform clouds during that time frame (An et al 2017).



Monsoon and Winter 
Comparison KTUS

• Cloud bases generally 2000-2500 ft lower during 
winter than monsoon.

• Max of non-VFR and low clouds in late afternoon 
during monsoon.

• During winter most likely to have low clouds in the 
morning through noon.



General Findings

•IFR ceilings have never occurred in May or June for KTUS, in 
May for KOLS, and April-June for KDUG.

•Generally cloud bases are lowest in the early morning to 
mid-morning regardless of the time of year.

•KOLS has a higher frequency of MVFR ceilings than KDUG and 
KTUS, especially in the winter months. 

•During the monsoon cloud coverage is at a maximum during 
the afternoon and early evening, and during winter at a 
maximum in the early morning. 



Google Spreadsheet

•Each spreadsheet has daily and hourly averaged data. The 
spreadsheets can be used to put cloud bases used for Digital 
Aviation Services (DAS) from model output in a climatological 
perspective when needed.

•Can be found on our office’s Google Sites Aviation Page.



Sample Plot Created



Daily Data



Case Study: January 15-18, 2023

•Used hourly ASOS data from all three TAF sites. 

•Downloaded NBM V4.1 cloud base data from the NBM 1D 
Viewer for each TAF site. Forecast initializations run from 
0113 07Z – 0117 19Z.

•Compared the NBM output to the observations from each 
TAF site and also calculated Mean Absolute Error. 

•The time period analyzed was during the passage of a winter 
storm. 

•“Low” cloud bases started around 1/15 16Z.



NBM Forecast Comparison KTUS



NBM Forecast Comparison KOLS



NBM Forecast Comparison KDUG



Forecast Differences KTUS (Obs – NBM)



Mean Absolute Error

KTUS: 2552 ft                        KOLS: 2795 ft                                KDUG: 2903 ft



Summary of NBM Comparison

•Most of the time the NBM forecast cloud bases are too low.

•But they do follow the trend and do ok with timing when the 
lower cloud bases will begin and end.

•For this particular case the NBM had the least amount of 
error at KTUS and most at KDUG.



Future Work

•Add in 2020-2023 data into cloud base climatology.

•Perform more case studies comparing NBM to observations 
during winter and monsoon. 

•Is the NBM more accurate at one particular airport?

•Could aviation partners have a use for the climatology data?


