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Monitoring Ozone Recovery 
× Total ozone record is difficult to use for early detection of O3 

recovery 
× Mid latitude total O3 changes are still not well understood- climate change 

may be the dominant cause. 

× Greenhouse warming likely to produce confusing signals in the 
lower stratosphere. 

× Change in tropical circulation affects ozone trends in tropics and 
transport to middle and high latitudes 

× Upper stratosphere (~40 km) is important for early detection of 
ozone recovery, it has minimal climate change interference.  

×  Variation of O3 recovery rates with altitude and latitude can be 
reliably monitored using the Umkehr technique.  



Long term change in stratospheric ozone 

Å 62,489! ozone column  

Å NOAA middle latitude 

records shows that mean 

TO levels are still 4% 

below 1970s levels 

 (Chlorine, 

volcanic aerosols, solar 

cycle, transport) 
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Vertical profile ozone trends  

Northern vs Southern Hemisphere 

Vertical profile of ozone trends over the northern and southern middle latitudes estimated from ozone 

sonde, Umkehr, SAGE I+II, and SBUV (/2) data for the period of 1979-2004. The trends were estimated 

using regression to an EESC curve and converted to %/decade using the variation of EESC with time in 

the 1980s. The 2ů bars are shown. 

Scientific Assessment of Ozone Depletion 2006, WMO Rep 50, Chapter 3 
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Umkehr data 
× Long historical record (Dobson from 1957 (Arosa), Brewer from 

1984 (Tessaloniki) 

 



òThese òUmkehr Curvesó 

were taken at Oxford 

presumable immediately 

after receiving the letter 

from Dr. Götz suggesting 

that the Umkehr effect 

should be observable. 

They were measured on 

the C wavelengths on 

instrument Db 1. They 

are probably the first 

òUmkehró curve ever 

observed.ó-  G.M.D. 

Dobson  

Walshaw, C. D., ñG.M.B. Dobson ï The man and his work, Planet. Space 

Sci., 37, pp.1485-1507, 1989. 



Dobson ï working horse since 1930s 

Â Measurements of total ozone column by 
Dobson network for over 40  years (16 stations 
at ESRL/GMD + world calibration standard) 

Sir G.M.B. Dobson 

Götz, H. Dütch, C.Mateer, W. 

Komhyr, R. Bojkov, J. DeLuisi, 

B. Evans, D. Quincy, 

G.McConville, and many others 
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Umkehr measurements (Brewer) 

9 9/12/2011 
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Umkehr curves from Dobsons 

9/12/2011 10 



How do we measure ozone in Boulder? 

Dobson and Brewer Umkehr  

× Ground-based 

× UV radiation and ozone absorption 

× Only clear, sunny days 

× Thick layers (~5 km) 

× Up to 50 km 

× Best information is in the stratosphere 

× Inexpensive to operate and (mostly) 

automated 

× Beginning 1978/ Middle of 2006 

 

Ozonesonde 

× Balloon-borne 

× Chemical reactions of air sample 

× Typically taken once a week 

× High resolution (< 100 m) 

× Usually goes as high as 30 km 

× Good way to measure ozone in the 

troposphere and low stratosphere 

× Expensive  (equipment) 

× Beginning 1979 

 

Photos courtesy of the Ozone & Water Vapor Group and NEUBrew network at ESRL/GMD  
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Dobson vs Brewer, Boulder, CO 

×Different wavelengths 

×Wide vs narrow band-passes 

× Polarized zenith sky radiance in Brewer 

×Mark IV Brewer ï NiSO4 filter 

×OOB or Stray light effect 

× Similar ozone profile retrieval algorithm for zenith 
sky measurements single wavelength pair 

× Brewer has shorter record (since Fall 2006) 

9/12/2011 13 
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Umkehr Measuring Instruments 

×Traditional Dobson Umkehr (C-pair, 60°-90° 

SZA) 
 

×Automated Dobson Umkehr (A, C & D pairs, 

60°-90° SZA) 
 

×Brewer Umkehr (8 wavelengths, 70°-90° SZA) 
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Total O3-Normalized Jacobians 
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Umkehr Technique 

×Pair of ls are used to remove extraterrestrial 

and instrumental unknowns 
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×   Since d is usually not known, Umkehr retrievals  

    are done using normalized N values= N(q)-N(qref) 
12 
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Effect of normalization 

× Provides self-calibration, and cancellation of trop aerosol 

effects. 

× Even with C-pair Umkehr, little loss of information 

(except in layer 0+1) by normalizing to 70ę SZA. 

×  reduces observation time substantially  

×At high latitudes, normalization at 77ę SZA may be 

acceptable. 
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Effect of TO correction on Arosa data 
1985-2000, at 74 SZA 1985-2000, at 85 SZA 
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TO correction 

×Helps to reduce noise in data in order to detect 

instrumental shifts 

×Allows to study how stratospheric ozone 

variability impacts on Umkehr measurement (if 

measurement noise is known) 

×Helps to compare ground-based data with other 

platforms (satellites) 


