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Motivation

Water Vapour feedback and variability in the 

lower stratosphere

Climate sensitivity is one of the most important unknowns in climate research. The largest feedback is provided by

tropospheric water vapor. Increased tropospheric water vapor in a warming climate more than doubles the direct

warming effect of anthropogenic greenhouse gases such a CO2. While the tropospheric water vapor feedback is in

general well understood, there remain large uncertainties regarding the water vapor feedback in the upper

troposphere / lower stratosphere. This is mainly due to high sensitivity of atmospheric radiative forcing to changes in

greenhouse gases in the cold tropopause region.

Variability of water vapor transport deep into the stratosphere is closely related to the variability in the strength of

the BDC modulating the stratospheric water vapor entry values (via effects on the tropical tropopause

temperature). The most prominent anomaly exhibit an approximate 2-years periodicity and is caused by the

QBO. Major Stratospheric Warmings (MSW) accelerate polar descent and tropical ascent of the Brewer-Dobson

circulation, thereby influencing stratospheric entry values of water vapor (Tao et al., 2015). El Nino−Southern

Oscillation (ENSO) is another important driver of water vapor variability (Konopka et al., 2016). Wet (dry) and

young (old) tape-recorder anomalies propagate upwards in the months following El Nino (La Nina).

 The QBO-related anomalies are of the order of ~0.3 ppm (Randel et al. 2004)

 SSW-related enhanced upwelling results in a drying at the TTL of up to ∼0.3 ppm (Tao et al., 2015)

 ENSO related anomaly is of the order of -0.1 to -0.2 ppm for La Nina and 0.2 to 0.3 ppm for El Nino

(Konopka et al., 2017).

 Water vapour increase above the tropical tropopause due to feedback: ~ 0.3 ppm/K (Dessler et al., 2013)

with ~ 60 % uncertainty.

Influence of Brewer Dobson variability on water vapour

in the lower stratosphere

Figure 5: Water vapor time series in the tropics (10°S–10°N) at 400 K from CLaMS simulation (black), HALOE (green)

and MLS (red) satellite observations. QBO easterly phases are highlighted by grey shading, SSWs during QBO easterly

phase by red and during QBO westerly phase by blue lines. Figure adapted from Tao et al., 2015
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Influence of Brewer-Dobson circulation on lower stratosphere 

(LS) water vapour    

According to Dessler et al. (2013), the stratospheric water vapour feedback might be as large as +0.3 W/m2K,

and thus provide a significant contribution to the total climate sensitivity. In this study, which is mainly based on

MLS limb observations, about one third of the feedback results from an increase of water vapor entering the deep

stratosphere in a warming climate, two thirds result from an increased influx of water vapor through the

extratropical tropopause into the extratropical lowermost stratosphere. The underlying climate variability captured

by MLS data is dominated by ENSO. In order to improve our knowledge on this feedback, zonally averaged

effects of a warming troposphere have to be disentangled from effects of a changing Brewer-Dobson

circulation, including influences of the quasi-biennial oscillation (QBO) and sudden stratospheric warmings.

In terms of water vapour mixing ratios (ppm), Dessler et al. (2013) quantity the following values for the LS

feedback:

 0.3 ppm/K (10 % / K) in the tropics

 1 ppm/K (10 % / K) at 200 hPa in the extratropical lowermost stratosphere (LMS)

Transport of air from the troposphere deep into the stratosphere occurs mainly in the tropics and is associated

with the ascending branch of the large-scale Brewer-Dobson circulation. The tropical upwelling of air is balanced

by poleward transport and net down-welling (timescale of years) in the extra-tropics. [There is also a fast

(shallow) component of the Brewer-Dobson circulation that connects the tropics with the subtropics in a more

direct manner. The extratropical lowermost stratosphere is strongly influences by large-scale quasi-horizontal

eddy transport from the region of the tropical transition layer (TTL). A sketch of these processes is given in Figure

3 (from Riese et al., 2014).

In the tropics, water vapour is transported int the deep stratosphere in the ascending branch of the BD

circulation. The so-called tropical tape recorder (Mote et al., 1996) demonstrates that the observed annual cycle

of stratospheric water vapour is closely coupled to the annual cycle of tropopause temperatures (cold point).

Figure 4 show the water vapour tape recorder based on MLS observations.

Potential contributions of FORUM   

Figure 6: Enhanced dehydration due to the

major SSWs combined with a higher

frequency of major SSWs after the year

2000 . From Tao et al., 2015.

Why is the UTLS so important ?
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Figure 7: ENSO related tape recorder anomalies.

From Konopka et al., 2016.

Figure 1: (Left) Sensitivity of radiative forcing to changes at the cold tropopause. Shown is the forcing of an 1ppm water

vapour increase as function of altitude. The solid curve represents the total adjusted LW (infrared) forcing. Figure from

Solomon et al., 2010; (Right) Two-dimensional sensitivity functions of radiative forcing for water vapour and ozone. Figure

adapted from Riese et al., 2012.

Stratospheric water vapour feedback 

Figure 2: Difference in water vapour mixing ratios between

two CLaMS simulations for 2003 spanning the range of

uncertainties in atmospheric mixing strength. Large

sensitivity is found in the extratropical lowermost

stratosphere (LMS). In this region, a 10% difference

corresponds to about 1-2 ppmv. Figure from Riese et al.,

2012.

BD circulation and quasi-horizontal eddy transport 

Figure 3: Water vapour transport in the

UTLS. 1: BD circulation, 2: Quasi-horizontal

transport.

Figure 4: Annual cycle of water vapour in the

tropics (tape recorder)

An influence of tropospheric temperature anomalies on LMS water vapour was found by Dessler et al. (2013)

by regressing MLS water vapour anomalies against extratropical temperature anamalies (Figure 8). However,

the large scatter gives rise to major uncertrainties. Overall, the factors dominating LMS water vapour are not

as well understood as for the tropical LS. LMS water vapour is influenced by the annual cycle of water vapour

with a maximum in the monsoon season. Enhanced water vapour propagates from the subtropics into extra-

tropical lowermost stratosphere (LMS) (see Figure 3) mainly as a result of horizontal eddy transport (horizontal

tape recoder). The inter.annual variability of this process is not yet well characterized.

Variability of water vapour in the extratropical LMS.

Figure 9: Annual cycle of MLS water vapour 

at 390 K. Figure of Ploeger et al., 2013.

To analyse vater vapour variability in the lower stratosphere zonally averaged (monthly mean) values could be

used. The horizontal sampling distance of FORUM shall be smaller than 100 km (threshold). This corresponds

to about 9000 profiles per month (assuming one calibartion after 5 atmospheric measurements) in a latitudinal

band of 100. For a vertical layering of about 3 km, the precision of single water vapour profiles is of the order of

20 to 30% in the lower stratosphere. For monthly mean values (100 zonal averages) this improves to values

below 0.5% (factor 100). The data should therefore be well suited to analyse water vapour variability on annual

and inter-annual time scales (QBO, ENSO). In addition, FORUM will extend the Stratospheric Water and

OzOne Satellite Homogenized (SWOOSH) data set by NOAA, a merged record taken by a number of limb

sounding and solar occultation satellites over the previous ~30 years (SAGE-II/III, UARS HALOE, UARS MLS,

and Aura MLS). This will provide further inside into the long-term stratospheric water vapour feedback.

Figure 8: Scatter plot of MLS monthly averages (30 to

900N, 200 hPa) vs. corresponding MERRA 500 hPa

temperatures. From Dessler et al., 2013.


