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MUSICA H2O and δD (HDO/H2O) data: 
in-situ, ground-based FTIR, and IASI 

I. The MUSICA strategy for generating global long-
term data with traceable quality 
 

II. FTIR: experiment, processing chain, uncertainty 
estimation, empirical quality documentation  
 

III. IASI: processing, uncertainty, consistency with FTIR 
 

IV. Water vapour isotopologue data: MUSICA and 
beyond 



+ 

MUSICA: 
MUlti-platform remote Sensing of Isotopologues for 

investigating the Cycle of Atmospheric water 

Reference data by 
calibrated in-situ 
observations 

Long-term data from a 
ground-based remote 
sensing network: 

Global coverage 
with space-based 
remote sensing: 

NDACC/FTIR 

METOP/IASI 

Scientific objective: Use the isotopic signals in water vapour for constraining the 

tropospheric moisture pathways and the associated uncertainty in climate models 

(equilibrium sensitivity, Sherwood et al., Nature 2014). 

1st step and focus of MUSICA: Generate high quality observational data (H2O and δD).  

Strategy: Combination of different measurement techniques and platforms.   

Schneider and Hase (2011); Schneider et al. (2012); Wiegele et al. (2014); Barthlott et al. (2014); Schneider et al. (2015); Dyroff et al. (2015) 



FTIR experiments 

FTIR networks: NDACC + TCCON 
 
MUSICA works with a subset of NDACC 
stations. Data are centrally processed. 

Simultaneous observation of absorption signatures of many different trace gases: 

H2O, HDO, O3, N2O, CH4, HNO3, CCl2F2, CCl3F, CHClF2, COF2, ClONO2, 

ClO, NO, NO2, HCl, C2H6, HF, HCN, C2H2, CO, CO2 ,OCS, NH3, COCl2, N2 



Traceable processing chain: measured spectra → retrieval + uncertainty estimation 

MUSICA uses the PROFFIT retrieval code, F. Hase 
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Total number of available water 

vapour profiles: ≈15000  

Spectra submitted by instrument PI 

then centrally processed at KIT 

Representative for twelve globally 

distributed sites: 

NH, SH, polar, mid-laitudes, (sub)-

tropics, land surface, ocean surface, 

lowland, high mountains, etc.  

FTIR H2O: data since mid 90s, … 

http://www.imk-

asf.kit.edu/english/musica 
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FTIR H2O: Vertical Sensitivity & Error estimation 

Within MUSICA the data 

quality is well assessed for 

each individual observation at 

all stations. For more details 

see Schneider et al. (2012), 

Sect. 4.1: „Characterisation of 

product type 1: Optimally 

estimated H2O profiles” 
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High measure-

ment frequency 

is important for 

water vapour, 

because of the 

high variability! 
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One example of an empirical quality documentation of FTIR H2O data 

Example for the MOHAVE 2009 campaign: 



Long-term and network-wide consistency (using CO2, MIR, or O2, NIR) 

→ the NDACC / FTIRs produce long-term datasets with a network-wide consistency  

Barthlott et al. (2014) 



IASI: traceable data processing and error estimation 

For the MUSICA FTIR and IASI retrievals the same retrieval code (PROFFIT, F. Hase) is 
used and the data processing and characterisation is fully traceable and consistent.  



Unique coverage of IASI data 

IASI-A versus –B (coincidence criterion: within 1 hour and within 0.25° x 0.25°) 

Example for a morning overpass on a single day: 

-180 -120 -60 0 60 120 180

-90

-60

-30

0

30

60

90

Morning 140815

0 1 2 3 4 5 6 7 8 9 10 11 12

H
2
O

[mol/mmol]

1000 10000

1000

10000

 retrievals

 apriori

H
2
O

 I
A

S
I-

B
 [
p
p
m

v
]

H
2
O IASI-A [ppmv]

Very good agreement 
between IASI-A and -B! 

Filtered for reasonable 
sensitivity with respect to 
H2O and isotopologues.  

0

5

10

15

20

0.0 0.2 0.4

a
lt
it
u

d
e

 [
k
m

]

typical

kernel



IASI versus ground-based FTIR (H2O): overview 

Wiegele et al., 2014 



Tropospheric moisture transport affects atmospheric circulation (transport of latent heat 
and radiative forcing of clouds and water vapour) and the evolution of clouds, which in 
their turn are major uncertainties in climate models.  
Water vapour isotopologues offer unique possibilities for tracking moisture pathways and 
thus for diagnosing the performance of climate models. 

Field et al. (GRL, 2014): diagnosis opportunities 
of water vapour isotopologues 

Sherwood et al. (Nature, 2014): free 
tropospheric moisture transport pathways 
determine model climate sensitivity 

Upper air water vapour isotopologue data 

In addition, the water vapour isotopologues offer a link to the paleo-climate community: 
Icecore water isotoplogue analyses are a main fundament of paleo-climate research.  



Water vapour isotopologue data: the δD-H2O pairs 

Figures 1 and 2 from Noone (Journal of Climate, 2011): 

Simultaneous  δD-H2O measurements 
reveal atmospheric moisture transport 
pathways. 



Validation of isotopologue data: validate H2O-δD pairs! 
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In situ and remote sensing observations west of the Sahara (at 650 hPa), a validation 
exercise: 

We use the dry convection mixing 
events over the Sahara for validating 
the added value of the isotopologues. 
Example of such event as seen in free 
tropospheric dust concentrations:  

→ The MUSICA remote sensing data can well 
capture different moisture transport pathways. 
→ The remote sensing signals are traced back to 
in-situ standards (MUSICA aircraft campaign!!!). 
 

Schneider et al. (2015); Dyroff et al. (2015); González et al. (2015) 

Mixing lines: drying by 
mixing between humid 
and dry airmass (no 
condensation, δD is 
mainly determined by 
the humid airmass). 

Rayleigh line: drying by 
condensation (vapour 
becomes increasingly 
depleted in HDO) 



Water vapour isotopologue data: some examples 
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FTIR Ny Alesund (80°N), 
record sea ice melt in 2013, 
paper in preparation 
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IASI, February 2014, Tropical Pacific, East –> West moistening largely via rain recycling, 
paper in preparation  

CARIBIC, 15°S-15°N, 10-12km, ice lofting during 
deep convection, Christner et al., in preparation 



IASI, Central Pacific (130°W – 150°E) : South – North Cross Section, 
seasonal variation of the Tropical-Subtropical circulation (Hadley cell), 
paper in preparation. 

February 2014 

August 2014 
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Water vapour isotopologue data: some examples 



IASI, Northern Africa (Sahara desert, 22.5 – 32.5°N): 

Water vapour isotopologue data: morning vs. evening on 140616 
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Pronounced diurnal cycle: 
Dry Convection ! 

IASI, Tropical Africa (20°S – 20°N): 
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Pronounced diurnal cycle:  
In the evening the rain evaporation 
signal is hidden by clouds 

IASI, Tropical Atlantic (20°S – 20°N): 
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Over the ocean there is no 
significant diurnal cycle in the 
δD-H2O distribution. 



Essential climate variables (ECVs) are identified based on the following 
criteria (Bojinski et al., BAMS 2014): 
 
“(1) RELEVANCE: The variable is critical for characterising the climate 
system and its changes.” 
 
“(2) FEASIBILITY: Observing or deriving the variable on a global scale is 
technically feasible using proven, scientifically understood methods.” 
 
“(3) COST EFFECTIVENESS: Generating and archiving data on the variable 
is affordable, mainly relying on coordinated observing systems using 
proven technology, taking advantage where possible of historical 
datasets.”  

δD-H2O 

Water vapour isotopologue data as essential climate variable (ECV)? 



Summary 

- Two international networks with high resolution ground-based FTIRs: 
NDACC + TCCON 

- MUSICA / FTIR: works with NDACC spectra, central processing, traceable 
retrieval and error estimation, many different empirical validation 
exercises 

- MUSICA / IASI: optimal consistency to FTIR retrieval (traceability and 
error estimation), different validation exercises using in-situ or FTIR data, 
cross-validation between IASI-A and -B 

- FTIR and IASI can observe free tropospheric δD-H2O pairs: promising 
opportunities for studying tropospheric moisture transport pathways and 
their evolution in a changing climate 


