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1 Purpose of document

This document describes the WFM-DOAS XCO2 and XCH4 data products illustrat-

ing how to use them.

2 Introduction

2.1 The SCIAMACHY instrument

The grating spectrometer SCIAMACHY (SCanning Imaging Absorption spectroM-

eter for Atmospheric CHartographY), which is a multinational (Germany, The

Netherlands, Belgium) contribution to the European environmental satellite

ENVISAT, measures reflected, backscattered and transmitted solar radiation at

moderately high spectral resolution (0.2–1.4 nm) in the spectral region from

214 nm to 2386 nm (Burrows et al., 1990, 1995; Burrows and Chance, 1991;

Bovensmann et al., 1999).

ENVISAT was launched into a sun-synchronous orbit in descending node having

an equator crossing time of 10:00 a.m. local time. SCIAMACHY’s observations

of greenhouse gas overtone absorptions in the near-infrared/shortwave infrared

(NIR/SWIR) solar backscattered spectrum yield the vertical columns of CO2 and

CH4 with high sensitivity down to the Earth’s surface (Buchwitz et al., 2005a).

The instrument scans ± 32◦ across track around the nadir direction resulting in

a swath width of 960 km consisting of single measurements with a horizontal

resolution of typically 60 km across track by 30 km along track each for the

spectral regions used in the XCO2 and XCH4 retrieval.

2.2 The WFM-DOAS retrieval algorithm

The Weighting Function Modified DOAS (WFM-DOAS) algorithm (Buchwitz et al.,

2005a,b; Schneising et al., 2008, 2009, 2011, 2012; Heymann et al., 2012a,b;

Schneising et al., 2013, 2014a,b) is a least-squares method based on scaling

pre-selected atmospheric vertical profiles. The column-averaged dry air mole

fractions of carbon dioxide and methane (denoted XCO2 and XCH4) are obtained

from the vertical column amounts of the greenhouse gases by normalising with

the air column, which can be determined by a simultaneously measured gas

with less variability. The corresponding vertical column amounts are retrieved

using small spectral fitting windows in the near-infrared/shortwave-infrared

(NIR/SWIR) spectral region (1558-1594 nm and 1630-1671 nm, respectively) as

well as the oxygen A-band (755-775 nm).
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Figure 1: Overview of the WFMDv3.9 carbon dioxide data set; shown are column-

averaged dry air mole fractions as a function of latitude and time.

2.3 XCO2

The carbon dioxide mole fractions as a function of latitude and time are shown in

Figure 1 demonstrating the pronounced seasonal cycle in the northern hemisphere

due to the temporally varying imbalance between photosynthesis and respiration

of vegetation and the global steady increase of atmospheric carbon dioxide

primarily caused by the burning of fossil fuels.

From the validations with ground-based Fourier Transform Spectroscopy (FTS)

measurements of the Total Carbon Column Observing Network (TCCON) (Wunch

et al., 2011) and comparisons with the assimilation system CarbonTracker (Peters

et al., 2007) at 10 TCCON sites, namely Sodankylä (Finland), Białystok (Poland),

Karlsruhe (Germany), Orléans (France), Garmisch (Germany), Park Falls (USA),

Lamont (USA), Darwin (Australia), Wollongong (Australia), and Lauder (New

Zealand), realistic error estimates of the satellite data are provided and sum-

marised in Table 1. The relevant parameters for quality assessment are the global

offset which is defined as the mean of the local offsets at the individual sites, the

random error which is the standard deviation of the differences to the reference

using all data combined after subtraction of the respective regional biases, and

the systematic error which is the standard deviation of the local offsets relative

to TCCON or CarbonTracker at the individual sites. The temporal stability is
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Table 1: Validation and comparison results for WFMDv3.9 XCO2 based on single

measurements between January 2003 and April 2012.

SCIA-TCCON SCIA-CT

Global Offset [ppm] 0.9 −0.1

Random Error [ppm] 3.0 3.0

Systematic Error [ppm] 0.57 0.53

Stability [ppm/yr] 0.01 0.04

determined by a linear fit of the differences relative to the reference (using all

data combined after subtraction of the respective regional biases) with time.

Please note, that the random error defined above includes systematic components

and is therefore an upper bound of the actual single measurement precision

characterising the repeatability of the measurements.

2.4 XCH4

The methane mole fractions as a function of latitude and time are shown in

Figure 2. The retrieved methane results show that after years of stability, atmo-

spheric methane has started to rise again in recent years which is consistent with

surface measurements (Rigby et al., 2008; Dlugokencky et al., 2009). Major

methane source regions like the Sichuan Basin in China which is famous for rice

cultivation and the interhemispheric gradient with larger methane concentrations

in the Northern Hemisphere are clearly visible in the data (see Figure 3).

From the validations with ground-based Fourier Transform Spectroscopy (FTS)

measurements of the Total Carbon Column Observing Network (TCCON) (Wunch

et al., 2011) and comparisons with the TM5-4DVAR model (Bergamaschi et al.,

2009, 2010) at the 10 TCCON sites listed above, realistic error estimates of the

satellite data are provided and summarised in Table 2. The relevant parameters for

quality assessment are the global offset which is defined as the mean of the local

offsets at the individual sites, the random error which is the standard deviation of

the differences to the reference using all data combined after subtraction of the

respective regional biases, and the systematic error which is the standard deviation

of the local offsets relative to TCCON or TM5-4DVAR at the individual sites. The

temporal stability is determined by a linear fit of the differences relative to the

reference (using all data combined after subtraction of the respective regional

biases) with time.
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Figure 2: Overview of the long-term global WFMDv3.9 methane data set; shown

are column-averaged dry air mole fractions as a function of latitude and time.

Figure 3: Three years mean (2003–2005) of retrieved SCIAMACHY WFMDv3.9

methane.



PRODUCT USER GUIDE INSTITUTE OF 7
SCIAMACHY WFM-DOAS XCO2 AND XCH4 ENVIRONMENTAL PHYSICS,

ESA CLIMATE CHANGE INITIATIVE (CCI) UNIVERSITY OF BREMEN

Table 2: Validation and comparison results for WFMDv3.9 XCH4 based on single

measurements between beginning of 2003 and end of 2011. Note that the

TCCON validation focuses on the period after the pixel mask change as a

consequence of lack of TCCON measurements before November 2005. For the

TM5 comparison, the values in brackets correspond to the two periods before

and after the pixel mask change at the beginning of November 2005.

SCIA-TCCON SCIA-TM5

Global Offset [ppb] −1 8

Random Error [ppb] 80 66 (34; 81)

Systematic Error [ppb] 6.9 3.7 (2.6; 6.5)

Stability [ppb/yr] 0.17 0.00

Please note, that the random error defined above includes systematic compo-

nents and is therefore an upper bound of the actual single measurement precision

characterising the repeatability of the measurements. The single ground pixel re-

trieval precision derived from averaging daily standard deviations of the retrieved

XCH4 for several locations distributed around the globe provides an estimate

of the single measurement precision of about 30 ppb before and 70 ppb after

the pixel mask change at the beginning of November 2005, which is necessary

because of displacement damage at individual detector pixels induced by high

energy solar protons (Kleipool et al., 2007).

3 Product description

3.1 Product content and format

The CO2-SCIAMACHY-WFMD and CH4-SCIAMACHY-WFMD data products are

stored per day in seperate NetCDF-files (NetCDF-4 classic model). The product

files contain the key products, i.e. the retrieved column-averaged dry air mole

fractions XCO2 or XCH4 and several other useful parameters (see Section 3.5 for

details). Information relevant for the use of the data is also included in the data

file, e.g. the averaging kernels.
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3.2 Data usage

The column-averaged dry air mole fractions of carbon dioxide are stored in the

variable ①❝♦✷ in the NetCDF product files ❊❙❆❈❈■✲●❍●✲▲✷✲❈❖✷✲❙❈■❆▼❆❈❍❨✲

❲❋▼❉✲❨❨❨❨▼▼❉❉✲❢✈✶✳♥❝ (see Section 3.5).

Concerning XCH4 data, please use the variable ①❝❤✹ in the corresponding

product files ❊❙❆❈❈■✲●❍●✲▲✷✲❈❍✹✲❙❈■❆▼❆❈❍❨✲❲❋▼❉✲❨❨❨❨▼▼❉❉✲❢✈✶✳♥❝.

If the data are to be compared with other data for which vertical profile

information is available (e.g. comparison to models), the column averaging

kernels should be applied to the model profiles using the formula

X
mod
=
∑

l

�

Xl

apr
+ AK

l(Xl

mod
− Xl

apr
)
�

w
l (1)

where l is the index of the vertical layer, AK
l the averaging kernel (variables

①❝♦✷❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧ and ①❝❤✹❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧ in NetCDF product

files), Xl

apr
the a-priori mole fraction (variables ❝♦✷❴♣r♦❢✐❧❡❴❛♣r✐♦r✐ and

❝❤✹❴♣r♦❢✐❧❡❴❛♣r✐♦r✐ in product files) and Xl

mod
the simulated mole fraction

of layer l. w
l is the layer dependent pressure weight (variable ♣r❡ss✉r❡❴✇❡✐❣❤t

in product files).

3.3 Tools for Reading the Data

The data are stored in NetCDF format (NetCDF-4 classic model) which can be

read with standard tools in the common programming languages (IDL, Matlab,

Python, Fortran90, C++, etc).

3.4 Known Limitations and Issues

The XCH4 results since November 2005 are considered to be of reduced quality

(in comparison to the earlier results) because the extended-wavelength part

(1590−1770 nm) of SCIAMACHY’s channel 6, covering the methane 2ν3 absorp-

tion band used for the methane retrieval, is subject to irreversible displacement

damage induced by high energy solar protons, which occurs from time to time

at individual detector pixels (Kleipool et al., 2007). Therefore, several affected

detector pixels had to be excluded for the time period since November 2005.
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3.5 Data file content

XCO2

The structure of the Level2 product files ❊❙❆❈❈■✲●❍●✲▲✷✲❈❖✷✲❙❈■❆▼❆❈❍❨✲❲❋▼❉✲

❨❨❨❨▼▼❉❉✲❢✈✶✳♥❝ is summarised in the following:

♥❡t❝❞❢ ❊❙❆❈❈■✲●❍●✲▲✷✲❈❖✷✲❙❈■❆▼❆❈❍❨✲❲❋▼❉✲✷✵✵✼✵✼✵✶✲❢✈✶ ④
❞✐♠❡♥s✐♦♥s✿

s♦✉♥❞✐♥❣❴❞✐♠ ❂ ✶✽✾✸ ❀
❧❡✈❡❧❴❞✐♠ ❂ ✷✶ ❀
❧❛②❡r❴❞✐♠ ❂ ✷✵ ❀
❝♦r♥❡rs❴❞✐♠ ❂ ✹ ❀

✈❛r✐❛❜❧❡s✿
❞♦✉❜❧❡ t✐♠❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

t✐♠❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧t✐♠❡✧ ❀
t✐♠❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧t✐♠❡✧ ❀
t✐♠❡✿✉♥✐ts ❂ ✧s❡❝♦♥❞s s✐♥❝❡ ✶✾✼✵✲✵✶✲✵✶ ✵✵✿✵✵✿✵✵✧ ❀
t✐♠❡✿❝❛❧❡♥❞❛r ❂ ✧st❛♥❞❛r❞✧ ❀

❢❧♦❛t ❧❛t✐t✉❞❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
❧❛t✐t✉❞❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧❧❛t✐t✉❞❡✧ ❀
❧❛t✐t✉❞❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧❧❛t✐t✉❞❡✧ ❀
❧❛t✐t✉❞❡✿✉♥✐ts ❂ ✧❞❡❣r❡❡❴♥♦rt❤✧ ❀
❧❛t✐t✉❞❡✿✈❛❧✐❞❴r❛♥❣❡ ❂ ✲✾✵✳❢✱ ✾✵✳❢ ❀
❧❛t✐t✉❞❡✿❝♦♠♠❡♥t ❂ ✧❈❡♥t❡r ❧❛t✐t✉❞❡ ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥t✧ ❀

❢❧♦❛t ❧♦♥❣✐t✉❞❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
❧♦♥❣✐t✉❞❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧❧♦♥❣✐t✉❞❡✧ ❀
❧♦♥❣✐t✉❞❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧❧♦♥❣✐t✉❞❡✧ ❀
❧♦♥❣✐t✉❞❡✿✉♥✐ts ❂ ✧❞❡❣r❡❡❴❡❛st✧ ❀
❧♦♥❣✐t✉❞❡✿✈❛❧✐❞❴r❛♥❣❡ ❂ ✲✶✽✵✳❢✱ ✶✽✵✳❢ ❀
❧♦♥❣✐t✉❞❡✿❝♦♠♠❡♥t ❂ ✧❈❡♥t❡r ❧♦♥❣✐t✉❞❡ ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥t✧ ❀

❢❧♦❛t s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✧ ❀
s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧s♦❧❛r ③❡♥✐t❤ ❛♥❣❧❡✧ ❀
s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✿✉♥✐ts ❂ ✧❞❡❣r❡❡✧ ❀
s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✿❝♦♠♠❡♥t ❂ ✧❙♦❧❛r ③❡♥✐t❤ ❛♥❣❧❡ ✐s t❤❡ ❛♥❣❧❡ ❜❡t✇❡❡♥ t❤❡ ❧✐♥❡

♦❢ s✐❣❤t t♦ t❤❡ s✉♥ ❛♥❞ t❤❡ ❧♦❝❛❧ ✈❡rt✐❝❛❧✳✧ ❀
❢❧♦❛t s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✧ ❀
s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧s❡♥s♦r ③❡♥✐t❤ ❛♥❣❧❡✧ ❀
s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✿✉♥✐ts ❂ ✧❞❡❣r❡❡✧ ❀
s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✿❝♦♠♠❡♥t ❂ ✧❙❡♥s♦r ③❡♥✐t❤ ❛♥❣❧❡ ✐s t❤❡ ❛♥❣❧❡ ❜❡t✇❡❡♥ t❤❡ ❧✐♥❡

♦❢ s✐❣❤t t♦ t❤❡ s❡♥s♦r ❛♥❞ t❤❡ ❧♦❝❛❧ ✈❡rt✐❝❛❧✳✧ ❀
❢❧♦❛t ①❝♦✷✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

①❝♦✷✿❧♦♥❣❴♥❛♠❡ ❂ ✧❝♦❧✉♠♥✲❛✈❡r❛❣❡❞ ❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♦❢ ❛t♠♦s♣❤❡r✐❝ ❝❛r❜♦♥ ❞✐♦①✐❞❡✧ ❀
①❝♦✷✿✉♥✐ts ❂ ✧✶❡✲✻✧ ❀
①❝♦✷✿❝♦♠♠❡♥t ❂ ✧❘❡tr✐❡✈❡❞ ❝♦❧✉♠♥✲❛✈❡r❛❣❡❞ ❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♦❢ ❛t♠♦s♣❤❡r✐❝

❝❛r❜♦♥ ❞✐♦①✐❞❡ ✭❳❈❖✷✮ ✐♥ ♣♣♠✧ ❀
❢❧♦❛t ①❝♦✷❴✉♥❝❡rt❛✐♥t②✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

①❝♦✷❴✉♥❝❡rt❛✐♥t②✿❧♦♥❣❴♥❛♠❡ ❂ ✧✶✲s✐❣♠❛ ✉♥❝❡rt❛✐♥t② ♦❢ t❤❡ r❡tr✐❡✈❡❞ ❝♦❧✉♠♥✲❛✈❡r❛❣❡❞
❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♦❢ ❛t♠♦s♣❤❡r✐❝ ❝❛r❜♦♥ ❞✐♦①✐❞❡✧ ❀

①❝♦✷❴✉♥❝❡rt❛✐♥t②✿✉♥✐ts ❂ ✧✶❡✲✻✧ ❀
①❝♦✷❴✉♥❝❡rt❛✐♥t②✿❝♦♠♠❡♥t ❂ ✧✶✲s✐❣♠❛ ✉♥❝❡rt❛✐♥t② ♦❢ t❤❡ r❡tr✐❡✈❡❞ ❝♦❧✉♠♥✲❛✈❡r❛❣❡❞

❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♦❢ ❛t♠♦s♣❤❡r✐❝ ❝❛r❜♦♥ ❞✐♦①✐❞❡ ✭❳❈❖✷✮ ✐♥ ♣♣♠✧ ❀
❜②t❡ ①❝♦✷❴q✉❛❧✐t②❴❢❧❛❣✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

①❝♦✷❴q✉❛❧✐t②❴❢❧❛❣✿❧♦♥❣❴♥❛♠❡ ❂ ✧q✉❛❧✐t② ❢❧❛❣✧ ❀
①❝♦✷❴q✉❛❧✐t②❴❢❧❛❣✿❢❧❛❣❴✈❛❧✉❡s ❂ ✵❜✱ ✶❜ ❀
①❝♦✷❴q✉❛❧✐t②❴❢❧❛❣✿❢❧❛❣❴♠❡❛♥✐♥❣s ❂ ✧❣♦♦❞❴q✉❛❧✐t② ♣♦t❡♥t✐❛❧❧②❴❜❛❞❴q✉❛❧✐t②✧ ❀
①❝♦✷❴q✉❛❧✐t②❴❢❧❛❣✿❝♦♠♠❡♥t ❂ ✧✵❂❣♦♦❞✱ ✶❂❜❛❞✧ ❀



PRODUCT USER GUIDE INSTITUTE OF 10
SCIAMACHY WFM-DOAS XCO2 AND XCH4 ENVIRONMENTAL PHYSICS,

ESA CLIMATE CHANGE INITIATIVE (CCI) UNIVERSITY OF BREMEN

❢❧♦❛t ♣r❡ss✉r❡❴❧❡✈❡❧s✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❧❡✈❡❧❴❞✐♠✮ ❀
♣r❡ss✉r❡❴❧❡✈❡❧s✿❧♦♥❣❴♥❛♠❡ ❂ ✧♣r❡ss✉r❡ ❧❡✈❡❧s✧ ❀
♣r❡ss✉r❡❴❧❡✈❡❧s✿✉♥✐ts ❂ ✧❤P❛✧ ❀
♣r❡ss✉r❡❴❧❡✈❡❧s✿❝♦♠♠❡♥t ❂ ✧Pr❡ss✉r❡ ❧❡✈❡❧s ❞❡❢✐♥❡ t❤❡ ❜♦✉♥❞❛r✐❡s ♦❢ t❤❡ ❛✈❡r❛❣✐♥❣

❦❡r♥❡❧ ❛♥❞ ❛ ♣r✐♦r✐ ♣r♦❢✐❧❡ ❧❛②❡rs✳❭♥✧✱
✧▲❡✈❡❧s ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s✉r❢❛❝❡ t♦ t♦♣ ♦❢ ❛t♠♦s♣❤❡r❡✳✧ ❀

❢❧♦❛t ❝♦✷❴♣r♦❢✐❧❡❴❛♣r✐♦r✐✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❧❛②❡r❴❞✐♠✮ ❀
❝♦✷❴♣r♦❢✐❧❡❴❛♣r✐♦r✐✿❧♦♥❣❴♥❛♠❡ ❂ ✧❛ ♣r✐♦r✐ ❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♣r♦❢✐❧❡ ♦❢ ❛t♠♦s♣❤❡r✐❝

❝❛r❜♦♥ ❞✐♦①✐❞❡✧ ❀
❝♦✷❴♣r♦❢✐❧❡❴❛♣r✐♦r✐✿✉♥✐ts ❂ ✧✶❡✲✻✧ ❀
❝♦✷❴♣r♦❢✐❧❡❴❛♣r✐♦r✐✿❝♦♠♠❡♥t ❂ ✧❆ ♣r✐♦r✐ ❞r②✲❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♣r♦❢✐❧❡ ♦❢ ❛t♠♦s♣❤❡r✐❝

❝❛r❜♦♥ ❞✐♦①✐❞❡ ✐♥ ♣♣♠✳❭♥✧✱
✧❆❧❧ ✈❛❧✉❡s r❡♣r❡s❡♥t ❧❛②❡r ❛✈❡r❛❣❡s ✇✐t❤✐♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♣r❡ss✉r❡ ❧❡✈❡❧s✳❭♥✧✱
✧Pr♦❢✐❧❡s ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s✉r❢❛❝❡ t♦ t♦♣ ♦❢ ❛t♠♦s♣❤❡r❡✳✧ ❀

❢❧♦❛t ①❝♦✷❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❧❛②❡r❴❞✐♠✮ ❀
①❝♦✷❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧✿❧♦♥❣❴♥❛♠❡ ❂ ✧①❝♦✷ ❛✈❡r❛❣✐♥❣ ❦❡r♥❡❧✧ ❀
①❝♦✷❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧✿✉♥✐ts ❂ ✧✶✧ ❀
①❝♦✷❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧✿❝♦♠♠❡♥t ❂ ✧❘❡♣r❡s❡♥ts t❤❡ ❛❧t✐t✉❞❡ s❡♥s✐t✐✈✐t② ♦❢ t❤❡ r❡tr✐❡✈❛❧ ❛s

❛ ❢✉♥❝t✐♦♥ ♦❢ ♣r❡ss✉r❡✳❭♥✧✱
✧❆❧❧ ✈❛❧✉❡s r❡♣r❡s❡♥t ❧❛②❡r ❛✈❡r❛❣❡s ✇✐t❤✐♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♣r❡ss✉r❡ ❧❡✈❡❧s✳❭♥✧✱
✧Pr♦❢✐❧❡s ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s✉r❢❛❝❡ t♦ t♦♣ ♦❢ ❛t♠♦s♣❤❡r❡✳✧ ❀

❢❧♦❛t ♣r❡ss✉r❡❴✇❡✐❣❤t✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❧❛②❡r❴❞✐♠✮ ❀
♣r❡ss✉r❡❴✇❡✐❣❤t✿❧♦♥❣❴♥❛♠❡ ❂ ✧♣r❡ss✉r❡ ✇❡✐❣❤t✧ ❀
♣r❡ss✉r❡❴✇❡✐❣❤t✿✉♥✐ts ❂ ✧✶✧ ❀
♣r❡ss✉r❡❴✇❡✐❣❤t✿❝♦♠♠❡♥t ❂ ✧▲❛②❡r ❞❡♣❡♥❞❡♥t ✇❡✐❣❤ts ♥❡❡❞❡❞ t♦ ❛♣♣❧② t❤❡ ❛✈❡r❛❣✐♥❣ ❦❡r♥❡❧s✳✧ ❀

✐♥t✻✹ ♦r❜✐t❴♥✉♠❜❡r✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
♦r❜✐t❴♥✉♠❜❡r✿❧♦♥❣❴♥❛♠❡ ❂ ✧♦r❜✐t ♥✉♠❜❡r✧ ❀
♦r❜✐t❴♥✉♠❜❡r✿✉♥✐ts ❂ ✧✶✧ ❀
♦r❜✐t❴♥✉♠❜❡r✿❝♦♠♠❡♥t ❂ ✧❖r❜✐t ♥✉♠❜❡r✧ ❀

s❤♦rt s❝❡♥❡❴♥✉♠❜❡r✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
s❝❡♥❡❴♥✉♠❜❡r✿❧♦♥❣❴♥❛♠❡ ❂ ✧❣r♦✉♥❞ s❝❡♥❡ ♥✉♠❜❡r✧ ❀
s❝❡♥❡❴♥✉♠❜❡r✿✉♥✐ts ❂ ✧✶✧ ❀
s❝❡♥❡❴♥✉♠❜❡r✿❝♦♠♠❡♥t ❂ ✧●r♦✉♥❞ s❝❡♥❡ ♥✉♠❜❡r ✭♣❡r ♦r❜✐t✮✧ ❀

s❤♦rt st❛t❡❴♥✉♠❜❡r✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
st❛t❡❴♥✉♠❜❡r✿❧♦♥❣❴♥❛♠❡ ❂ ✧st❛t❡ ♥✉♠❜❡r✧ ❀
st❛t❡❴♥✉♠❜❡r✿✉♥✐ts ❂ ✧✶✧ ❀
st❛t❡❴♥✉♠❜❡r✿❝♦♠♠❡♥t ❂ ✧❙t❛t❡ ♥✉♠❜❡r ✭♣❡r ♦r❜✐t✮✧ ❀

❢❧♦❛t ❧❛t✐t✉❞❡❴❝♦r♥❡rs✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❝♦r♥❡rs❴❞✐♠✮ ❀
❧❛t✐t✉❞❡❴❝♦r♥❡rs✿❧♦♥❣❴♥❛♠❡ ❂ ✧❝♦r♥❡r ❧❛t✐t✉❞❡s✧ ❀
❧❛t✐t✉❞❡❴❝♦r♥❡rs✿✉♥✐ts ❂ ✧❞❡❣r❡❡❴♥♦rt❤✧ ❀
❧❛t✐t✉❞❡❴❝♦r♥❡rs✿✈❛❧✐❞❴r❛♥❣❡ ❂ ✲✾✵✳❢✱ ✾✵✳❢ ❀
❧❛t✐t✉❞❡❴❝♦r♥❡rs✿❝♦♠♠❡♥t ❂ ✧❈♦r♥❡r ❧❛t✐t✉❞❡s ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥t✧ ❀

❢❧♦❛t ❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❝♦r♥❡rs❴❞✐♠✮ ❀
❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✿❧♦♥❣❴♥❛♠❡ ❂ ✧❝♦r♥❡r ❧♦♥❣✐t✉❞❡s✧ ❀
❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✿✉♥✐ts ❂ ✧❞❡❣r❡❡❴❡❛st✧ ❀
❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✿✈❛❧✐❞❴r❛♥❣❡ ❂ ✲✶✽✵✳❢✱ ✶✽✵✳❢ ❀
❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✿❝♦♠♠❡♥t ❂ ✧❈♦r♥❡r ❧♦♥❣✐t✉❞❡s ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥t✧ ❀

❢❧♦❛t ❛❧t✐t✉❞❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
❛❧t✐t✉❞❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧❛❧t✐t✉❞❡✧ ❀
❛❧t✐t✉❞❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧❛❧t✐t✉❞❡✧ ❀
❛❧t✐t✉❞❡✿✉♥✐ts ❂ ✧♠✧ ❀
❛❧t✐t✉❞❡✿❝♦♠♠❡♥t ❂ ✧❆✈❡r❛❣❡ s✉r❢❛❝❡ ❛❧t✐t✉❞❡✧ ❀

❢❧♦❛t ❤✷♦❴❝♦❧✉♠♥✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
❤✷♦❴❝♦❧✉♠♥✿❧♦♥❣❴♥❛♠❡ ❂ ✧✈❡rt✐❝❛❧ ❝♦❧✉♠♥ ♦❢ ✇❛t❡r ✈❛♣♦✉r✧ ❀
❤✷♦❴❝♦❧✉♠♥✿✉♥✐ts ❂ ✧❣ ❝♠✲✷✧ ❀
❤✷♦❴❝♦❧✉♠♥✿❝♦♠♠❡♥t ❂ ✧❘❡tr✐❡✈❡❞ ✈❡rt✐❝❛❧ ❝♦❧✉♠♥ ❛♠♦✉♥t ♦❢ ✇❛t❡r ✈❛♣♦✉r✧ ❀

❢❧♦❛t s✉r❢❛❝❡❴❛❧❜❡❞♦❴✼✺✵♥♠✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
s✉r❢❛❝❡❴❛❧❜❡❞♦❴✼✺✵♥♠✿❧♦♥❣❴♥❛♠❡ ❂ ✧s✉r❢❛❝❡ ❛❧❜❡❞♦ ❛t ✼✺✵♥♠✧ ❀
s✉r❢❛❝❡❴❛❧❜❡❞♦❴✼✺✵♥♠✿✉♥✐ts ❂ ✧✶✧ ❀
s✉r❢❛❝❡❴❛❧❜❡❞♦❴✼✺✵♥♠✿❝♦♠♠❡♥t ❂ ✧❘❡tr✐❡✈❡❞ s✉r❢❛❝❡ ❛❧❜❡❞♦ ❛t ✼✺✵♥♠✧ ❀



PRODUCT USER GUIDE INSTITUTE OF 11
SCIAMACHY WFM-DOAS XCO2 AND XCH4 ENVIRONMENTAL PHYSICS,
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❢❧♦❛t s✉r❢❛❝❡❴❛❧❜❡❞♦❴✶✺✻✵♥♠✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
s✉r❢❛❝❡❴❛❧❜❡❞♦❴✶✺✻✵♥♠✿❧♦♥❣❴♥❛♠❡ ❂ ✧s✉r❢❛❝❡ ❛❧❜❡❞♦ ❛t ✶✺✻✵♥♠✧ ❀
s✉r❢❛❝❡❴❛❧❜❡❞♦❴✶✺✻✵♥♠✿✉♥✐ts ❂ ✧✶✧ ❀
s✉r❢❛❝❡❴❛❧❜❡❞♦❴✶✺✻✵♥♠✿❝♦♠♠❡♥t ❂ ✧❘❡tr✐❡✈❡❞ s✉r❢❛❝❡ ❛❧❜❡❞♦ ❛t ✶✺✻✵♥♠✧ ❀

✴✴ ❣❧♦❜❛❧ ❛ttr✐❜✉t❡s✿
✿t✐t❧❡ ❂ ✧❊❙❆ ❈❈■ ❙❈■❆▼❆❈❍❨ ❲❋▼❉ ❳❈❖✷✧ ❀
✿✐♥st✐t✉t✐♦♥ ❂ ✧❯♥✐✈❡rs✐t② ♦❢ ❇r❡♠❡♥✧ ❀
✿s♦✉r❝❡ ❂ ✧❙❈■❆▼❆❈❍❨ ▲✶❇ ✈❡rs✐♦♥ ✼✳①① ✭❝♦♥s♦❧✐❞❛t✐♦♥ ❲✮✧ ❀
✿❤✐st♦r② ❂ ✧✷✵✶✺ ✲ ♣r♦❞✉❝t ❣❡♥❡r❛t❡❞ ✇✐t❤ ❲❋▼❉✧ ❀
✿r❡❢❡r❡♥❝❡s ❂ ✧❤tt♣✿✴✴✇✇✇✳❡s❛✲❣❤❣✲❝❝✐✳♦r❣✴❭♥✧✱

✧❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✺✶✾✹✴❛❝♣✲✶✶✲✷✽✻✸✲✷✵✶✶❭♥✧✱
✧❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✺✶✾✹✴❛❝♣✲✶✸✲✷✹✹✺✲✷✵✶✸❭♥✧✱
✧❤tt♣✿✴✴❞①✳❞♦✐✳♦r❣✴✶✵✳✺✶✾✹✴❛❝♣✲✶✹✲✶✸✸✲✷✵✶✹✧ ❀

✿tr❛❝❦✐♥❣❴✐❞ ❂ ✧✻✷❜✵❡✾✺✽✲✹✶❜❜✲✹✷✺✷✲✽❜✾✾✲❝✺✾❛❡✷❝❝✼✽❛✽✧ ❀
✿❈♦♥✈❡♥t✐♦♥s ❂ ✧❈❋✲✶✳✻✧ ❀
✿♣r♦❞✉❝t❴✈❡rs✐♦♥ ❂ ✧✈✸✳✾✧ ❀
✿s✉♠♠❛r② ❂ ✧❲❡✐❣❤t✐♥❣ ❋✉♥❝t✐♦♥ ▼♦❞✐❢✐❡❞ ❉❖❆❙ ✭❲❋▼❉✮ ✐s ❞❡s✐❣♥❡❞ t♦ r❡tr✐❡✈❡ ❝♦❧✉♠♥✲❛✈❡r❛❣❡❞

❞r② ❛✐r ♠♦❧❡ ❢r❛❝t❛❝t✐♦♥s ♦❢ ❛t♠♦s♣❤❡r✐❝ ❝❛r❜♦♥ ❞✐♦①✐❞❡ ❛♥❞ ♠❡t❤❛♥❡ ❢r♦♠ t❤❡
♥❡❛r✲✐♥❢r❛r❡❞✴s❤♦rt✇❛✈❡✲✐♥❢r❛r❡❞ ✭◆■❘✴❙❲■❘✮ ♥❛❞✐r s♣❡❝tr❛ ♦❢ t❤❡ ❙❈■❆▼❆❈❍❨ ✐♥str✉♠❡♥t
♦♥❜♦❛r❞ ❊◆❱■❙❆❚✳✧ ❀

✿❦❡②✇♦r❞s ❂ ✧s❛t❡❧❧✐t❡✱ ❊◆❱■❙❆❚✱ ❙❈■❆▼❆❈❍❨✱ ❛t♠♦s♣❤❡r❡✱ ❝❛r❜♦♥ ❞✐♦①✐❞❡✧ ❀
✿✐❞ ❂ ✧❊❙❆❈❈■✲●❍●✲▲✷✲❈❖✷✲❙❈■❆▼❆❈❍❨✲❲❋▼❉✲✷✵✵✼✵✼✵✶✲❢✈✶✳♥❝✧ ❀
✿♥❛♠✐♥❣❴❛✉t❤♦r✐t② ❂ ✧✐✉♣✳✉♥✐✲❜r❡♠❡♥✳❞❡✧ ❀
✿❦❡②✇♦r❞s❴✈♦❝❛❜✉❧❛r② ❂ ✧◆❆❙❆ ●❧♦❜❛❧ ❈❤❛♥❣❡ ▼❛st❡r ❉✐r❡❝t♦r② ✭●❈▼❉✮✧ ❀
✿❝❞♠❴❞❛t❛❴t②♣❡ ❂ ✧♣♦✐♥t✧ ❀
✿❝♦♠♠❡♥t ❂ ✧❚❤❡s❡ ❞❛t❛ ✇❡r❡ ♣r♦❞✉❝❡❞ ❛t t❤❡ ❯♥✐✈❡rs✐t② ♦❢ ❇r❡♠❡♥ ✐♥ t❤❡ ❢r❛♠❡✇♦r❦ ♦❢ t❤❡

❊❙❆ ●❍●✲❈❈■ ♣r♦❥❡❝t✧ ❀
✿❞❛t❡❴❝r❡❛t❡❞ ❂ ✧✷✵✶✺✵✹✷✼❚✶✸✵✹✵✸❩✧ ❀
✿❝r❡❛t♦r❴♥❛♠❡ ❂ ✧❯♥✐✈❡rs✐t② ♦❢ ❇r❡♠❡♥✱ ■❯P✱ ❖❧✐✈❡r ❙❝❤♥❡✐s✐♥❣✧ ❀
✿❝r❡❛t♦r❴✉r❧ ❂ ✧❤tt♣✿✴✴✇✇✇✳✐✉♣✳✉♥✐✲❜r❡♠❡♥✳❞❡✴s❝✐❛♠❛❝❤②✴◆■❘❴◆❆❉■❘❴❲❋▼❴❉❖❆❙✴♣r♦❞✉❝ts✴✧ ❀
✿❝r❡❛t♦r❴❡♠❛✐❧ ❂ ✧s❝❤♥❡✐s✐♥❣❅✐✉♣✳♣❤②s✐❦✳✉♥✐✲❜r❡♠❡♥✳❞❡✧ ❀
✿♣r♦❥❡❝t ❂ ✧❈❧✐♠❛t❡ ❈❤❛♥❣❡ ■♥✐t✐❛t✐✈❡ ✲ ❊✉r♦♣❡❛♥ ❙♣❛❝❡ ❆❣❡♥❝②✧ ❀
✿❣❡♦s♣❛t✐❛❧❴❧❛t❴♠✐♥ ❂ ✲✾✵✳❢ ❀
✿❣❡♦s♣❛t✐❛❧❴❧❛t❴♠❛① ❂ ✾✵✳❢ ❀
✿❣❡♦s♣❛t✐❛❧❴❧❛t❴✉♥✐ts ❂ ✧❞❡❣r❡❡❴♥♦rt❤✧ ❀
✿❣❡♦s♣❛t✐❛❧❴❧♦♥❴♠✐♥ ❂ ✲✶✽✵✳❢ ❀
✿❣❡♦s♣❛t✐❛❧❴❧♦♥❴♠❛① ❂ ✶✽✵✳❢ ❀
✿❣❡♦s♣❛t✐❛❧❴❧♦♥❴✉♥✐ts ❂ ✧❞❡❣r❡❡❴❡❛st✧ ❀
✿❣❡♦s♣❛t✐❛❧❴✈❡rt✐❝❛❧❴♠✐♥ ❂ ✵✳❢ ❀
✿❣❡♦s♣❛t✐❛❧❴✈❡rt✐❝❛❧❴♠❛① ❂ ✶✵✵✵✵✵✳❢ ❀
✿t✐♠❡❴❝♦✈❡r❛❣❡❴st❛rt ❂ ✧✷✵✵✼✵✼✵✶❚✵✵✵✵✵✵❩✧ ❀
✿t✐♠❡❴❝♦✈❡r❛❣❡❴❡♥❞ ❂ ✧✷✵✵✼✵✼✵✶❚✷✸✺✾✺✾❩✧ ❀
✿t✐♠❡❴❝♦✈❡r❛❣❡❴❞✉r❛t✐♦♥ ❂ ✧P✶❉✧ ❀
✿t✐♠❡❴❝♦✈❡r❛❣❡❴r❡s♦❧✉t✐♦♥ ❂ ✧P✶❉✧ ❀
✿st❛♥❞❛r❞❴♥❛♠❡❴✈♦❝❛❜✉❧❛r② ❂ ✧◆❡t❈❉❋ ❈❧✐♠❛t❡ ❛♥❞ ❋♦r❡❝❛st ✭❈❋✮ ▼❡t❛❞❛t❛ ❈♦♥✈❡♥t✐♦♥s ❱❡rs✐♦♥ ✶✳✻✧ ❀
✿❧✐❝❡♥s❡ ❂ ✧❊❙❆ ❈❈■ ❉❛t❛ P♦❧✐❝②✿ ❢r❡❡ ❛♥❞ ♦♣❡♥ ❛❝❝❡ss✧ ❀
✿♣❧❛t❢♦r♠ ❂ ✧❊◆❱■❙❆❚✧ ❀
✿s❡♥s♦r ❂ ✧❙❈■❆▼❆❈❍❨✧ ❀
✿s♣❛t✐❛❧❴r❡s♦❧✉t✐♦♥ ❂ ✧✸✵❦♠ ① ✻✵❦♠ ❛t ♥❛❞✐r ✭t②♣✐❝❛❧❧②✮✧ ❀

⑥
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XCH4

The structure of the Level2 product files ❊❙❆❈❈■✲●❍●✲▲✷✲❈❍✹✲❙❈■❆▼❆❈❍❨✲❲❋▼❉✲

❨❨❨❨▼▼❉❉✲❢✈✶✳♥❝ is summarised in the following:

♥❡t❝❞❢ ❊❙❆❈❈■✲●❍●✲▲✷✲❈❍✹✲❙❈■❆▼❆❈❍❨✲❲❋▼❉✲✷✵✵✼✵✼✵✶✲❢✈✶ ④
❞✐♠❡♥s✐♦♥s✿

s♦✉♥❞✐♥❣❴❞✐♠ ❂ ✹✸✺✺ ❀
❧❡✈❡❧❴❞✐♠ ❂ ✷✶ ❀
❧❛②❡r❴❞✐♠ ❂ ✷✵ ❀
❝♦r♥❡rs❴❞✐♠ ❂ ✹ ❀

✈❛r✐❛❜❧❡s✿
❞♦✉❜❧❡ t✐♠❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

t✐♠❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧t✐♠❡✧ ❀
t✐♠❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧t✐♠❡✧ ❀
t✐♠❡✿✉♥✐ts ❂ ✧s❡❝♦♥❞s s✐♥❝❡ ✶✾✼✵✲✵✶✲✵✶ ✵✵✿✵✵✿✵✵✧ ❀
t✐♠❡✿❝❛❧❡♥❞❛r ❂ ✧st❛♥❞❛r❞✧ ❀

❢❧♦❛t ❧❛t✐t✉❞❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
❧❛t✐t✉❞❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧❧❛t✐t✉❞❡✧ ❀
❧❛t✐t✉❞❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧❧❛t✐t✉❞❡✧ ❀
❧❛t✐t✉❞❡✿✉♥✐ts ❂ ✧❞❡❣r❡❡❴♥♦rt❤✧ ❀
❧❛t✐t✉❞❡✿✈❛❧✐❞❴r❛♥❣❡ ❂ ✲✾✵✳❢✱ ✾✵✳❢ ❀
❧❛t✐t✉❞❡✿❝♦♠♠❡♥t ❂ ✧❈❡♥t❡r ❧❛t✐t✉❞❡ ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥t✧ ❀

❢❧♦❛t ❧♦♥❣✐t✉❞❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
❧♦♥❣✐t✉❞❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧❧♦♥❣✐t✉❞❡✧ ❀
❧♦♥❣✐t✉❞❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧❧♦♥❣✐t✉❞❡✧ ❀
❧♦♥❣✐t✉❞❡✿✉♥✐ts ❂ ✧❞❡❣r❡❡❴❡❛st✧ ❀
❧♦♥❣✐t✉❞❡✿✈❛❧✐❞❴r❛♥❣❡ ❂ ✲✶✽✵✳❢✱ ✶✽✵✳❢ ❀
❧♦♥❣✐t✉❞❡✿❝♦♠♠❡♥t ❂ ✧❈❡♥t❡r ❧♦♥❣✐t✉❞❡ ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥t✧ ❀

❢❧♦❛t s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✧ ❀
s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧s♦❧❛r ③❡♥✐t❤ ❛♥❣❧❡✧ ❀
s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✿✉♥✐ts ❂ ✧❞❡❣r❡❡✧ ❀
s♦❧❛r❴③❡♥✐t❤❴❛♥❣❧❡✿❝♦♠♠❡♥t ❂ ✧❙♦❧❛r ③❡♥✐t❤ ❛♥❣❧❡ ✐s t❤❡ t❤❡ ❛♥❣❧❡ ❜❡t✇❡❡♥ t❤❡ ❧✐♥❡

♦❢ s✐❣❤t t♦ t❤❡ s✉♥ ❛♥❞ t❤❡ ❧♦❝❛❧ ✈❡rt✐❝❛❧✳✧ ❀
❢❧♦❛t s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✿st❛♥❞❛r❞❴♥❛♠❡ ❂ ✧s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✧ ❀
s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✿❧♦♥❣❴♥❛♠❡ ❂ ✧s❡♥s♦r ③❡♥✐t❤ ❛♥❣❧❡✧ ❀
s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✿✉♥✐ts ❂ ✧❞❡❣r❡❡✧ ❀
s❡♥s♦r❴③❡♥✐t❤❴❛♥❣❧❡✿❝♦♠♠❡♥t ❂ ✧❙❡♥s♦r ③❡♥✐t❤ ❛♥❣❧❡ ✐s t❤❡ ❛♥❣❧❡ ❜❡t✇❡❡♥ t❤❡ ❧✐♥❡

♦❢ s✐❣❤t t♦ t❤❡ s❡♥s♦r ❛♥❞ t❤❡ ❧♦❝❛❧ ✈❡rt✐❝❛❧✳✧ ❀
❢❧♦❛t ①❝❤✹✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

①❝❤✹✿❧♦♥❣❴♥❛♠❡ ❂ ✧❝♦❧✉♠♥✲❛✈❡r❛❣❡❞ ❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♦❢ ❛t♠♦s♣❤❡r✐❝ ♠❡t❤❛♥❡✧ ❀
①❝❤✹✿✉♥✐ts ❂ ✧✶❡✲✾✧ ❀
①❝❤✹✿❝♦♠♠❡♥t ❂ ✧❘❡tr✐❡✈❡❞ ❝♦❧✉♠♥✲❛✈❡r❛❣❡❞ ❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♦❢ ❛t♠♦s♣❤❡r✐❝

♠❡t❤❛♥❡ ✭❳❈❍✹✮ ✐♥ ♣♣❜✧ ❀
❢❧♦❛t ①❝❤✹❴✉♥❝❡rt❛✐♥t②✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

①❝❤✹❴✉♥❝❡rt❛✐♥t②✿❧♦♥❣❴♥❛♠❡ ❂ ✧✶✲s✐❣♠❛ ✉♥❝❡rt❛✐♥t② ♦❢ t❤❡ r❡tr✐❡✈❡❞ ❝♦❧✉♠♥✲❛✈❡r❛❣❡❞
❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♦❢ ❛t♠♦s♣❤❡r✐❝ ♠❡t❤❛♥❡✧ ❀

①❝❤✹❴✉♥❝❡rt❛✐♥t②✿✉♥✐ts ❂ ✧✶❡✲✾✧ ❀
①❝❤✹❴✉♥❝❡rt❛✐♥t②✿❝♦♠♠❡♥t ❂ ✧✶✲s✐❣♠❛ ✉♥❝❡rt❛✐♥t② ♦❢ t❤❡ r❡tr✐❡✈❡❞ ❝♦❧✉♠♥✲❛✈❡r❛❣❡❞

❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♦❢ ❛t♠♦s♣❤❡r✐❝ ♠❡t❤❛♥❡ ✭❳❈❍✹✮ ✐♥ ♣♣❜✧ ❀
❜②t❡ ①❝❤✹❴q✉❛❧✐t②❴❢❧❛❣✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀

①❝❤✹❴q✉❛❧✐t②❴❢❧❛❣✿❧♦♥❣❴♥❛♠❡ ❂ ✧q✉❛❧✐t② ❢❧❛❣✧ ❀
①❝❤✹❴q✉❛❧✐t②❴❢❧❛❣✿❢❧❛❣❴✈❛❧✉❡s ❂ ✵❜✱ ✶❜ ❀
①❝❤✹❴q✉❛❧✐t②❴❢❧❛❣✿❢❧❛❣❴♠❡❛♥✐♥❣s ❂ ✧❣♦♦❞❴q✉❛❧✐t② ♣♦t❡♥t✐❛❧❧②❴❜❛❞❴q✉❛❧✐t②✧ ❀
①❝❤✹❴q✉❛❧✐t②❴❢❧❛❣✿❝♦♠♠❡♥t ❂ ✧✵❂❣♦♦❞✱ ✶❂❜❛❞✧ ❀

❢❧♦❛t ♣r❡ss✉r❡❴❧❡✈❡❧s✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❧❡✈❡❧❴❞✐♠✮ ❀
♣r❡ss✉r❡❴❧❡✈❡❧s✿❧♦♥❣❴♥❛♠❡ ❂ ✧♣r❡ss✉r❡ ❧❡✈❡❧s✧ ❀



PRODUCT USER GUIDE INSTITUTE OF 13
SCIAMACHY WFM-DOAS XCO2 AND XCH4 ENVIRONMENTAL PHYSICS,

ESA CLIMATE CHANGE INITIATIVE (CCI) UNIVERSITY OF BREMEN

♣r❡ss✉r❡❴❧❡✈❡❧s✿✉♥✐ts ❂ ✧❤P❛✧ ❀
♣r❡ss✉r❡❴❧❡✈❡❧s✿❝♦♠♠❡♥t ❂ ✧Pr❡ss✉r❡ ❧❡✈❡❧s ❞❡❢✐♥❡ t❤❡ ❜♦✉♥❞❛r✐❡s ♦❢ t❤❡ ❛✈❡r❛❣✐♥❣

❦❡r♥❡❧ ❛♥❞ ❛ ♣r✐♦r✐ ♣r♦❢✐❧❡ ❧❛②❡rs✳❭♥✧✱
✧▲❡✈❡❧s ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s✉r❢❛❝❡ t♦ t♦♣ ♦❢ ❛t♠♦s♣❤❡r❡✳✧ ❀

❢❧♦❛t ❝❤✹❴♣r♦❢✐❧❡❴❛♣r✐♦r✐✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❧❛②❡r❴❞✐♠✮ ❀
❝❤✹❴♣r♦❢✐❧❡❴❛♣r✐♦r✐✿❧♦♥❣❴♥❛♠❡ ❂ ✧❛ ♣r✐♦r✐ ❞r② ❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♣r♦❢✐❧❡ ♦❢

❛t♠♦s♣❤❡r✐❝ ♠❡t❤❛♥❡✧ ❀
❝❤✹❴♣r♦❢✐❧❡❴❛♣r✐♦r✐✿✉♥✐ts ❂ ✧✶❡✲✾✧ ❀
❝❤✹❴♣r♦❢✐❧❡❴❛♣r✐♦r✐✿❝♦♠♠❡♥t ❂ ✧❆ ♣r✐♦r✐ ❞r②✲❛✐r ♠♦❧❡ ❢r❛❝t✐♦♥ ♣r♦❢✐❧❡ ♦❢

❛t♠♦s♣❤❡r✐❝ ♠❡t❤❛♥❡ ✐♥ ♣♣❜✳❭♥✧✱
✧❆❧❧ ✈❛❧✉❡s r❡♣r❡s❡♥t ❧❛②❡r ❛✈❡r❛❣❡s ✇✐t❤✐♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♣r❡ss✉r❡ ❧❡✈❡❧s✳❭♥✧✱
✧Pr♦❢✐❧❡s ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s✉r❢❛❝❡ t♦ t♦♣ ♦❢ ❛t♠♦s♣❤❡r❡✳✧ ❀

❢❧♦❛t ①❝❤✹❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❧❛②❡r❴❞✐♠✮ ❀
①❝❤✹❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧✿❧♦♥❣❴♥❛♠❡ ❂ ✧①❝❤✹ ❛✈❡r❛❣✐♥❣ ❦❡r♥❡❧✧ ❀
①❝❤✹❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧✿✉♥✐ts ❂ ✧✶✧ ❀
①❝❤✹❴❛✈❡r❛❣✐♥❣❴❦❡r♥❡❧✿❝♦♠♠❡♥t ❂ ✧❘❡♣r❡s❡♥ts t❤❡ ❛❧t✐t✉❞❡ s❡♥s✐t✐✈✐t② ♦❢ t❤❡ r❡tr✐❡✈❛❧ ❛s

❛ ❢✉♥❝t✐♦♥ ♦❢ ♣r❡ss✉r❡✳❭♥✧✱
✧❆❧❧ ✈❛❧✉❡s r❡♣r❡s❡♥t ❧❛②❡r ❛✈❡r❛❣❡s ✇✐t❤✐♥ t❤❡ ❝♦rr❡s♣♦♥❞✐♥❣ ♣r❡ss✉r❡ ❧❡✈❡❧s✳❭♥✧✱
✧Pr♦❢✐❧❡s ❛r❡ ♦r❞❡r❡❞ ❢r♦♠ s✉r❢❛❝❡ t♦ t♦♣ ♦❢ ❛t♠♦s♣❤❡r❡✳✧ ❀

❢❧♦❛t ♣r❡ss✉r❡❴✇❡✐❣❤t✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❧❛②❡r❴❞✐♠✮ ❀
♣r❡ss✉r❡❴✇❡✐❣❤t✿❧♦♥❣❴♥❛♠❡ ❂ ✧♣r❡ss✉r❡ ✇❡✐❣❤t✧ ❀
♣r❡ss✉r❡❴✇❡✐❣❤t✿✉♥✐ts ❂ ✧✶✧ ❀
♣r❡ss✉r❡❴✇❡✐❣❤t✿❝♦♠♠❡♥t ❂ ✧▲❛②❡r ❞❡♣❡♥❞❡♥t ✇❡✐❣❤ts ♥❡❡❞❡❞ t♦ ❛♣♣❧② t❤❡ ❛✈❡r❛❣✐♥❣ ❦❡r♥❡❧s✳✧ ❀

✐♥t✻✹ ♦r❜✐t❴♥✉♠❜❡r✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
♦r❜✐t❴♥✉♠❜❡r✿❧♦♥❣❴♥❛♠❡ ❂ ✧♦r❜✐t ♥✉♠❜❡r✧ ❀
♦r❜✐t❴♥✉♠❜❡r✿✉♥✐ts ❂ ✧✶✧ ❀
♦r❜✐t❴♥✉♠❜❡r✿❝♦♠♠❡♥t ❂ ✧❖r❜✐t ♥✉♠❜❡r✧ ❀

s❤♦rt s❝❡♥❡❴♥✉♠❜❡r✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
s❝❡♥❡❴♥✉♠❜❡r✿❧♦♥❣❴♥❛♠❡ ❂ ✧❣r♦✉♥❞ s❝❡♥❡ ♥✉♠❜❡r✧ ❀
s❝❡♥❡❴♥✉♠❜❡r✿✉♥✐ts ❂ ✧✶✧ ❀
s❝❡♥❡❴♥✉♠❜❡r✿❝♦♠♠❡♥t ❂ ✧●r♦✉♥❞ s❝❡♥❡ ♥✉♠❜❡r ✭♣❡r ♦r❜✐t✮✧ ❀

s❤♦rt st❛t❡❴♥✉♠❜❡r✭s♦✉♥❞✐♥❣❴❞✐♠✮ ❀
st❛t❡❴♥✉♠❜❡r✿❧♦♥❣❴♥❛♠❡ ❂ ✧st❛t❡ ♥✉♠❜❡r✧ ❀
st❛t❡❴♥✉♠❜❡r✿✉♥✐ts ❂ ✧✶✧ ❀
st❛t❡❴♥✉♠❜❡r✿❝♦♠♠❡♥t ❂ ✧❙t❛t❡ ♥✉♠❜❡r ✭♣❡r ♦r❜✐t✮✧ ❀

❢❧♦❛t ❧❛t✐t✉❞❡❴❝♦r♥❡rs✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❝♦r♥❡rs❴❞✐♠✮ ❀
❧❛t✐t✉❞❡❴❝♦r♥❡rs✿❧♦♥❣❴♥❛♠❡ ❂ ✧❝♦r♥❡r ❧❛t✐t✉❞❡s✧ ❀
❧❛t✐t✉❞❡❴❝♦r♥❡rs✿✉♥✐ts ❂ ✧❞❡❣r❡❡❴♥♦rt❤✧ ❀
❧❛t✐t✉❞❡❴❝♦r♥❡rs✿✈❛❧✐❞❴r❛♥❣❡ ❂ ✲✾✵✳❢✱ ✾✵✳❢ ❀
❧❛t✐t✉❞❡❴❝♦r♥❡rs✿❝♦♠♠❡♥t ❂ ✧❈♦r♥❡r ❧❛t✐t✉❞❡s ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥t✧ ❀

❢❧♦❛t ❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✭s♦✉♥❞✐♥❣❴❞✐♠✱ ❝♦r♥❡rs❴❞✐♠✮ ❀
❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✿❧♦♥❣❴♥❛♠❡ ❂ ✧❝♦r♥❡r ❧♦♥❣✐t✉❞❡s✧ ❀
❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✿✉♥✐ts ❂ ✧❞❡❣r❡❡❴❡❛st✧ ❀
❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✿✈❛❧✐❞❴r❛♥❣❡ ❂ ✲✶✽✵✳❢✱ ✶✽✵✳❢ ❀
❧♦♥❣✐t✉❞❡❴❝♦r♥❡rs✿❝♦♠♠❡♥t ❂ ✧❈♦r♥❡r ❧♦♥❣✐t✉❞❡s ♦❢ t❤❡ ♠❡❛s✉r❡♠❡♥t✧ ❀
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