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NH3 Overview

NH3 major component of the global nitrogen cycle

Global emissions primarily due to agriculture

Environmental impact:
1 Deposition of reactive nitrogen in sensitive ecosystems
2 Enhanced creation of ammononium sulphate and ammonium nitrate

aerosols (EPA PM2.5)

In-situ measurements relatively sparse, especially in
agricultural regions

First observed with TES (Beer, et. al. GRL 2008). Global
measurements using IASI (Clarisse et. al. Nature Geoscience
2009).

Lifetime <8 hours, so observations are in the boundary layer

Measurements are nominally only during daytime when hot
surface allows one to sense absorption in the boundary layer

AIRS is probably more sensitive to NH3 than IASI due to the
1:30 pm versus 9:30 am overpass time.
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Approach

FOV Selection

L2Sup: Total cloud cover < 0.3

L2Sup: Qual.(Cloud_OLR,H2O,Surf,Temp_Profile_Bot) all <= 1

L1b: calflag = 0 only

L1b: additional scanline rejection done for undetected pops

NH3 Channels

Signal channels A: 930.44, 930.81, 931.18, 931.93 cm−1

Window channels A: 934.91, 935.28, 936.03, 936.41 cm−1

Signal channels B: 965.43, 966.23, 966.63, 967.03 cm−1

Window channels B: 969.04, 969.44, 970.24, 970.65 cm−1

Output

At present: dBT = 〈(Signal BT) - (Window BT)〉 A,B
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Spectrum of NH3
Courtesy of Lieven Clarisse, Univ. Libre de Bruxelles
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IASI World Map of NH3
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Global ammonia distribution derived from infrared
satellite observations
Lieven Clarisse1*, Cathy Clerbaux2, Frank Dentener3, Daniel Hurtmans1 and Pierre-François Coheur1

Global ammonia emissions have more than doubled since
pre-industrial times, largely owing to agricultural intensifica-
tion and widespread fertilizer use1. In the atmosphere, ammo-
nia accelerates particulate matter formation, thereby reducing
air quality. When deposited in nitrogen-limited ecosystems,
ammonia can act as a fertilizer. This can lead to biodiversity
reductions in terrestrial ecosystems, and algal blooms in aque-
ous environments2–8. Despite its ecological significance, there
are large uncertainties in themagnitude of ammonia emissions,
mainly owing to a paucity of ground-based observations and
a virtual absence of atmospheric measurements3,8–11. Here we
use infrared spectra, obtained by the IASI/MetOp satellite,
to map global ammonia concentrations from space over the
course of 2008. We identify several ammonia hotspots in
middle–low latitudes across the globe. In general, we find a
good qualitative agreement between our satellite measure-
ments and simulations made using a global atmospheric chem-
istry transport model. However, the satellite data reveal sub-
stantially higher concentrations of ammonia north of 30◦ N,
compared with model projections. We conclude that ammonia
emissions could have been significantly underestimated in the
Northern Hemisphere, and suggest that satellite monitoring
of ammonia from space will improve our understanding of the
global nitrogen cycle.

Atmospheric NH3 is emitted primarily from livestock wastes
(39%), natural sources (19%), volatilization of NH3-based fertiliz-
ers (17%), biomass burning (13%), crops (7%) and emissions from
humans, pets and waste water4 (5%). A large part of the emitted
NH3 is quickly removed from the atmosphere by dry deposition
close to the source. The other main sink is the reaction with
sulphuric, nitric and hydrochloric acids, leading to the formation
of particulate ammonium3,5 (NH+

4 ).
Despite regulations in some developed countries2, the total

emission ofNH3 hasmore than doubled from1860 to 1993 andmay
double again by 2050 (ref. 6). This increase is leading to a cascade
of environmental problems5–8. NH3 accelerates the formation of
particulate matter12 and can make up a large portion of its final
mass13. In some regions of the USA for instance, ammonium
sulphate makes up 60% of fine particulate PM2.5, and ammonium
nitrate can make up as much as 40% of the total mass14. NH3
accounts for almost half of all reactive nitrogen released in the
atmosphere, having an important role in the acidification and the
eutrophication of our ecosystems5,6.

Uncertainties in the emission budgets of NH3 are as large as
50% (refs 4, 10). Apart from missing statistics on fertilizer use and
animal populations, local differences in agricultural practice, such
as fertilization and waste management, become important when
scaling-up to global budgets5,10,11,15. Other uncertainties stem from

1Spectroscopie de l’Atmosphère, Service de Chimie Quantique et Photophysique, Université Libre de Bruxelles (ULB), 1050 Brussels, Belgium, 2UPMC Univ.
Paris 06, LATMOS-IPSL; CNRS/INSU, LATMOS-IPSL, 75252 Paris Cedex 05, France, 3European Commission, Joint Research Centre (JRC), I-21027 Ispra,
Italy. *e-mail: lclariss@ulb.ac.be.
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Figure 1 |NH3 total columns retrieved with IASI over India and Pakistan.
a, The IASI orbit on 13 May 2008 (morning), where each circle indicates an
IASI pixel of 12 km diameter at nadir, increasing on both sides of the swath.
The colour represents the retrieved concentration. b, Seasonal variation of
the NH3 columns (mgm−2) measured near Ludhiana (31◦ N, 76◦ E) in
North India. The solid line depicts the moving thirty day average, and the
grey area represents the associated temporal 1σ standard deviation around
this average.

the dependence of NH3 volatilization on temperature, humidity,
wind velocity and soil acidity10,11 and uncertainties related to the
emissions of natural sources and biomass burning, for which
experimental data show large scatter9,10. Another contributing
factor is the limited spatial representativeness of ground-based
measurements, as NH3 is very variable in time and space, with a
tropospheric lifetime up to a couple of hours3,9. Complementing
ground-based measurements, satellite observations of NH3 would
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Figure 2 |Annual averaged retrieved and modelled NH3 columns, and their difference. a, Yearly average total columns of NH3 in 2008 retrieved from
IASI measurements on a 0.25◦ by 0.25◦ grid. b, Modelled columns for the year 2000 using the TM5 model on a 2◦ by 3◦ latitude–longitude grid9.
c, Difference between measured and modelled columns.

be a welcome addition, although we are not aware of any
successful previous attempts to retrieve global distributions of
NH3 by satellite.

A few local observations of NH3 from space were reported
recently from the tropospheric emission spectrometer16 (TES) using
a subset of features between 960 and 972 cm−1 and applying
a residual fitting method to extract quantitative concentration
estimates. Despite high spectral resolution, the poor geographical
coverage of TES does not allow the retrieval of NH3 on a daily
global scale. Designed primarily for meteorology, the Infrared
Atmospheric Sounding Interferometer17,18 (IASI) has a coarser
spectral resolution, but has the advantage over TES of having
an exceptional geographical sampling and low noise over a wide
spectral range of the thermal infrared. Here we present and discuss

the first high-spatial-resolution global NH3 measurements acquired
with IASI over a full year.

IASI is a Fourier transform spectrometer onboard the mete-
orological platform MetOp-A, launched at the end of 2006. The
platform circles in a polar sun-synchronous orbit around the earth.
IASI operates in nadir mode (vertically downward, within 48.3◦ of
the normal of the Earth’s surface) with a pixel footprint of 12 km
along the satellite track, and provides global coverage twice a day by
scanning along a swath of 2,200 km off-nadir. The overpass times
are 9:30 and 21:30 mean local solar time. Figure 1 illustrates IASI
measurements over land (India and Pakistan) for one particular
morning orbit. The spectrometer measures the infrared radiation
emitted by the Earth’s surface and atmosphere in the spectral
range 645–2,760 cm−1 without gaps. It has a spectral resolution
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AIRS 1-Day World Map of NH3
Single Day of NH3 BT Signal
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AIRS 1-Day USA Map of NH3
Single Day of NH3 BT Signal
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Max NH3 for USA over 1-Year
Maximum per Pixel over 1-Year
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High Resolution Map of NH3 in California
Note San Joaquin Valley
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High Resolution Map of NH3 in Idaho and Kansas
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16-Day Average NH3 in US
Keep features in mind for upcoming slides.
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Model NH3 Emissions (excluding soil)
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Map of EPA PM2.5 Max Values during 2004
PM2.5 is fine particle aerosol that produces poor air quality.
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PM2.5 Estimates.. Source Uncertain

15th International Emissions Conference – New Orleans, LA – May 16-18, 2006

WRAP WBD Emissions Model

• PM2.5 comparison (graphical)
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NH3 Controls Cost-Effective for Improved Air-Quality

Ammonia Emission Controls as a
Cost-Effective Strategy for Reducing
Atmospheric Particulate Matter in
the Eastern United States
R O B E R T W . P I N D E R * A N D
P E T E R J . A D A M S

Carnegie Mellon University, Department of Engineering
and Public Policy and Department of Civil and
Environmental Engineering, 5000 Forbes Avenue,
Pittsburgh, Pennsylvania 15213

S P Y R O S N . P A N D I S

Department of Chemical Engineering, University of Patras,
26500 Patras, Greece

Current regulation aimed at reducing inorganic atmospheric
fine particulate matter (PM2.5) is focused on reductions
in sulfur dioxide (SO2) and oxides of nitrogen (NOx ≡ NO
+ NO2); however, controls on these pollutants are likely to
increase in cost and decrease in effectiveness in the
future. A supplementary strategy is reduction in ammonia
(NH3) emissions, yet an evaluation of controls on ammonia
has been limited by uncertainties in emission levels and in
the cost of control technologies. We use state of the
science emission inventories, an emission-based regional
air quality model, and an explicit treatment of uncertainty
to estimate the cost-effectiveness and uncertainty of ammonia
emission reductions on inorganic particulate matter in
the Eastern United States. Since a paucity of data
on agricultural operations precludes a direct calculation
of the costs of ammonia control, we calculate the “ammonia
savings potential”, defined as the minimum cost of
applying SO2 and NOx emission controls in order to achieve
the same reduction in ambient inorganic PM2.5 concentration
as obtained from a 1 ton decrease in ammonia emissions.
Using 250 scenarios of NH3, SO2, and NOx emission reductions,
we calculate the least-cost SO2 and NOx control scenarios
that achieve the same reduction in ambient inorganic
PM2.5 concentration as a decrease in ammonia emissions.
We find that the lower-bound ammonia savings potential
in the winter is $8,000 per ton NH3; therefore, many currently
available ammonia control technologies are cost-
effective compared to current controls on SO2 and NOx
sources. Larger reductions in winter inorganic particulate
matter are available at lower cost through controls on
ammonia emissions.

1. Introduction
One of the more pernicious problems in air quality is the
persistence of fine suspended particulate matter. Recent
regulation has focused on controlling PM2.5, which refers to
particles with diameter less than 2.5 micrometers. These

particles are statistically associated with increased incidence
of pulmonary disease and reduced lung function (1, 2), cardiac
arrest (3-5), and premature death (6, 7). The deposition of
these particles degrades sensitive terrestrial and aquatic
ecosystems (8, 9), and due to their light scattering properties,
these particles impair visibility at scenic vistas (10) and
contribute to climate change (11).

In the Eastern United States, approximately half of the
PM2.5 has an inorganic chemical speciation and is composed
of ammonium (NH4

+), nitrate (NO3
-), and sulfate (SO4

2-)
(12). Very little of the inorganic PM2.5 is attributable to direct
emissions. Emissions of oxides of nitrogen (NOx ≡ NO +
NO2) and sulfur dioxide (SO2), mostly from combustion
sources, are oxidized in the atmosphere to form nitric acid
(HNO3) and sulfuric acid (H2SO4), respectively. These species
partition between the gas phase and particle phase in an
effort to establish thermodynamic equilibrium (13). H2SO4

has a low vapor pressure such that sulfate occurs over-
whelmingly in the particle phase. Ammonia (NH3) can
neutralize the H2SO4 to form ammonium sulfate ((NH4)2SO4)
or ammonium bisulfate (NH4HSO4). Also, NH3 can neutralize
the gas-phase HNO3 to form ammonium nitrate (NH4NO3)
aerosol. The phase partitioning of ammonium nitrate is
dependent on the temperature, relative humidity, and
concentration of NH3, NH4

+, SO4
2-, HNO3, and NO3

-.
Although NH4

+ by itself is a small fraction of the PM2.5 mass,
NH3 plays a disproportionate role by determining the phase
state of HNO3 and the neutralization state of H2SO4.

The U.S. Environmental Protection Agency has established
an ambient standard for PM2.5 as 15 µg m-3 on an annual
average basis. Over 90 million people live in non-attainment
areas that exceed this standard (14). Recent national efforts
intended to reduce inorganic PM2.5 concentrations, such as
the Clean Air Interstate Rule, focus only on SO2 and NOx

emission reductions, despite the important role of NH3.
Historically, the sources of NOx and SO2 were obvious, easy
to control, and effective at reducing PM2.5 (15). NH3 emissions
are largely from animal excreta at livestock operations and
chemical fertilizer applied to crops (16). These sources are
difficult to quantify and preclude the use of typical control
options.

Continued reductions in NOx and SO2 emissions are likely
to cost more than in the past (17, 18) and may be less effective
at reducing PM2.5 (19, 20) than reductions in ammonia
emissions. Reductions in SO4

2- increase the available NH3,
and a portion of this free NH3 partitions to the aerosol phase
as NH4NO3. Hence, a portion of the SO4

2- is replaced by
NO3

-, which reduces the effectiveness of SO2 controls. NOx

controls are effective only if the formation of NH4NO3 is
limited by the nitric acid concentration rather than the
available ammonia concentration.

Recent research has improved ammonia emission esti-
mates (21-23) and control options for NH3 emissions are
better understood and more feasible (24). In short, it is time
to re-evaluate the potential for NH3 emission reductions as
a cost-effective control strategy for PM2.5.

In this study, we present a coupled analysis of the costs
of pollutant controls and the effectiveness of emission
reductions to determine if ammonia emission reductions
are a cost-effective control strategy for reducing ambient
inorganic PM2.5 concentrations. A “control strategy” is a
combination of NH3, NOx, and SO2 emission reductions
applied across the domain of interest (the Eastern United
States). By “effectiveness”, we are referring to the impact of
the control strategy on the ambient inorganic PM2.5 con-
centration. A control strategy is the most cost-effective if

* Corresponding author phone: (412) 268-5550; e-mail: rwpinder@
yahoo.com.
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emission reductions on inorganic particulate matter in
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the same reduction in ambient inorganic PM2.5 concentration
as obtained from a 1 ton decrease in ammonia emissions.
Using 250 scenarios of NH3, SO2, and NOx emission reductions,
we calculate the least-cost SO2 and NOx control scenarios
that achieve the same reduction in ambient inorganic
PM2.5 concentration as a decrease in ammonia emissions.
We find that the lower-bound ammonia savings potential
in the winter is $8,000 per ton NH3; therefore, many currently
available ammonia control technologies are cost-
effective compared to current controls on SO2 and NOx
sources. Larger reductions in winter inorganic particulate
matter are available at lower cost through controls on
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are a cost-effective control strategy for reducing ambient
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applied across the domain of interest (the Eastern United
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NH3 Conclusions

Much work to be done to turn BT signal into NH3 amount

Juying Warner has submitted a ROSES proposal to produce
this NH3 product using approach she used to obtain
outstanding AIRS CO accuracies (Optimal Estimation).

AIRS orbit time and high spatial coverage could make this
product extremely important for EPA and our understanding
of the nitrogen cycle.

Hope we don’t miss this opportunity!
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My own contributions to atmospheric NH3



ASL

NH3: Overview NH3: Approach NH3: UMBC Results NH3: PM2.5 HDO

HDO Overview

H2O preferentially evaporates while HDO preferentially
condenses. The HDO/H2O ratio gives information on water
vapor sources, sinks.

Accurate global HDO/H2O ratios may provide strong test of
climate model dynamics and water cycling

The AIRS RTA uses a constant HDO/H2O ratio. But, the H2O
retrieval uses a number of HDO lines!

Consequently, the AIRS H2O retrieval may have errors of
10-20+% in regions with a low HDO/H2O ratio.

Since AIRS has strong, well separated HDO spectra in the
shortwave, an accurate HDO/H2O ratio retrieval may be
possible.
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HDO vs H2O in AIRS Spectrum

Shortwave AIRS is just HDO!

HDO is not a separate gas in the AIRS RTA
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Two Approaches to HDO with AIRS (both column)

(Left) Use SW (HDO) versus LW (H2O) to get HDO/H2O ratio

(Right) Ratio SW (HDO) AIRS amount to ECMWF model H2O
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SCIAMACHY (left) vs AIRS (right) HDO

δ̄D = 1000%×
(

VCD(HDO)/VCD(H2O)
Rs

− 1
)

where VCD = Vertical
Column Density, Rs is HDO/H2O ratio in sea water.

formation and the release of latent heat, impact-
ing convection, complicate matters and seem not
to be well represented in climate models, espe-
cially in the tropics (5, 6). Land-atmosphere cou-
pling adds further uncertainties (7, 8). An accurate
knowledge of hydrological cycles and feedback
mechanisms is therefore indispensable for reliable
weather (7) and climate predictions (1–3, 8).

The isotopic fractionation of water provides a
deeper insight into hydrological cycles as evapo-

ration and condensation processes deplete heavy
water in the gas phase (9–11). In paleoclimate ap-
plications, the isotopic composition of water in the
polar ice sheets has become a key temperature
proxy (10, 12, 13). The Global Network of Iso-
topes in Precipitation (GNIP) (14), initiated in
1961, uses isotope data in hydrological inves-
tigations for water resources inventory, planning,
and development. However, it only interprets pre-
cipitation, the end product of a multitude of
evaporation, condensation, and mixing pro-
cesses. Isotope measurements of water vapor
would give important additional information but
are more difficult to make. Atmospheric applica-
tions traditionally focus on isotopes as a proxy for
exchange processes in the upper troposphere and
lower stratosphere (e.g., 15), but only a few in situ
measurements of the isotopic composition of lower
tropospheric water vapor are available (16–18).
Some general circulationmodels have incorporated

water isotopologs (19–21), which can, among
other purposes, be used to scrutinize the linear
d18O/T relationship in ice core measurements (13).
However, their sole global source of validation
was, for decades, precipitation measurements
(14), which partially inhibits a physical explana-
tion for intermodel differences because large-
scale vapor phase measurements were missing.

The first global measurements of atmospheric
deuterated water (HDO) in the middle to lower
troposphere were performed by Interferometric
Monitor for Greenhouse Gases (IMG) aboard
ADEOS (22) and, only recently, the Tropospher-
ic Emission Spectrometer (TES) aboard the Aura
spacecraft (23). These measurements were per-
formed in the thermal infrared and are mostly
sensitive to the 550 to 800 hPa layer, hence
lacking sensitivity to the lowest troposphere where,
owing to the scale height of 1 to 2 km, most water
vapor resides. As this layer is of the utmost
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Fig. 1. (A) Mean data from 2003 to 2005, shown on grids of 4° by 4°
without further smoothing (only grid boxes where more than 15 measure-
ments are available are shown). Over land, we use grids of 1° by 1° (if more
than 15 measurements are available) to show small-scale features. The
figure should be interpreted keeping the total number of measurements (B)
and potential seasonal biases (C) in mind. See (25) for a more detailed
discussion of biases toward specific seasons, potential problems over the
oceans, and data quality in general. (B) Square root of the total number of

measurements (on 4° by 4°) in the considered time period. Due to the very
low albedo in the near infrared, only a few measurements exist over the
oceans where we rely on low-level clouds for sufficient signal. (C) Maximal
seasonal contribution (from four seasons: December to February, March to
May, June to August, and September to November) to the long-term mean.
25% means that all seasons equally contribute, while 100% means that the
mean represents one season only (see fig. S3 for the contribution of the
individual seasons).
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Fig. 2. (A) Seasonal differences in dD shown as December to February
minus June to August averages. The latitude range is restricted because
SCIAMACHY local winter retrievals are compromised by snow cover and
high solar zenith angles. Retrievals over ocean are less reliable and also

depend more strongly on clouds; thus, we restricted the plot to land
masses only. (B) Monthly mean time series in a subregion over the Sahel
[indicated as a white box in (A), 0°E to 10°E, 15°N to 23°N] for both
SCIAMACHY retrievals and IsoGSM.
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TES (top plot) versus AIRS (bottom plot) HDO

the rate at which water is removed by intermittent condensation
events. Should the intensity of the hydrologic cycle change4, isotopic
assessment provides a framework for interpreting which processes
and water sources are responsible.

METHODS
The isotope ratio is defined as R5 qHDO/qH2O, where q is the volume mixing
ratio of HDO or H2O. Isotopic composition is expressed as dD values, where:

dD~
R

RVSMOW
{1

! "
|1,000

RVSMOW is the isotope ratio of Vienna Standard Mean Ocean Water reference
(3.113 1024). All mean dD values are mass-weighted (that is, dD refers to mean
qH2O andmean qHDO). The foundation of isotopic analysis is that given adequate
knowledge of the fractionation processes which accompany water exchange
(evaporation, transport and precipitation), the history of the processes that acted
on a distribution of observed air parcels can be inferred from dD. Conversely,
should the behaviour of the water cycle be assumed, the details of the cloud
physics can be deduced from their different effects on dD.
Isotopemodels shown as curves in Fig. 2 are derived from simplemass balance

equations:

Lq
Lt

~E{PzA

where A is the advection rate, E is the evaporation rate and P is the precipitation
rate. P may be written as the difference between the total condensation rate, C,
and the rainfall evaporation rate X (that is, P5C2X). Upon inserting expres-
sions for isotopic fractionation during exchange processes, general equations
governing the evolution of qHDO and qH2O are written as the sum of three terms
(see Supplementary Information for details):

LqH2O

Lt
~c(qs{qH2O){(1{f )CzA

LqHDO

Lt
~cg Rsqs{qHDOð Þ{acRC 1{

f

ae

! "
zRA

where c is a bulk exchange coefficient for evaporation, qs is the saturationmixing
ratio at the ocean surface with isotopic composition in equilibrium with ocean

waterRs, f is the fraction of rain evaporated, andR is the net isotopic composition

of advection. Isotopic fractionation during condensation is ac and during rain
evaporation is ae, which accounts for both equilibrium and kinetic effects.
During evaporation from the ocean surface the parameter g accounts for kinetic
effects.
Although development of this model is straightforward, the simultaneous

inclusion of all terms in the hydrologic balances offers deeper insight to the
underlying effects of water cycling on the isotopic composition of atmospheric
vapour. This development therefore extendsmore conventional approaches that
consider single processes in isolation, which are derived here as simplifications.
Four special cases are considered: (1) only condensation is active (A, E and X are
zero), which gives the Rayleighmodel; (2) some fraction of the rain is evaporated
(A and E are zero), which gives a modified Rayleigh model; (3) only evaporation
from the surface is allowed (A,C andX are zero), which gives evaporationmixing
lines; and (4) all terms are included but assumed to be at steady state (time
derivative set equal to zero). The addition of the advection term tends to dilute
the isotopic composition towards the assumed isotope ratio of the advected
moisture. These different assumptions lead to different curves in d–q space (as
in Fig. 2) owing to the different degrees to which isotopic fractionation is
expressed (detailed descriptions of these models are given in the
Supplementary Information). In Fig. 2, cyan curves show Rayleigh distillation
to liquid (ac< 1.105, solid) and ice (ac< 1.163, dashed). The orange curves
show evaporation mixing lines that originate from vapour in equilibrium with
the ocean surfacewith given temperature (black curve). The purple dots in Fig. 2c
show the steady state model with subsequent modified Rayleigh distillation
(purple curves) for the given rain evaporation fraction. Fractionation during
rain evaporation of condensate is taken as ae5 1.098 and g5 0.995.
The rain evaporation fraction can be estimated using the mass balance model

by assuming steady state, and solving for f based on the mean tropical values for
qH2O and dD. Specifically, the mass balance is written for cloudy and clear-sky
conditions, and assuming the difference between the distributions is due solely to
the rain evaporation. The mass balance shows that the isotopic composition of
tropospheric vapour over land cannot exceed the isotopic composition of
vapour in equilibriumwith ocean water unless there is an enriched water source,
such as the supply of soil water by evapotranspiration. In the calculation of f, we
take c5 1.1573 1025 s21 and C5 8mmday21, and A varies from 0 to
8mmday21 given the observed constraints on qH2O and d from Fig. 3. For a
12% difference between cloudy and clear-sky distributions that share the same
isotopic composition near 30uN and 30u S, an f value of 0.2 (20% rain evapora-
tion) is needed to gain balance.
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Figure 3 | Contrast between cloudy and clear sky ocean, and continental
observations. Zonalmean observedwater vapour qH2O (a) and dD binned at
6u latitude (b). The data are stratified (as in Fig. 2) to be clear-sky ocean (red,
53% of observations), and cloudy ocean (blue, 27% of observations). All
land observations (black curve, green shading) represent 12% of
observations. The red, blue and green shaded areas are bounded by the 25
and 75 percentiles of each subset. Errors on the means in b range between 1
to 2% for the data Equatorward of 50 degrees.
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Histogram of δD Values

Shows sharp cutoff near zero where HDO to H2O ratio reaches
nominal sea water value.
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HDO: Conclusions

Very simple retrieval technques show that AIRS can detect
very realistic HDO/H2O ratios.

At present, the AIRS radiative transfer algorithm (RTA) does
not differentiate between HDO and H2O. It uses a standard,
constant value for that ratio.

AIRS H2O retrievals will be biased by 10-20+% in some regions
(high latitudes) and times depending on how heavily the SW
HDO channels are used in the retrieval

A careful HDO retrieval with AIRS may yield important
information on the water cycle

HDO retrievals are also proposed in Juying Warner’s ROSES
proposal.
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