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1. Objective

Investigate how clouds are observed differently in MODIS (passive instrument) and CloudSat-CALIPSO (active radar-lidar instrument).

« MODIS L2 Collection 6 daytime cloud mask, cloud top

pressure (CTP) and cloud optical depth (t)
* CloudSat-CALIPSO cloud classification product (2B-

CLDCLASS-LIDAR)
» For period of 2008-2010, >267 million collocated pixels

MODIS Vs. CIoudSat—CALIPSO observatlons on July 31 2009

Cloud-Related Structures in CloudSat—CALIPSO and MODIS Product
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Global frequencies of clear/cloudy conditions in MODIS and CloudSat-CALIPSO (2007-2010)

W Clr P.Clr P.Cldy Cldy
C-C
Clr 20.9% 3.5% 0.9% 1.8%
Cldy 9.1% 3.6% 3.3% 56.9%

C-C Cloudy but MODIS Clear (9.1% of total Obs. )

C-C Clear but MODIS Cloudy (1.8% of total Obs.
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B. Cross-Reference in Cloud Classifications

a) Tropics (30° N-S)
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« Agreement between MODIS and

b) Mid-Latitudes (30-60° N-S)

C-C cloud detection is 77.8%, with
- 20.9% showing both Clear and
§ 56.9% showing both Cloudy

9.1% of observations are Clear in
5 MODIS but Cloudy in C-C,
indicating clouds missed by
MODIS; 1.87% of observations are
Cloudy in MODIS but Clear in C-C,
likely due to aerosol/dust or

- surface snow layers misidentified

o——o0— o

- by MODIS.

For single-layer clouds, ~70% of
MODIS low-level (CTP>680 hPa)

Ci As Ac St So

Cu Ns DC
CloudSat—CALIPSO Cloud Types

clouds are classified as

stratocumulus (S¢) in C-C,
regardless of optical thickness.
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Partial data coverage and changes In surface heat fluxes
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blas our estimates of climate change

Author: Mark Richardson (329J)
Graeme Stephens (3292)

 We show for first time: climate models and observation-based
calculations agree on near-term warming after accounting for
data-sparse regions and mix of air and water data.

e Air should warm more than water due to changes in surface

energy balance. Next work is how this affects precipitation to
guide JPL exploitation of missions like Cloudsat, GPM, TRMM.

Alr vs. water warming

« \Water temperature is measured over oceans, and sea ice retreat
means more water data. We take water temperatures from models to
match rather than the typical approach of using global air output.

20™ Century Present

Observations

Alr warms more than water

Air warms more because of changing heat flows and not because
water has a higher heat capacity, instead:

1. Stronger greenhouse effect warms air more than the surface

2. More water vapour absorbs more sunlight before it reaches the
ground

3. Smaller air-water temperature difference reduces upward flow of air,
but it contains more vapour and evaporative cooling dominates.

Global vs. non-global warming

T1996—2005 — T1861—1870 IN CSIRO Mk-3-6-0 climate model

Global coverage,
reported AT
0.66 °C

1996—2005 coverage,
reported AT
0.59°C
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1861—2009 i1s 2496 more than

when model data i1s matched to observations. 996 from air-
water mix, 15%0 from missing regions.

Heat flows control precipitation changes

 Next step Is to relate heat fluxes and precipitation, using fair
model-observation comparisons

e Condensing vapour heats air, other heat flows must change to allow
continued moisture flow upward

* Model responses of precipitation to CO,-caused warming are below.
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Improvements to the CloudSat-MODIS
Cloud Liquid Water Retrieval Algorithm

Author: Jussi Leinonen (329J)
Matthew D. Lebsock (329J), Graeme L. Stephens (3292)

Background and motivation Cloud liquid water content gm™ Summary

e Clouds are important modulators of the Earth 0 B e We improved the CloudSat-MODIS combined
climate system and a significant uncertainty in 0050 cloud liquid water retrieval algorithm.
climate models. B 8 e » A comparison of modeled and measured radar

» Unlike passive sensors, CloudSat can providea | & 00049 signal attenuation shows that the algorithm
3D view of cloud structure, better constraining S 0.0032 gives the correct amount of cloud water, on
climate model physics models. T, 0.0024 average.

e Cloud water content is a fundamental cloud 0.0016  The new algorithm reduces the number of free
property and a required quantity for many 2 : 0.0008 variables and makes the algorithm less
CloudSat data products. i} H T dependent on prior assumptions.

e The CloudSat cloud liquid water product has Latitude [°] o Ongoing development is focused on making the
been shown to be inconsistent with AMSR-E Global average cloud liquid water content (April 2007) algorithm usable when precipitation, ice clouds
and microwave attenuation-based products. by latitude and height, as given by the new algorithm. or mixed-phase clouds are present.

Strategy: combine the strengths of different measurements
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Radar reflectivity Path-integrated attenuation Cloud optical depth Lidar backscattering

+ Range resolved N Near-linearly related to N Sensitive to small droplets + Range resolved

4+ Very sensitive to large liquid water content (cloud water) N More sensitive than radar

— droplets (precipitation) - Single value per column — Single value per column (good for ice clouds)

- Susceptible to attenuation - Low signal/noise ratio — Daytime only + Polarization: cloud phase
= Over ocean only _ Very susceptible to

attenuation

The new algorithm allows a wider range of values Cloud liguid water path is better reproduced by the new algorithm
The new algorithm retrieves, using optimal estimation, the cloud Comparing the path-integrated attenuation (PIA) modeled
droplet geometric mean radius for each radar bin and a number by the algorithm to that obtained from surface-reference
concentration for the whole column. This reduces the number of measurements, we can verify that the algorithm produces
unknown variables compared to the old version. A comparison of the correct liquid water path on average.
these values shows that the new algorithm permits a much wider
- . . . . . T -3 PO -3 _
range of retrieved values, while the old algorithm is very restrictive. 18,0“"“37,'2“”“65_2““ o™l o o pater path ko New algorithm _
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Hemispheric energy balance from an ocean perspective

Author: Maria Z. Hakuba (329]-Affiliate)
Graeme L. Stephens (3292)

Introduction Objectives

Earth’s energy balance and its radiative components have been studied for . Novel approach: Derive hemispheric surface heat budget

decades, but large uncertainties still exist, in particular at the surface (imba]ance) from ocean heat data: Storage + transport
Imbalance is a measure of climate change, but uncertainty = imbalance

Global mean has little to say about processes, e.g., meridional heat transport _ _ _
===) regionalizationis the key . Use surface heat budget to constrain and construct hemispheric

Hemispheric energy contrasts indicate how much heat must be moved (or energy balance and associated heat transports in combination
stored) between hemispheres to reach energetic equilibrium with satellite-based radiation fluxes

Incoming TOA imbalance 0.610.4

Outgoing
solar 340.2+0.1 Reflected solar 100.0+2

Clear-sky 239.7+3.3 longwave
| / emission y radiation

Shortwave | | All-sky 266.4+3.3

cloud effect / f / atmospheric

/ 47.5:3/ g(i)l(itow S M Eth O d S

All-sky longwave

Atmospheric A , Sensible Latent cloud effect absorption

absorption  75%10 — N ' h{éating heating ~ -187.9412.5

Hemispheric ocean heat storage (OHS) from in-situ ocean temperature profiles
Clear-sky 27.2¢4.6 — | : CleaT e ission Oceanic cross-equatorial heat transport (COHT) from ocean reanalysis
IRIGsHen ek ' to surface Surface heat budget: F, = OHS - COHT for each hemisphere
C— . Ty CERES EBAF provides radiative fluxes at TOA:
; S5 il T '/\':: S From F;and TOA heat budget, we derive the atmospheric heat budget as residual
A 5l CERES EBAF provides radiative fluxes at the surface:

Together with F, we estimate hemispheric turbulent fluxes

—_—

e

Results Conclusions

Ocean heat storage (OHS)

* The hemispheric OHS and COHT are presented below
and yield hemispheric F, = OHS - COHT

e Positive heat flux into SH ocean, NH oceans release heat

* Together with CERES EBAF surface netradiation, we
estimate the hemispheric turbulent fluxes (red)

 CERES EBAF at TOA implies a northward transport of
heat, while atmospheric heat budget (residual of TOA
and surface budget) requires a southward transport
that partly compensates for the northward COHT.

* Previous studies suggest that this setup requires the
ITCZ to be displaced slightly North of the equator in

Ocean heat content (OHC) derived

. 6 - OHS (ocean, Wm'2): gl0:0.7, nh:0.15, sh:1.1
from temperature proflles down to OHS (global, Wm™): glo:0.5, nh: 0.1, sh:0.9
2000 meters depth. Change in OHC
over 20005-2015 = OHS
 Global mean OHS: 0.5 Wm
* Northern Hemisphere: 0.1

Wm-?

* SHoceans dominate the OHS WY IPRC. order to move heat in the atmosphere towards the SH
during the last decade. : ‘ :;E'pps * Associated dynamics and their causes are subject of
SH future research

-6 | [ | | | | \ | \ | |
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Southern Hemisphere Northern Hemisphere

Cross-equatorial heat transport (COHT)

0.23+0.1 PW

. : . e Solar 340.1 — Solar 339.5
—ECCOVA 007 wr” Oceanic meridional heat transport Reflected | 1.5 £ 0.4 Wm?2 il -0.3 £ 0.4 Wm2| peflected
GEOCQ2 0.5 1 (OHT), derived from eight ocean 99.7 [(ia) 0.2 | 99.6
3 - == CORE.2 -02 W : : OLR 238.9 OLR 240.2
JOFURO2 114w reanalysis and observation-based

- - NOCS 2.0 15 wWm™

5 ||~ OAFlux 255wm® datasets. -1.2+24Wm? VF, 0-3?2‘3‘—‘ 0.6 PW VF, 1.4%+2.4Wm?
—s—C-GLORS -12.6 Wm i (-1.0) N (0.9)

S || o Genachaud& Wunsch (2009) * Best estimate of cross-equatorial

al .

— heat transport (COHT, red circle): | |

Solar Solar

S 0.46 PW (1.8 Wm™) from the SH Down 186.6 | 2.7 £ 2.4 Wm?2 -1.7£2.4 Wm™| pown 186.5

to NH Up 22.2 |(23) (-1.1) Up 26.1
* Derived from the four datasets Longwave e o Longwave
i : Up 394.7 56 Up 401.8
that agree best with hydrographic Down 343.1 Down 346.7
2l l \ | ‘ ‘ | l l estimates (asterisks).
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How Clouds Affect The Vertical Structure Of
Radiative Heating Rates: A Multi-model Evaluation
Using A-train Observations

Principal Investigator: Gregory Cesana (329J)
Co-Investigators: D. E. Waliser (8000), T. L’Ecuyer (Univ. of Wisconsin), X. Jiang (329J), J-L Li (329J)

Context and Objectives Method

Simulator for Cloud Evaluation

1. Context

Clouds strongly interact with radiation and modulate the amount of energy reflected,
emitted and absorbed by the Earth system. The redistribution of energy within the
troposphere has implications for climate prediction, as it impacts the large-scale circulation,
the convection and precipitation. While passive sensor satellites have been monitoring
outgoing and incoming radiative fluxes at the top of the atmosphere for years (CERES, . B . L
TRMM), the vertical dimension is still missing and affects our ability to better understand | [ Lidar Simulator

the present climate and the climate response to a global warming as well. . |__GOCCPAlgorithm | (@' g g Post-Process o Post-Process

’ 1
. . L’Ecuyer et al., 2008 Lo Jiang et al., 2015
Cesana and Chepfer, 2013 ! : Cesana et al. (in prep) ro Cesana et al., (in prep)

B CALIPSO-GOCCP WUSEEEMM  \iode| + Lidar Sim W8 8 (Observed Heating Rate BEEW S lated Heating Rate !

2008-2014 day & night 20 years 2007-2010 day & night 20 years

Cesana and Chepfer, 2013

2. Objectives

In this study, we take advantage of two modeling experiments (CMIP5 and GASS-YoTC)
and A-train satellite observations (CloudSat/CALIPSQO) to assess and characterize the
vertical distribution of clouds in eight GCMs and their link with the radiative heating rate
profiles.

Using the lidar simulator allows: - All observations / simulations are projected onto the same grid
- Taking into account the instrument limitations - SW heating rate are normalized by SW,_, fluxes to reduce
- Using the same cloud definition (threshold, grid, sampling) uncertainties due to observation time sampling.

Zonal Mean Cloud Profile Heating Rate Profile: Case Study

ITCZ High Clouds

12 Excess of high-level clouds (black line):

141 9 Reduction of LW cooling above 11km
121 - (red thin line)

lg =>» Increase of LW cooling below 11km

6
4 =>» Increase of the SW heating (absorption)
5 i toward the cloud base (red dashed-line)

-20

Multi—Model Bias _ Stratocumulus Region
Overall pattern of clouds is well Slight excess of high-level clouds:

simulated (r=0.92 for multimodel =>» Similar biases than the previous case.

mean) he LW

too many high-level clouds cooling Significant deficit of low-level clouds (up to

particularly in the tropics (up to +15) 20%):

too few low- and mid-level clouds =>» Large underestimation of the LW

(up to -15%). cooling (up to 2.5 K/d)

Boundary layer height is too low =>» Partly compensated by more LW
radiation trapped in the lowest layers

Latitude (°N)

Zonal Mean Heating Rate Profile Correlation Between Cloud And Heating Rate Bias

BCCAGCM2.1 y CanCM4 | ) Multi-Model
0 . 0 06

Multi-Model Mean Multi-Model Bias

The shortwave heating rate (Qsw) is

globally overestimated by the models, N

which absorb too much solar radiation, TS0 30 -0 100 30 S0 ‘ ‘ | R A —
especially in the high levels.

N N N o M. => An increase of 20% in the
50 =40 30 =20 =10 0 10 20 30 40 5 g i - ke low-cloud fraction COTTESpOﬂdS
o e " o to ~ -0.1K/day in the column

-0.6 -0.6

The longwave heating rate (QIw) bias >0 S0 30 10 10 o CEO;/O 10 10 %0 S0
IS quite different depending on the ow-CF (%)

hEIght 0 CanCM4 MUItl'MOdeI

Pressure (hPa)

Radiative heating rates are pl‘imal‘ily % 30 10 10 30 50 B0 30 -10 | 0 30 50 %50 30 -10 | 10 30 50 50 30 10 10 30 S0 50 30 4o 16 30 50
driven by the LW radiation. However, - - o -

the net bias is globally positive, which - [— j & | | o 3 An increase of 20% in the

means that the cooling is too small in s o " " high-cloud fraction corresponds to
climate models. N o " e ~ 0.13K/d in the column

-50 -30 -10 10 30 50 -50 =30 -10 10 30 50 50 -30 -10 10 30 50 50 -30 -10 10 30 50

Latitude ("N) High-CF (%0)

Qnet (Kdayl)

Cloud Radiative Effect Summary

CF Bias | | CRE Bias | | We addressed systematic biases Iin the representation of cloud profiles and their effects on heating rate profiles in
b. CRE Bias recent climate models, using vertically-resolved satellite measurements.

- Most climate models simulate too many high-level clouds
(1) and too few low-level clouds (2)

~—~
©
o
e
S
D
S
-
)
)
(«B)
S
al

Qpet (K.day™)

- The excess of high-cloud increases the solar absorption
(heating) and may either trap too much LW radiation
(>11km (3)) or generate too much LW cooling (<11km (4))
depending on the height.

1000
=50

50
Latitude (°N)

=>» The cloud bias (left) and the cloud radiative effect (all sky — clear sky, right) show similar patterns

- The lack of low-cloud causes a strong reduction of the LW
cooling in the vicinity of the cloud (5) and an increase of the
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The role of winter mean moisture in climate model simulations of the

Madden-Julian oscillation

Author: Alex O. Gonzalez (329)
Co-Author: Xianan Jiang (329)

Introduction

The Madden-Julian oscillation (MJO) 1s a multi-scale storm system initiating in the tropi-
cal Indian Ocean and propagating eastward at 5-10 m s~* on 30-90 day timescales, mainly
during boreal winter. It 1s the dominant mode of intraseasonal variability in Earth’s cli-
mate system, impacting many atmospheric phenomena such as extreme rainfall/droughts,
monsoons, hurricanes, El Nino Southern Oscillation, and extratropical weather systems.

Problem

e The majority of Global Climate Models ncian Ocean MJO Propagation
(GCMs) struggle to simulate the MJO, T
especially its observed eastward propaga- 5 L
tion [3], as demonstrated in Fig. 1. oo

West Pacific MJO Propagation
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e Improving the MJO 1n atmospheric mod- 0 -
els 1s vital to medium- and long-range - oo
weather forecasting [2]. e,
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e Deficiencies in MJO propagation have

20

been attributed primarily to either hori-  .§ ° 7 L .
zontal or vertical moisture advection, de- g’ P 7
pending on the individual event [4]. P - I S v S SR

45E 90E 135E 180 45E 90E 135E 180

B [ [ [ [ [ T

-1.5-1.2-0.9-06-0.3 0 0.3 0.6 0.9 1.2 1.5

e Recent analyses suggest the horizontal
advection of the winter mean moisture by
the MJO circulation plays a critical role

in the observed eastward propagation of
the MJO, e.g., [1].

Figure 1: MJO propagation via 15°S—15°N averaged 20-100
day filtered rainfall anomalies regressed against themselves in

the Indian Ocean (West Pacific) base region on left (right).
Adapted from [3].

Main objectives

1. Investigate the relationship between the winter mean moisture field and the propagation
of the MJO using a suite of 23 GCM simulations and TRMM (Tropical Rainfall Mea-
suring Mission, 3B42v’/7) satellite observations and ERA-Interim (European Centre for
Medium-Range Weather Forecasts Interim Re-Analysis).

2. Determine 1n what region(s) the winter mean moisture 1s most important to the observed
MJO propagation in the Indian Ocean and West Pacific.

3. Formulate a diagnostic metric to be used by weather and climate prediction models.
4. Explain the physical mechanisms linking winter mean moisture to MJO propagation.

Correlations between winter moisture and MJO propagation

20N - B
O — p _ -
208 N Q\\\l ' \5' oi )
60E 90E 120E 150E 180

| T

Figure 3: Correlation between the low-level averaged winter mean specific humidity pattern correlation (15° x 15° boxes centered
at each grid point) and mean MJO propagation skill. Black boxes denote subregions for calculations in Table 1.

e The winter mean moisture pattern in the region surrounding the Maritime Continent has
the most robust relationship with MJO propagation.

e This relationship likely involves large scale physical processes and 1s not isolated to
processes occurring over the land masses in the Maritime Continent.

Specific Specific IOMJO WPMJO Mean MJO
Humidity Region Humidity Location Propagation Propagation Propagation
1) Indian Ocean (60°-90°E, 20°S—20°N) 0.48 0.51 0.54
2) Maritime Continent (90°-135°E, 20°S—20°N) 0.77 0.72 0.80
3) Western Pacific (135°-180°E, 20°S-20°N) 0.11 0.31 0.23
4) Western Indian Ocean (45°-60°E), 5°S-20°N) 0.63 0.34 0.52
5) Indian Ocean ITCZ (50°-90°E, 15°S-5°S) 0.64 0.67 0.71
6) Indo-Pacific (45°-180°E, 20°S-20°N) 0.44 0.53 0.53

Table 1: Correlations between specific humidity pattern correlation and MJO propagation skill.
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Figure 4: Scatterplot of the Maritime Continent low-level winter mean specific humidity pattern correlation and MJO propagation
skill. Red, blue, black, and green dots represent good, poor, other MJO models, and observations respectively.

Winter mean low-level moisture

e The top (bottom) six GCM simulations 1n
MJO propagation skill are categorized as 20N
good (poor) MJO models. 0

a) ERAI Reanalysis

Ny
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e The low-level (§50—?OO hPa) moisture b) Good Models |

pattern and amplitude 1n good MJO mod- NN D e é

els are in much better agreement with ° '

ERA-Interim than poor MJO models.

30E 60E 90E 120E 150E 180

. . c) Poor Models

e Poor MJO models are especially dry 1n o )\)' e
the deep tropics and in the region sur- ° -

rounding the Maritime Continent.

3(I)E 6(I)E o 9(I)E o 1210E o 1510E o 15;0
e Winter mean horizontal moisture gradi- e — o DR
ents are significantly larger in good MJO S
models, allowing for horizontal advec-
tion to be a viable mechanism for MJO

propagation.

Figure 2: Winter mean specific humidity averaged over
650-900 hPa for a) ERA-Interim, b) good MJO models,
and c) poor MJO models.

Conclusions

e MJO eastward propagation 1s well correlated with the winter mean specific humidity
pattern, particularly over the Maritime Continent and the Indian Ocean ITCZ.

e Horizontal advection of the winter mean moisture by the intraseasonal wind anomalies
1s significantly larger in good MJO models, implying more accurate MJO propagation.

e The winter mean specific humidity pattern, with emphasis over the Maritime Continent,
can be used as a simple diagnostic metric to assess the accuracy of the MJO in GCMs.
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| — Introduction : /

By storing and solving the resulting reduced\
system of equations, instead of the original one,

/Earth-Science missions aimed at the observation of clouds and precipitation require\ 3N we are able to achieve a significant gain both in
the development of a coherent EM scattering model to accurately calculate the terms of CPU time and required memory.
absorption and scattering properties of inhomogeneous dielectric particles with
complex geometries representing snowflakes of various sizes and shapes. In this CBFM-E 4 Enhancement techniaues are emoloved to
work, we apply a powerful domain decomposition technique known as the substantially re dtcjlce fhe CPUptir?]/e
Characteristic Basis Function Method (CBFM), to the problem of EM scattering by :
complex-shaped particles, and this, in the context of a 3D full-wave model based K <<3N required to compute the CBFs_and (0
on the volume-integral equation formulation of the electric fields (EFIE) . Our N generate the reduced matrix. /
main goal iIs to take advantage of the high computational efficiency of the CBFM
and Its associated good level of accuracy when modeling the problem of EM 1. Diagonal representation of 2. Use of the ACA to speed-up
Qcattering by complex-shaped precipitation particles. Y, the MBFs I the generation of Z¢

Il — Application of the CBFM to the problem of

@ @) _ 71 gref (0.0) | zE; ~ (COt, ZMoM c0))

scattering by complex particles : ’ « where FMoM _ p3Nixr ;3N
Eref,(e,([)) ) h ' J
E;7 = | and r (effective rank of Z, MoM
i N \ Frequencies of interest : ‘ i _ and-r (<e< e;: II\\II ° ra(;] BON T
(35 - 180 GH2) \ - SN
) % .. ©o | 3Dfull-wave model based on
. the integral representation of IIl - Numerical results :
(b) nY the electric field
f;*;fj,z w Method of Moments @e compute the extinction, absorption, scattering and back-scattering\
| ¢\ S (MoM) efficiency factors Qext = C./ma?, Q.. = C,/ma’, Q..~=C,../ma’ a_nd
\ p p Qus=Chis /ma?as functions of x = ka=2ma/A, and compares the results with
Pristine crystals (a) simulated using the snowflake 1 ¢ = ﬁ ; Ag = = 2 those derived from the Mie series (spherical particle) and with those
algorithm [1] and aggregate snow particles (b) vRe(sr) calculated using Discrete Dipole Approximation as coded in DDSCAT 7.1.
Integral representation of the total electric field (EFIE) © || = C.... C...and C,,. are derived
— — = = e e from the scattering matrix S :
E(T) = E™I(F)+ (kg + VV.) J x(TOGT . THE [T dr’ O — = - °
o | | f | _ W i o — : AT AT ,
where y(r ') is the dielectric contrast at the location 7', k, IS the wavenumber |q | = - lext = 77 RetS(0)}; Cprs = 72 |S(Ne) |
in air and G (7, ") is the free space dyadic Green’s function. " | o (750, )

.. . : : e e Cocar = J j —=sin(0) d6 d
Application of the Characteristic Basis Function Method : || | . e I Y T »
After _d|V|d|ng the 3D complex geometry of the precip_itatipn particle_ of N s i R S i Cops = Cont - Copar
cells into M blocks, the CBFM procedure [2] consists In generating S;

Characteristic Basis Functions (CBFs) for each block i in order to generate a | | The Scatlte“lng gml?eh”'ﬁs ngaFT\F/)Ihefaca' particle
final reduced matrix of size K x K where K =Sum (S, S,, ... Sy) calculated with the and Mie s Ty @
10" & :Qm-ddscat,; ETASCA=05 GB of RAM .
: o::-ddscat; ETASCA=0.5 T~
/Generatmn of the CBFS\ / Computation of Z° \ | o £ et '
Example : M =4 e | g
NlPWS 10" F
/C(l)t Z,CO . ¢tz c® _
s;; / 7c c(2)t 2'21 c ... @t 2'24 c“) o 102
/ \CH Zyy €D L CWEZ,,CD / __
Cr— K=S;+S,+5;+S, <<3*N o
; DDScat : 232 min |
Block I \ Compression Rate Nb_ = 140896 cells | CBFM-E : 143 min -
Size OfZC 197 50 100 150
/ \ ICR (%) =100 X — | | | o
size of ZMoM The scattering properties of a complex-shaped particle of effective radius a,=1.614 mm
\_ (max. dim. = 11.45 mm) calculated using the MoM/CBFM-E and DDScat -/
National Aeronautics and Space Administration ] o . o
Jet Propulsion Laboratory References : 'Y Kuo, K. S., Olson, W. S., Johnson, B. T., Grecu, M., Tian, L., Clune, T. L., ... & Meneghini, R. (2016). The Microwave Radiative
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Connecting Observed Trends in Ozone Precursor Emissions

* \WWe have established a spatially explicit relationship attributing methane radiative forcing (RF) to changes in precursor emissions.

National Aeronautics and
Space Administration

to Methane and Ozone Radiative Forcing

Thomas W. Walker (JPL, 329G), Kevin W. Bowman (JPL, 329G),
Kazuyuki Miyazaki (Japan Agency for Marine-Earth Science and Technology)

* Top 10% of locations with positive (negative) net methane RF contribute 50% (60%) of the total positive (negative) RF under RCP 6.0.

 Preliminary validation of mass balance inversion of decadal NO, emissions trend from OMI NO, shows no global trend from 2005-2015.

MOTIVATION

Methane (CH,) and ozone (O,) are second and third most significant gases in terms of

radiative forcing (RF).

Atmospheric abundance and lifetime of CH, and O depend critically on local chemical

environment.

Local chemical environment is modified by short-lived precursor gases (e.g., NO,, CO),

whose emission controls are primarily driven by air quality concerns.

Decadal satellite records of precursor observations enable the calculation of trends.

METHOD

* We leverage A-Train observations of key short-lived gases (OMI NO,, MOPITT CO, and
TES O,) between 2005-2015 to calculate decadal emissions trends of NO, and CO.

« We use adjoint sensitivity analysis and TES instantaneous radiative kernels (IRKs) to
determine the relationship between RF and precursor emissions changes.

 We employ a chemical transport model and data assimilation to attribute RF to emissions
at regional scales (2°x2.5°).

700/k\death/yr

Observed

TES O, IRK

Produced

TES O,

OMI NO,

Emitted

MOPITT CO

DD E

E

Chemical transport model (GEOS-Chem)

PROJECT STATUS

Sensitivity of CH, RF to
precursor emissions
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precursor emissions

Trend in NO, emissions
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chemical state

GEOS-Chem Adjoint sensitivity
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calculation

Adjoint sensitivity
calculation
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> 0.48 W/m?2
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In Progress
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RESULTS: ATTRIBUTION OF CH, RF

 Adjoint sensitivity of CH, loss

rates defines relationship
between CH, RF and grid

scale changes in emissions.

* Apply Representative
Concentration Pathway
(RCP) 6.0 to examine
potential impact of future
emissions on CH, RF.

Spatially heterogeneous RF
depends on emissions
magnitude and location.

Top 10% of locations with
positive (negative) RF
account for 50% (60%) of
positive (negative) RF.

RF from NOx
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RESULTS: INVERSION OF NO, EMISSIONS
Mass balance inversion of NO, emissions from OMI NO, to get decadal trend from

2005-2015.

Global mean trend not significantly different from zero.

Spatial pattern of trends gives reasonable agreement with independent estimate using
ensemble Kalman filter assimilation of OMI NO,, into MIROC chemical transport model.
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Analysis of Tropospheric Ozone Long-term Lidar and Surface

Measurements at JPL-Table Mountain Facility site, CA

Author: Maria Jose Granados-Munoz (329H)
Thierry Leblanc (329H)

INTRODUCTION

Tropospheric ozone (O,) is a greenhouse gas and air pollutant that affects climate, tropospheric chemistry
and air quality. O, Is affected by large spatial and temporal variability, due to large heterogeneity and
variability of the sources, different chemical processes affecting the formation and depletion of O, and its
variable lifetime in the troposphere (Cooper et al., 2014). Global and long-term monitoring systems and
synergetic approaches combining observations and models are crucial to fully understand this variability
and O, trends in the troposphere (Cooper et al., 2015; Lin et al., 2015).

At Table Mountain Facility (TMF, 34.4° N, 117.7° W, 2285 m), |
routine tropospheric O; measurements have been performed J
with a DIAL system (McDermid et al., 2002) from 2000 up to date e 8
as part of NDACC and TOLNet networks. A comprehensive [ il sty
analysis of the 16-year dataset together with the 2.5-year surface o §
data is presented here to contribute to the understanding of L
tropospheric O, in the Southwestern US. S e RS

4 )

SURFACE IDATA" FIDARIDATAS

"""""" —%— Pico Rivera (69 m)
—s— LA West (91 m)
Pasadena (250 m)
San Bernar dino (305 m)
Fontana-Arrowh. (381 m)
| __ % Santa Clarita (397 m) 20
Trona-Athol (498 m)

80 |

(o2}
o

(ppbV)

Barstow (690 m)

« Same seasonal cycle observed in the

= a0 | e 18 - :

0" s e e Surface O, annual cycle: minima in winter and troposphere with the lidar and the surface.
: __ 4 Joshua Tree (1244 m) . . . 16
. iowis ek} [ Sjpltlie SRl « Average tropospheric O, mixing ratio (MR)
123 4 s;Ms‘nth% s o0 T « Frequent NAAQS exceedance days (8hMDA >70 14 | IS 55 ppbv at the surface and between 4
ppbv) in spring and summer. ” and 8 km, indicating free tropospheric O,
. . [ is measured at the surface at TMF.
e Second local maximum in Fall. c

i e el S @ s TR (e =2, 10 « O, MR increase with altitude, with strong
ally ahc ahhua’ SUrtacte L7; Cyeies a prese < g gradients in the UTLS region (10-16 km)

very low variability and high average values (55
pbbv), typical of high-elevation remote sites with no 6 |
urban influence (TMF elevation: 2285 m)

and near the surface.

* O, large variability in the UTLS region, with

0. incr th altitude and distance to urban 4| It Surtace mixing of stratospheric and tropospheric
sources - up to 30 ppbv difference between Pico 2 . . _____ . .
50 120 350 1000 50 120 300 1000 tropopause height.

Rivera and TMF sites.

O . MR [ppbv]

1 3 5 7 911131517 192123 1 3 5 7 9 11 13 15 17 19 21 23
Hour(LT)

- . . | IPCES
[ROP. O3 TRENDS Oy SOURCES
S Wedan 5 ot per o5t perc. 12-day back trajectories retrieved with HYSPLIT model reveal five “ozone source
------ o oo regions” reaching TMF: o Strat  Cen Am ABL o AFT _. Pac
200 1 ] 'Spring || Summer " T Fall = = "7 T TWinter T T T
1-Stratosphere (Strat) o - i T
150 |
: 1 S ST cases winter
100 | | 2- Asian Boundary ol Trop. folds entrain DT cases winter
S I PSS SR Layer (ABL) stratospheric O, ST cases spring :
o o _O__O_O_a—c—o——e—o—c——g——o—o— . 11 | . . ’
e [reer - eteeeo |l o C 3- Asian Free into the - DT cases spring
= o winter 7-10 km Il summer 210k | Troposphere (AFT) £ | troposphere "
= - = : I
E 150 4- Pacific Ocean (Pac) = *1-km vertical -
S :
100 | I - 5- Central America (Cen Am) TESEIILTE LSRR e )
i Temperature —
50 500002 6 o coom o TG‘O—-_O—O——O—_O—O—O—O—O—_Q_O— - E 12 |
EESEPowv-ani See-sae | RNITIE a N ¢ profiles used to <
00 02 04 06 08 10 12 14 00 02 04 06 08 10 12 14 L_arge O, values fpr AF_T 5| 1t 1L 1t | identify tropopause < 10 | 10
Year air masses, especially in SRR | EREIRTTTrY | IR | R folds /
summer MOSt frequent 50 100 150 250 50 100 15(; 250 50 100 150 250 50 100 150 250 g | ‘ 8
: . , MR (ppbv) P
Asian influence observed ‘Frequent  trop. ( 6
. . 6 L
Q’] spring. J folds above TMF, ‘
affecting 27% of 4 | b 0 %
. the analyzed lidar 10 ° 10 °
Enhanced  values In .
summer for Cen Am air fl_owest O, values\ 4 Largest O; values assocnated\ data 7o MREPDY
_Slgnlflcant trends observed at TMF in 2000-2015 Masses (related 0 associated to to Strat air masses. | .0, dual vertical structure in the UTLS region:
In the troposphere (7-10 km) lightning-induced O, local Pacific or Most frequent Strat influence _
; E ¢ : : : : < lower-than-averaged values in t he top
: : production  during  the background In  winter/spring, reaching
T Overall increasing trend (0.31£0.15 ppbv/year, _ .S half of the fold (~14-18 km).
) _ North American monsoon) region down to 5 km
p-Value = 0.06) \_ /L / . .
>higher-than-averaged values in the
T Increasing O, in spring (0.71+0.25, p-Value = Strat 98  bottom half (~12-14 km)
-+ - — 0] 0] 0] 0]
0.01) and summer (0.58+0.28, p-Value = 0.05) 10 km JRpZ . lmpact onl lower troposphere, with higher

8 km %

ozone (+2 ppbv) at 4-6 km, influencing air
quality.

| Strat_
| 18%
8%
6 km

. J

| Decreasing O3 in winter
-0.43+0.18 ppbv/year (p-Value = 0.03)

CONCLUSIONS « Increased O, values due to Asian influence observed at TMF, mostly in spring and summer.

e Surface O, values and annual and diurnal variability at TMF is typical of high elevation remote e« Central America (associated to the monsoon circulation) in summer is an important O, source at
sites measuring free trop. O, with no influence of urban pollution and the PBL cycle. TMF that has not been previously analyzed in detail in the Western US.

e Lidar 16-year dataset reveals significant increasing trends in the upper troposphere despite the e« Analysis of the tropopause folds (27% occurrence) reveals enhanced O; in the upper

decreasing emission in the US, probably related to O, transport from international sources and the troposphere and decreased O, In the lower stratosphere. Increased O3 values (+2 ppbv) also
stratosphere. observed near the surface.

e Larger O, values obtained when air masses come from the stratosphere (mainly in winter and ¢ More details in Granados-Munoz and Leblanc, ACP, 2016.
spring) and minimum values from the Pacific.
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Pasadena, California ooper et al., 2014 (Elem. Sci. Anth.) Granados-Mufioz et al., 2016, (ACP)
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RO retrieval within the boundary layer with optimal
estimation constrained by external measurements

Author: K.-N. Wang(3222), M. de la Torre Juarez(3222), C. O. Ao(335G), F. J. Turk(334H)

GPS Radio Occultation (GPS-RO) \ Negative Refractivity Bias (N-bias) caused by Ducting

* Ducting - the phenomenon causes the transmitting ray to follow the Earth’s
curvature due to a large negative refractivity gradient.

* The high resolution RO refractivity measurements will be negatively biased
under ducting layers at the lower atmosphere.

h = 0.8 [L‘(""‘t]

in January h = 0.8 [km] in July

g - - r e

SR Y P ¢« A negative bias can be
: : | plly - f | | .y ' ‘ j observed frequently in most
» GPS-RO is an effective technique to profile atmospheric o aaaadadiaaia | [ of e cases over the tropics and
temperatures from accurate refractivity measurements. =1357=90"=45"0-0045 90 1357 18( |I"=135"=90 "=45"0=9045 90 135 18( mid-latitudes.

| " <F. Xie, 2010>

< =3, -5, —4. -3 —2. > =1,

N-bias Correction Combining Optimal Estimation with AMSR-E Precipitable Water (PW) Measurements
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« The super-refraction (SR) caused by extreme refractivity 20
gradients at ducting layers violates the uniqueness z., N0
condition to perform traditional inverse Abel transform. NN

A novel approach is shown to incorporate optimization
Into RO retrievals constrained by precipitable water
(PW) measurements, which can be acquired by NASA
remote sensing instruments such as AMSR-E and GPM.

e To choose the correct profile from the continuum of
analytical solutions <F. Xie, 2006>, optimal estimation is
used to select the one whose PW best matches the AMSR- ;
E measurement. 93 A Y N N AO! AR N NN SN S
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« The results strongly suggest that this new approach can ot [38Kkm 616km
reduce the negative refractivity bias under the ducting ool e 0.0 S - 00 e

layer and refine boundary layer height. 2000 a0 0 e R

Validation with Real Data & Next Steps + The ECMWF model will be tested as a potential Pw || Conclusions
s V.. A I source for refractivity profile reconstruction.
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Characteristics of space observations of radio and optical emissions
assoclated with TGFs
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Terrestrial Gamma-ray Flashes, or TGFs, are very strong bursts of gamma-rays (multi-MeV) that are

Introduction

Radio Frequen

routinely produced inside thunderstorms. They are mainly observed by spacecraft and satellites, and are so

bright that can cause sianificant dead-times on satellite detectors, hundreds of kilometers away.
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Electromagnetic radiation produced by acceleration of runaway and low energy electrons.
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Figure 1 Time profiles of the first twelve events discovered by the Burst and Transient Source Experiment (BATSE) on the

Compton Gamma Ray Observatory (CGRO). The time resolution of the plots is 0.1 ms per bin.

0 5§

Objective
Calculating the radio and optical emissions associated with TGFs and their propagation to Low Earth
Orbit (LEO) altitudes. The results would be very beneficial for future planning of space-borne instruments
to study TGFs, since they are most suited to be studied using space-borne instruments.

Theory

TGFs are linked to lightning initiation, but the complete details of the source mechanism that produces
them and their relations to lightning are still unknown. However, it was suggested, that they are produced
by bremsstrahlung scattering of energetic electrons, called “runaway electrons”, from air molecules and
atoms.

Relativistic Runaway Electron Avalanche:
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Figure 2 The effective frictional force and electric force experienced by an energetic electron moving

through air at STP as a function of kinetic energy.

LR | T .. F- Tags X & T - I | | —
RS L. ioa -;‘,‘- . . r e - . v . TS

: LI oY L . . . . .
. sl o - - T . v . L o

250F %

150F .-

100

X (m)
Figure 3 Monte Carlo simulation of Relativistic Runaway Electron Avalanche initiated at 100 m altitude
by a mono-energetic beam of 10 seed electrons with 1MeV Kkinetic energy. The red dotted line shows the
end of the avalanche region with includes a uniform electric field at 300kV/m.
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Figure 4 Comparison of RF emission spectral energies produced by different models proposed for the

production of TGFs, including the Relativistic Feedback Discharge (RFD) mechanism. Results are
shown for observations 400 km away from the end of the avalanche region.
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Figure 5 Luminosity of optical emissions produced by the brightest fluorescents band, 1NN,* band, at
400 km distance from the source.
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