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2.1 Future of Earth System Science ~ B=E==
30

» |f emphasizes that Earth is a dynamic planet on which the interconnected
atmosphere, ocean, land, and ice interact across a range of spatial and temporal
scales, irrespective of geographic, political, or disciplinary boundaries.

» HIKEY A FTIVIRBMETH D, KK, BF. FEM, KOS, (HIER, BUary. FEH7R
BR(CEMRIE ). SHXSFRBRZEMN, FENAT—ILTHEICFHELED TWL\D,

» JBROFANMEE. EEEOERNSRDIMEKS AT AZRPERMBZDRSTOLER, HDIE
ROZALICX I DMDBERDRE/REDIBEZIRDD L.

» Bk A7 AANDIBEENNEET D, KDAEHREHNBIGE(CIR DT & T |l - FEFNR
BRERRECFHNDILSICROIE. Z—XDILK - BHbICEK D, #EkS X5 LADOE -
MR EED_—X&Eim/IcI T2ODERNNETH D,

» FDEONEIHRRE . AVERUXODEIR, KEEIE, BRETZEFRE. MiniROF IR
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2.2 INTEGRATED EARTH SYSTEM SCIENCE ISSE:
3 RESEARCH

» Because Earth is a complex,
inferconnected system, Earth system

SPACEBORNE OBSERVAT o '8 science research has developed an
@ array of tools to understand it and its
N processes.

w» HIEK(SEM(CIBHE DTS AT LATHD
Jz&, HIEKS X ARIZFAZ TIE, HEK
EEDTOTCRAZIERET DITHDERAZ TS
V—)l7ZRFE LU TCEE U

» \THE - Mzt - i - TR, 2K
EESIL. EERZETODHFR

= FEEVH : BFT~HERROEA

= ZEFHAIRIRROEA (NI LK,
AV R—IL)

» EI)LOHE
= fRZEHEEVR | FEEHI DT, HKEIRR

Figure 2.1 Conceptual diagram of integrated Earth system science research. The system includes numerous << E.—EODEE:EIJ
spaceborne observations from satellites and the International Space Station; airborne observations from piloted N /v
aircraft, uncrewed airborne systems, and balloons; surface and subsurface observations for land and water as well

as remote sensing from the surface; controlled laboratory experiments; and computer models for Earth system

simulation.

LABORATORY STUDIES
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2.3 ROLE OF AIRBORNE OBSERVATION IS=E:
. COMPONENT

» RZEHEEDAIL, IRROFZEM AT —ILZ N/ \—TEDHRNH D,
» SHERVEEAT—ILICKDERESRNARET O TS B,
» RSULFE - I - HF  WEIH S E(T
w IRISZE)  HEFRELU
= HISREYPIE, BE LR, K- TRILF—1EIR | RSB S BB E
» AKUART(E. KBTSy hIA—AICKDDEAL - ZEDAIZRC KD EFEANNE
» MREERSRE R —ILHARVZS, NEERZER T ORIZBSZZ X CHEEOERA T2 60
» ZOHBEA - - - AKRPDFE. [R, AKD (CRETH D, HERIFZERIDAFEE + 0BT O
7 AILOBRAINTE, ZH8OARTD. Tr7OVILOLE - MYNREETE. KR ISWIRD
R, BEEREOBAIG. TOBEHANELUWZHUE— NS 2 TZAND,
» FEEACERIDE. KB - BUVSZEBDAFEEN DD
= fRZERERA (FRIEZEDORERMFE - RIE - MBRCHEBRTTIT TR, MEOHRIBOF v T =18
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70,000' Ceiling | NASAER2__J S — R

Endurance : 12 hours

roios o0 Research
Peunon;\cl :1pilot \ I \ H

: - .
65,000 Ceiing Aircraft N\ )[H 7‘5'*2 )4
33 b ) AL ZE Az

Rango : 11000+ nml
Personnel : uncrewed
NASA WB-57
Endurance : 7 hours
Payload : 8800 Ibs
Range : 2500 nml
Personnel : 2 crew

Ll
-1l

60,000' Ceiling

Payload : 5600 Ibs

50K ft e
e nge : 5500 nmi
y 51,000’ Ceiling Personnet: 20 (2-5 crew)

\ ) NSF G-V
% Xx >“ B Endurance : 12 hours

NASA DC-8

Endurance : 12 hours
Payload : 30,000 Ibs
Range : 5400 nm!
Personnel : 50 (8 crew)

NASA B200

Endurance : 6 hours
Payload : 1850 Ibs
Range : 1300 nml

Py 1:4 (2 crew) -
ersonne cre NOAA P3

Endurance : 9-11 hours
Payload : 14,700 Ibs
Range : 3800 nm!
Personnel : 20 (8 crew)

NSF C-130

Endurance : 8-9 hours
Payload : 23,000 Ibs
Range : 3000 nmi
Personnel : 19 (3 crew)

NOAA Twin Otter

Endurence : 4-6 hours
Payload : 4400 lbs (incl. fue! + personnel)
Range : 600 nml (at low altitude)
12.500" Calllng Personnel : 8 (2 crew)
(without Op)

Figure 3.7 Principal U.S. research aircraft with nominal performance specifications shown in order of maximum
operating altitude vertically and nominal payload horizontally. The dashed line illustrates the approximate
tropopause dependence on latitude. The U.S. and international fleet of research aircraft is far larger than shown
here (see Section 2.4) (NASA Airborne Science Program, 2017). SOURCE: Chelsea Thompson, NOAA.
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4 The Role of Airborne Platforms in

Addressing Emerging Science
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4.1a Coupling of the Water and Energy Cycles =

35

» KEIRIF—DEERE. ﬂl’.BR/ZTA@‘*H"OZODEFV’E:E?jDtZ‘C@“ IK(E B DIRREN S A
0)4%?%5/\ (;152—?_» AR, BUR) | iT E%HTFYZD\'DF‘:UO)HTFYZ (,’Eﬁlé cER :I:iaéwkﬁ 1113"F7J< JI"IEE =
$UL7’EI’G7\ (/ NRCIVTR K’fnﬁi%@t“) ZITLC) (4.1) : 7J<ctlfu’\)b:\f—0)?}§f;%%f¥ﬁ’£§“57t
HICF. KERDT I:It'Z’CDﬁSIBTJﬁ'TE(:J:D TEEITIEEPRBEOIFRIINF—EES(EUTEEIT S0
EMNHDFET,

» KSIBIF(L KDIRRE, BTEL. Wtl. ELTCINSDE
EICEEAN B ITRILF—ZFE=L T BIHDEKRN R
HZRELUTWET, E=(LT BDCHDOERNIRIEE
ZHD>TWET,

» fRZERICKBEHBIE. K- ITRILF—BIROBERE
BETOCROHBBICEM L CLET, F/o. 2R
FEOTAMMY REUTO®EIZRZL., ZILTUX
LADFT A MOFEEDKIE - #R3E (Cal-Val) ZHRk—
~NLUTWET,

Figure 4.1 lllustration showing key elements of the coupled water and energy cycles. SOURCE:
https://disc.gsfc.nasa.gov/information/documents?title=Water%20%26%20Energy%20Cycles

Q)
®
D)
+
@
-
o)
o
Q
0,
+
o
o
>
Q
(%)
-
o)
o
)
O,
+
o
@)
o
wn
®
)
<
o
=z
o
D]
Z
%
Tl
o
z
(@



Q)
®
D)
+
@
-
o)
-
Q
0,
+
o
o
>
Q
(%)
-
o)
o
)
O,
+
o
@)
o
wn
®
)
<
o
=z
o
D]
Z
%
Tl
o
z
(@

4.1b Physics and Dynamics for Improving NE =
W Weather Forecasts

S5 - SEEFINOBECHELOFATPTRECTONSYIRN - HEMT ey
OtRELDREIBRTZE. TRDSE. UFOT EOERAAREIR g —

E
; . Cumulonimbus

= KREE - - BKEEDRE/ER -

= KIEHSORE. TNOEBEHEROKHZE B PIRE] v PRy §

» KA —REBFE (PBL) BH~PBL—EHBASBOEERE, E#E. TRILF—R T e imaasags
» SRS RT A EEDERIE & OEB R EOHYIBETE I L EPRARAREE - C.”"f_f’_lf‘f“"”;‘;jﬁ‘;;mm
= XSRS EBEHHR C DIREER 2 W = Hems w’ , e

KOBPZ(LZHSHFHE T OCREJFRPOUR(CTT D12 /T MHIREAREL, cquatr o°
— i]‘mu@ﬁ"ﬂﬁ"ﬁtﬂﬁ & j(*ﬁ*i d\Y\;g‘% SATAE @%EI/ZI_\% i@ﬁg? D & 7?95%%*&@'{%%3@% Figure 4.2 Interaction of clouds, circulation, surface energy exchange and radiative processes. SOURCE: After Bony
2B E(CHRRT D2 DI 72D, —

EEXRKUBIROEEFAOIERR (L, HBKSURDOFRERI AT (CHE AR R
= PBLACIDEMRER CHEFR T SIEBE
= REDECER. EHE, TRILE—EHRNCHET BREVHRES &
= KOWEZAL, BERBREIOFRIMIRE] COEBEMRRED, ERMEE. BN (e

B, ASIBBROEM 2 BIRIE DI, e |
ﬂfbw*%&ﬂhﬂ\“ DiEEl %" Satellite cal/val

PBL, EEHNREL AS-BEISYIR, B, IFOVIL, SREE. BEREORSE  ~~@ [ oo vaumion

pil] Limited temporal and Data assimilation )
spatial coverage Process studies Weather and climate models

= FEHSOHRMODMMT IR, FEHMSOEHR Eih EhSDElZE DR < 15E ossEs
» BEJ: . EEEIJ:\ *J:tnwgﬁiﬂubttBJ:b\Bwkﬁﬁ;ﬁ“ a)mEEjos \y I\ 7 z— _A Figure -_‘&.3 Schemati_c repr?sentatich of the integrated observing svste_m for phys:ics and .dynamics of weather.

Observing System Simulation Experiments (O55Es) are used for assessing potential data impacts and developing

- ﬁﬂ;:E;-‘)b(:;_\_g EE{# observing systems. T represents temperature and q represents water vapor. SOURCE: Amin Nehrir, workshop

presentation.

Global cover. age of key constituents (T, g,
winds, clouds, aerosol, composition)
Limited temporal coverage

Limited vertical resolution
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4.1c Air Quality and Atmospheric Chemistry— =&
g Chemistry Coupled to Dynamics

ASDFHRDABNIREE) (C X DR RE(L
» FEFEE. I)LF—FIA. B3R THHAR. F

» KAKUE, KEBAY>. [k, ERRROBELDT «— /Ny D
(B« BN, ACBEK AR T DRAE) N\7E

ASKERDZE(L & EDIERS AT AN DFHEZ MR —IU
NSRRI —IVETEFET ZBE

» ZEfE CIFECRET 22RO (ZESIRLRTNT - ¥IE)
L2DEFBEiE. HEh. 8XR SAENRE,

el . TKEOBAICRLD, AT, BEREN
(RN EREET BNE

ARZEHEEUR(C(E. THRES KO TEPRERBD—EBCH LT,
AR EFZFHH(CEDBTRAT DS LN KOS TULND,

» HGEHANEIDEI—FSETIIVEZEHIEDORICKLSHEH

Integrated Strategy for Atmospheric Chemistry Research

k Satellite Remote Sensing F

Advantages:

Global coverage of key constituents (T, g, winds,
clouds, aerosol, ozone, ozone precursors)

- Limited vertical and horizontal resolution

Limitations
- Limited temporal coverage (i.e., revisit time)

Y

Y Daytime coverage only for some measurements

~ &
- % s

Aircraft-Based Observations Modeling

Advantages: 4 Capabilities :
Comprehensive remote sensing ¢ B - Source-receptor relationship
and in situ measurermants ol Satellite calibration and validation for pollution

atmospheric parameters and ) Retrieval/algorithm development - Inverse modeling for emissions

composition Model evaluation/validation ~ Climate modeling (e.g. aerosol
- Detailed vertical structure AP radiative forcing)
Data assimilation p :
Technology demonstration o3 ~ Detailed chemical processing
Correlative information -~ Weather modeling
RN OO Process-level and system-level und ~ Observing System Simulation
Limited spatial coverage Experiments (OSSEs)
- Limited temporal coverage Advancing understanding of the Earth § P
4’4
& d o,
—— i BN
Ground-Based Observations Laboratory Studies
Advantages : Capabilities :
- Comprehensive in situ atmospheric - Chemical kinetics
composition measuremen’ ts - Aerosols
- Passive and active remote sensing - Spectroscopy
- Continuous day/night observation - Chamber studies
- Long-term records - Controlled process studies

Limitations
Limited spatial coverage

Figure 4.4 An integrated research strategy for atmospheric chemistry, showing the strengths and limitations of
each perspective and their collective contributions to advancing understanding and predictive capabilities. In the
satellite remote sensing portion, T represents temperature and q represents water vapor. SOURCE: Chelsea
Thompson, NOAA.
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” 4.1d Ecosystem Change—Land and Ocean
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In situ biodiversity observations
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FIGURE 4.5 An integrated research strategy for ecosystems shows the value of including information from multiple
» JZEMT Sy D% —Aldk. ERERIATTICETEET DT )LD o rvogen coners (v non-stictra cobotyohses (450 a1 s scamnrs mesirig e
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Modified from Jetz et al. (2016).
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4.1e Sea level Rise in a Changing NF 3=
g Climate and Coastal Impacts

B ER

» (OB EADEE N AN

» HE - XEORRNEFORFEE/KOSMENEBRHERE

B FHDRR

1. B sRZE5 9 BFOmEL

2. EICEBET)—>T> ROKKRDOBMR (LD BEANDE
SHA

KERICDWTIE, YRINS >R (BEURRERIC K BKDFE

BE, i, BE. fRKORL. KADORIE(C KB

WMADINS > R) WNEBEIR1 >~

gHlEETVYU>ODmAENMRET, GEVE—M>S

SOHEIE. CNBSDINSA—IDFT—IINEDEE]

IRZERELAI L. BE=vS 3> DDFv v T xIBoie

D, GIES—FOREVCHERIEESS(ICUIED., 3]

DOEVHItZEN S BEE S 9 3afREDRENIZIT D,

hydrological cycle

glaciers

atmosphere-ocean ice sheets
interaction and shelves

mav A
~I o
ag "<

F

relative

ground water .
sea level

ocean properties
ocean circulation

| geocentric
‘ sea level

Figure 4.6 Processes contributing to sea level rise include mass additions from melting glaciers and ice sheets,
thermal expansion of the ocean as a result of ocean heat content increases, groundwater releases, isostatic
adjustment changing relative sea level, and alterations of the hydrological cycle. SOURCE: IPCC, 2013.
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Figure 4.7 Overview of some common surface dynamics, geological hazards, and disaster processes that occur on a
range of timescales. SOURCE: Modified from St. Germain (2020).
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Figure 4.8 (top left) Schematic of the DC-8 equipped with multiple instruments, including Doppler lidar. (bottom
left) Flight path of the DC-8 in Tropical Storm Cindy on 21 June 2017 (purple line). (right) First of its kind
observations made using the DC-8 with Doppler Wind Lidar (DAWN) and dropsondes that captured 3-dimensional
winds and shear prior to the landfall of Tropical Storm Cindy during CPEX 2017. SOURCE: Adapted from Chen
(2019).
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Institute for
Space-Earth

Coupled Boundary Layers/Air-Sea Transfer IS=E-

) (CBLAST) 7« —JL R&EDH (Black et al., 2007)
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Figure 4.9. Example of Measurements and Platforms Observing Hurricanes during the Coupled Boundary
Layers/Air-Sea Transfer(CBLAST) field campaign. Platforms include multiple aircraft (NOAA P3 and Air Force C-130)
equipped with radar and lidar (indicated by yellow triangle), and air-deployed GPS dropsondes; ocean floats

(underwater) and drifters (surface measurements); and satellite remote sensing (satellite image of Hurricane
Frances in 2004; NASA). These platforms were used for observing extreme wind, precipitation, surface waves,
ocean currents, and temperature in hurricanes during CBLAST (2003-2004). Vertical ocean profile and float/drifter
drawings adapted from Black et al., 2007.
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