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Land Cover Change and Climate Impacts:
MSFC and Huntsville, AL

* Huntsville, Alabama (pop, 180,000, metro region 410,000)
« MSFC occupies about 2 sg miles, 2500 C.S., 4500 contractors

« Centered within Redstone Arsenal Army Base, a 100 sq mile facility
bordering Huntsville and the Tennessee river, employing over 25,000
government and contractor workers

« Support exploration, leading development of a new family of launch
vehicles and lunar / other landing missions

* Propulsion, space transportation, and Space and Earth science
activities

« Test stands, world class instrument calibration facilities
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Expected climate change indicators

« extremes in temp. and precipitation
« prolonged periods of drought
Impacts on MSFC

« Unique facilities at risk from localized ¥
flooding, wildfires, severe weather : :

 Extreme heat and air quality |ssueEV61|Uate micro-climate Of MSFC
also enhanced by urban growth

 Install 12 weather stations and integrate
data into Center operations

HUNTSVILLE RAINFALL

| Annus toa « Monitor / evaluate variability of
NI temperature and precipitation

PRECIPITATION (INCHES)

« Assess land use change / urban heat
Island issues with satellite data

* Integrate results into long-term facilii
plan for Center .
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=7 Climate Hazards and Vulnerabilities

« Hot and humid summers, mild winters, >55” rain (mainly convective),
long periods of drought

» Prone to tornadoes, numerous localized flooding events (damage to
Infrastructure and clean rooms), air quality issues related to ozone
and PM2.5

« Expected climate change impacts — warmer temperatures, more
extremes in temperature and moisture — more extensive floods,

droughts, and air quality issues
 Flooding of facilities, wildfires, HUNTSVILLE RAINFALL
severe weather risks (lightning /

tornados), air quality health risks
to employees
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« New infrastructure designed with
climate impacts in mind — e.qg.
Bldg 4220
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Land Cover and Climate Change Impacts




Land Cover and Climate Change Impacts

LJAssess land use changes — Urban heat island effect

« use NASA satellite data to assess land use change across the
Center and surrounding areas

» extend 1994 urban heat island (UHI) study of Huntsville to include
MSFC and RSA relating land use change to increase in UHI

UData
» Landsat data — airborne thermal infrared sensors (1994)
« MODIS, ASTER, Landsat, others for 2010ps

UWork to mitigate effects of land use
Uchange and heat island on Center
Uactivities

« facilities planning
* landscape design

* building modifications -
UNight-time infrared map of
urban temperatures
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11 ites across MSFC

* 10m wind speed and
direction (not shown)

« 2m temperature, humidity,
rainfall (below)

Real-time transmission (1-
5 min intervals)

agery Date: Sep 6, 2010

Climate Change Impacts

© 2011 Google
© 2011 Europa Technologies
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g o
ramatic increase In urban-residential land use category from 1992-2001

B ater

|| Developed Open SpaceRecreational Grasses

B Fiesidential/ Cammercial

B Eare Sol | Transitional
| Deciduaus Forest

| Evergreen Forest
| Mived Forest | Shrub
B iqricubural | Pasture
[ | Woady Wetlands

[ |Emergent Herbaceaus Wetlands




_..zi._\._?_}?‘?t% Conversion of forest,
shrub, and agricultural land

RS A T to MSFC infrastructure

b w .‘E" 51 substantially changes

. i .| surface thermal signatures

Spatial Mean Landsat-derived LST Per LCLU Class

WJuly30,1990
mJune7,2000

(Need to determine
iImpact on local
temperatures




Landsat-derived NLCD-1992

W vater
[ | Developed Open Space/Recreational Grasses
I Residentiall Commercia

W Bare Sail | Transitional

[ Deciduous Forest

[ |Evergreen Forest

[ Mived Farest | Shrub

W picultursl | Pasture

(] Woody ‘Wetlands

[ | Emergent Herbaceaus Wetlands




Landsat-derived NLCD-2001

W vater
[ | Developed Open Space/Recreational Grasses
I Residentiall Commercia

W Bare Sail | Transitional

[ Deciduous Forest

[ |Evergreen Forest

[ Mived Farest | Shrub

W picultursl | Pasture

(] Woody ‘Wetlands

[ | Emergent Herbaceaus Wetlands




WAL ML

30

25

20

0 _

" 2001

spuejap snoaseqiaH jushiawg

spuepapmApoop

ain)sed/einynauby

qnuys /3sa104 paxin

}s9104 usaibiong

18104 snonpilaq

Jeuonisuel] /|ios aleg

el suiwoj/jenuapisay

sassels |euolealdlay /jadeds uado padojanag

c
©
©
S
©
T2
193eM £3 5
Bd/
WMAI
o %)
amAm
Q g Z2 N
m_luht4/
D.WM,I.
(0] =
T .-o& &
wn 0O 2D
Oooaaga




Emissivity 1992

Uslide Prepared By:
UDr. Mohammad Al-Hamdan
JUSRA at NASA/MSFC
OApril 21, 2011

UEmissivity
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UBased on a look-up table
in Snyder et al. 1998 and
given that our analysis is for
a period when the vegetation
Is green.




Emissivity 2001

Uslide Prepared By:
UDr. Mohammad Al-Hamdan
JUSRA at NASA/MSFC
OApril 21, 2011
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UBased on a look-up table
in Snyder et al. 1998 and
given that our analysis is for
a period when the vegetation
Is green.




70

60

50

40

% Area

30

W 1992

w2001

0.969 0.974
(Used for Bare Soil;  {Used for Shrub
and Developed Pixels)
Pixels)

0.980 0.989 0.9895 0.990
(UsedforCrops (Used for Deciduous (Used for Mixed (Used for Evergreen
Pixels) Forests (assuming Forests Pixels) Pixels (assuming
they're mostly they're mostly
Broadleaf); Needle)

Wetlands, and
Water Pixels)

Emissivity




Uslide Prepared By:

UDr. Mohammad Al-Hamdan
LUSRA at NASA/MSFC
June 8, 2011

Landsat-derived LST July 30, 1990
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Uslide Prepared By:

UDr. Mohammad Al-Hamdan
LUSRA at NASA/MSFC
June 8, 2011

Landsat-derived LST June 7, 2000

QLST (K)
=14

. 290




Spatial Mean Landsat-derived LST Per LCLU Class (July 30, 1990)
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Spatial Mean Landsat-derived LST Per LCLU Class (June 7, 2000)
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Spatial Mean Landsat-derived LST Per LCLU Class
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Weather Data Huntsville International
Airport

Date Min ( F) Max ( F)  Precip. (inches) Temp@10am ( F) RH@10am (%)
6/5/00 63 78 0.76

6/6/00 56 74 0.0

6/7/00 53 80 0.0 69 51

7/28/90 68 91 0.0
7/29/90 67 93 0.0
7/30/90 69 94 0.07
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» 1950: 4, 1980: 28, 2002: 39, 2015: 59 megacities worldwide; 2/3 in
developing countries, resp. South and East Asia

» 2002: 394 Mio. people, of these: 246 Mio. in developing countries, oder 215
Mio. in Asia; in the year 2015: 604 Mio. worldwide

» Population data tripled between 1970 and 2000: e.g. Mexico City, Sao Paulo,
Seoul, Mumbai, Jakarta, Teheran
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Urban Analysis with HyspIRI Data —
Regronat to Global Scales

B Connecting urban environmental processes and climate

MASTER

3 day/night
pairs
SUMMER

3 day/night
pairs
WINTER

%:- 25! Urban 4D
I
= Structures

Vegetation

S R S . - ® Temperature
M. Imhoff — Goddard Space Flight Center @




CLOBAL: climate change

LOCAL:
air pollution

health effects

Seto and Shepherd (2009) originally in Hidalgo et al--38. Hidalgo J, Masson V, Baklanov A, Pigeon G,
Gimenoa L: Advances in Urban Climate Modeling:Trends and Directions in Climate Research.
Annual New York Academy of Sciences 2008, 1146.
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B Emission Sources (Surc: Purdue University)

M. Imhoff — Goddard Space Flight Center




Consequences of Urbanization on NPP-Carbon in the United States

What is the overall impact in
North America?

—Has the NPP-carbon sink been
reduced?

—What are the consequences?

(JHow does urbanization interact
with climate locally?

—Is there a recognizable effect in
the NDVI signal at 1km spatial
resolution?

—What are the seasonal dynamics?

—Is urbanization’s impact on NPP
balance positive or negative?

M. Imhoff — Goddard Space Flight Center @




Consequences of Urbanization
on NPP-Carbon in the U.S.

e CNPP i
QUrbanization and NPP N Lost or Ga r!ed,(annual)
NEEH CDue to Urbanization
- ecreased 41.5 M tons C / year. ’
| i Q6oing from a pre-urban to a post urban world
- Roughly equivalent to the increase

L created by 300 years of agricultural
0 development.

UHow can this happen when urban areas occupy,
only 3% of the land surface and agriculture
occupies 29%?

ULocation, Location, Location.

QUrbanization is taking place on the most fertile
lands

NPP (MtC)

UReduction of NPP may have biological - 00 300
significance:

-Annual loss of food web energy 4oo Trillion kilocalories
O (roughly equal to food energy requirement for 448 million people).

- Reduction of actual food products equivalent to needs of 16.5 million persons annually
O (about 6% of US population).

M. Imhoff — Goddard Space Flight Center



e and Fluxes?

QDifference in Divergence
(Atlanta - No Atlanta ~ UAtlanta No Atlanta

8w

INEARUBARSESAS S RAAEAESES RAgaRrln s S0 A0S Sl
NNANNS  ndn s Poty Ap-induindac

LA

T T i 1

»

\\\.\\\\—B\\~-\-.s-‘~:7, -

.- e - -

a— \\\\\\7/,:(./—‘
TANSNETN NN NN~

e T T SN N ~,>""~—\‘—~\-~‘:

sl siloidesdinn

R Sl A I A R Y

N

1

N :

. \\\\\.\\\-~~s\"\-\\~'.\\/}.
N

~

Al

e e

'~ { 4
T el N
~ P~

S W RONN NS
= e
N

cer-

Q 40 a0 120 160 R0Q 240 =00 320

— e

— e . ]

- N
T e~ T e == e ]
. o g P P g e )

O A A AL

S

L -
Bl o ——

A e T

e T N

A e e e e e e e e e

I PETCTET | T Lasiiis PO T

20 30 40 50
VECTOR: 3.7 m o} s

CONTOURS: UNITS=oone LOW= 2.0000 HICH= 2.0000

(T I ) (] [ [ P (R M ;
-4 -8 2 10 |8 28 @ 34

40 Bd 120 180 200 R40 280 220 380 400 440

B Shem and Shepherd (2009) found that Atlanta can initiate or enhance pre-existing convection
through enhanced convergence (left) and sensible heat flux (right and top)




Urban surfaces and morphological parameters are
still poorly represented in most studies of urban
effects

Unified Noah/OSU Land Surface Model

Ag? N Glien

Transpwation  Evaporation Turbulent Heat Flux to/from

Preciptation Snowpack/SoilfPlant Canopy

Condensation

Depostion/
Durect Soil Sublmation
Evaporation

Evaporstion
from Open Water

toffromn
snowpeck

UShepherd, Burian, and
colleagues (2009) have used
lidar derived urban canopy
parameters and an Urban
Canopy Model embedded in
WRF NOAH.

i Ingjght




B Time series of airborne lidar, multispectral, and thermal sensors to provide the
4-dimensional (space and time) observations required to parameterize, test,
and further develop models that explain and predict the influence of
urbanization on earth system processes at the local, regional, and global
scales.

« MASTER (MODIS/ASTER Simulator (50 channels 0.4 - 13 um @ 12 m -diurnal)

« LVIS full waveform and elevation products at (7.5m spot size) @/
M. Imhoff — Goddard Space Flight Center




MASTER

3 day/night
pairs
SUMMER

3 day/night
pairs
WINTER

Urban 4D

Structures

Vegetation

Temperature

: iy S U3D16
M. Imhoff — Goddard Space Flight Center @




The Need for HyspIRI Data

MASTER
3 day/night
pairs
SUMMER

3 day/night
pairs
WINTER

Urban 4D

Structures

Vegetation

Temperature

B =0 i ) U3D16
M. Imhoff — Goddard Space Flight Center @



The Need for HyspIRI Data

Multi-scale Combined Classification
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Arfecine HR Bedding wakth

M. Imhoff — Goddard Space Flight Center



MASTER

‘ " 3 day/night
e pairs

SUMMER

3 day/night
pairs
WINTER

Urban 4D

Structures

Vegetation

Temperature

M. Imhoff — Goddard Space Flight Center




HysplRlI Combined Composite Data Set
Advanced Product for Urban

Ecosystems Analysis

HyspIRI VSWIR/TIR
composite data set

HysplIRI (quantitative integrative
Hyperspectral measurement of urban
surface reflectances
VSVI:V'lrlz dLuec‘:,tel L temperatures, and ’
H emissivity across the urban
(NDVI, fPAR, multispectral Level Il ecosystem)
surface product (8 TIR Bands)

reflectance (surface temperature, radiance,
characteristics) [day/night], emissivity) A



HysplRI Combined Composite Land Use
Change Advanced Product for Urban
Ecosystems Analysis

[ L] nsiceucs
£ 4 [ | county Outine |,
oo [ New Urban 1991
_‘_5, I e Urhan 1995

“HyspIRI VSWIRTIR
composite land
cover change data

Hyperspectral set
VSWIR Level 1i (quantitative integrative
Product T8 measurement of urban
(NDV.!f, fPAR, HySp IR surface reflectances,
surface = temperatures, and
reflectance mUItlspeCtral Level I emissivity across ihe urban
characteristics) prOdUCt (8 TIR BandS) ecosystem as they chan

(surface temperature, radiance, through time)
[day/night], emissivity)



HysplIRI Combined “Integrated”

Ecosystems Analysis

HyspIRI Hyperspectral VSWIR Level Ili
Product
(NDVI, fPAR, surface reflectance
characteristics)

Spectral wavelength (2)

S %
HysplIRI VSWIR/TIR and Lidar
composite data set

(X, y, z surface reflectance/thermal
interactions of urban ecosystem
processes)

HysplIRI TIR multispectral Level 11
product (8 TIR Bands)
(surface temperature, radiance,
[day/night], emissivity)




HyspIRl Combined “Integrated”

—  Topographic Advanced Product for

Urban Ecosystems Analysis

(NDVI, fPAR, surface reflectance

Z> Hyperspectral VSWIR Level 1l Product
characteristics)

bigitél Topég}aipli;; Data
(DEM)
HysplRI VSWIR/TIR and DEM
composite data set

( hyperspctral/day/night TIR digital
elevation model data sets))

& HyspIRI TIR multispectral Level II
product (8 TIR Bands)
(surface temperature, radiance,
[day/night], emissivity)




