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Land surface models (LSMs) are essential components of general

Land Surface Temperature

circulation models for representing exchanges of heat, water, and Com paring Model with Satellite Infrared

trace gases between the atmosphere and the surface/biosphere

system. Currently there are substantial uncertainties and

discrepancies among LSMs . Thermal infrared and microwave Example for monthly-mean LST July 2003

satellite data can provide information very useful for analyzing Model: National Centers for Environmental Prediction (NCEP)

LSM performance, complementing information from visible and Global Data Assimilation System (GDAS)

near-infrared data. Satellite: Moderate Resolution Imaging Spectroradiometer (MODIS) on Aqua

Infrared measurements of the surface respond principally to the :

surface skin temperature. Discrepancies between modeled and _ & ree IS

observed temporal trends in land surface skin temperature (LST), ol - o © b osl Night | Bias= 0.6 K -
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A limitation of infrared retrievals of surface temperature is that - 5?"* oray areag have fewer than three ogar ¥ e | ]

they cannot be reliably made in cloudy conditions and are — T 10 5 " 5 10

degraded in the presence of airborne dust. The clear-sky 80 o3 27 o0 21 > 50

restriction leads to biases in LST analyses. - e A (i A——

Microwave measurements of the surface can be made through | I , s sl Day ol Bias=-7.3 K

most non-precipitating clouds, but land surface microwave

emissivity can be highly variable in time and place. In addition,
some soils and land cover types (e.g., dry sand or senescent -
vegetation) are semi-transparent to microwaves and so the

microwave thermal source may be vertically distributed th

the surface cover and the soil. Despite these complicating ’
factors, the most relevant factors affecting land surface emission
have spectral/polarization and temporal signatures that enable

local surface characterization under cloud cover from a
combination of antecedent clear-sky microwave-infrared
measurements and real-time microwave-only data.
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* NCEP LST: NCEP global final analysis dataset at 1° resolution and 6-hour intervals

* Clear condition: MODIS clear ratio = 98%

Negative daytime bias spans arid regions

» Spatial & temporal interpolation: Bilinearly interpolated to ISCCP grid and MODIS Aqua view times 1:30 am and 1:30 pm

How Consistent are Sources of Satellite Infrared LST?
July 2003 Monthly Means for Clear Conditions

MODIS LST: Aqua L3 daily V4 5km

Very Different Diurnal Amplitudes

grid, ECT: 1:30am and 1:30pm

ISCCP LST: composite of
geostationary and polar
products, DX level 30km equal-
area grid at 3-hour intervals

Spatial regrid: MODIS 5km LST is
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Consistency with independent microwave
data is better for MODIS than ISCCP LST,
indicating that MODIS is more reliable

Microwave Metric of Surface Moisture Change or Stability

Satellite: AMSR-E on Aqua

The 11-GHz brightness temperature polarization ratio
B B
R11=T, /T11H

is a very useful indicator of any change in the state of
the surface, such as due to soil moisture, vegetation
greening or harvesting. The 11-GHz channels are
insensitive to the atmosphere (outside of precipitating
clouds, which themselves induce changes in surface
properties) and the ratio is insensitive to LST.

Example of R11 time series characteristic R11 Standard Deviation over One Month

of a slow seasonal trend interrupted by two

events of surface wetting and dry-down
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Northern Sahel (15°N, 2.97°E) July 2003 0002 0.008 0.010 0014 0.017 0.021

An automated algorithm made segmented linear fits
(red lines) and flagged apparent outliers
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Combined Microwave and Infrared Analysis

Simple radiative transfer model for surface effects

Tvp —TT-I-Z' [g 1, ( —gv,p)Tj]

T8  brightness temperature at frequency

np v and polarization p

&, » emissivity

effective temperature of microwave

eff v emission

TT Tt atmospheric upward and downward

v effective temperature
7, atmospheric transmittance

For moderately-heavily vegetated and moist
surfaces, Teﬁ,v ~ surface skin temperature ~
footprint-averaged LST retrieved from clear-sky

infrared measurements

v,p

e,,~([r? 1"~ 1" )/c,LST-2,7") @

For sparsely-vegetated dry surfaces, the

surface/soil is transmissive, and T

sub-surface temperature.
Effect of thermal gradients in the soil:

—mid-day 7.,
— mid-night Teﬁw

<LST
>LST

eff v

“Effective” emissivities retrieved from (2) are

diurnally biased:
mid-day ¢,

<mid-night €, ,

represents

Alternatively for sparsely vegetated, dry surfaces,
we use 1D heat flow model with periodic forcing
(following Prigent et al., 1999)

T(a,0)=T,+ > A4, exp(-a~n)cos(nayt +¢, —an)

Depth parameter |:> o =d. o, /ZK

Boundary condition is surface skin temperature
constrained by infrared LST or high-
frequency microwave

Adjust parameters (a,, ¢, etc) to get layer-average
temperature agreement with microwave effective
temperature obtained from (1):

TOa,,t)= jT(az)da T,

a,, is effective em|tt|ng depth at frequency v

Condensation/Evaporation Diurnal Cycle Detection?

Day-night difference of microwave effective emissivity: mid-day &, |

10 GHz H-pol. rnt:nthlt,f mean emlsswlty day-night difference, Jun
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Negative differences in dry areas,
as explained above

Large positive differences appear in the “corn belt”
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- mid-night &, NDVI = indicator of green vegetation
MO May

Corresponds with area of relatively low vegetation in spring and large increase over the summer

Dew formation / evaporation?

Microwave/infrared analysis is consistent with nighttime dew reducing emissivity by
increasing scattering in the vegetation canopy relative to daytime

The nights when the emissivity is ~ same as day may correspond with dew-free events
Nighttime fog is another possible explanation (positive errors in MODIS LST would
induce negative emissivity errors)

Additional analyses indicate most alternative explanations are unlikely

In-situ data from lowa field work will be used for further investigation
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Microwave Provides LST Without Clear-Sky Bias

Time Series for August 2003
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On clear days with available MODIS clear LST measurement (squares and diamonds): High agreement of
AMSR microwave with MODIS IR measurements

Cloudy days without MODIS clear LST measurement: The retrieved LSTs capture the synoptic trends

Conclusion

Microwave and infrared data provide
complementary LST and moisture-related
products that are a valuable resource for
identification of model errors, and for
detailed studies to attribute the errors to the
components of LSMs that control LST and
moisture, and to provide guidance for model
improvement
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