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ABSTRACT

This document describes methodologies to createnalyomaps of net radiation, land surface
temperature (LST), and fraction of Absorbed Phattsstically Active Radiation (FPAR) for
drought monitoring.

A tool for calculating radiation fluxes at high siph resolution and high temporal frequency was
developed allowing a daily monitoring and anomalglgsis of net radiation for drought monitoring.
The work carried out in CEOP-AEGIS allowed to deypeimodelling algorithms and their toolkit to
compute time series of net radiation based on bi@saderived from remote sensing observations, as
well as meteorological variables from spatiallyempiblated mete—station data or re-analysis data.
The time series of net radiation produced at a fime and spatial scale are used to analyse net
radiation anomalies in the perspective of drouglatracterisation and monitoring. Anomaly maps of
radiation fluxes are created both for China andridra for the period between 2001 — 2010.

Vegetation will respond to drought by changing $fcproperties and by increasing thermal
emission since the photosynthesis and transpiraaiivities are reduced by insufficient water
supply. Two new indicators, i.e. NTAI (Normalizedemperature Anomaly Index) and NFAI

(Normalized FPAR Anomaly Index) were proposed. MapBITAI and NFAI over China and India

for the years between 2001 — 2010 (for NTAI) antivieen 2003 — 2010 (for NFAI) were produced
at every 8 days interval.

Case studies were carried out to evaluate thete#@ess of the anomaly maps in radiation flux,
LST and FPAR for drought detection and monitorifige evaluation was done by comparing with
drought indicators from other resources.
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1. Introduction

Generally speaking, drought is a prolonged peribdlmormally dry weather that depletes water
resources for human and environmental needs. $hatsay, water shortage can be the immediate
cause of drought and drought is a process-basetbptena (Hanesiak et al., 2011). Drought is an
anomaly within the atmospheric, surface and sufasercycling of water and energy, usually
initiated through large to regional scale atmosigh@rocesses, and enhanced and maintained
through regional to local atmospheric, surface by, land surface and groundwater feedbacks
that operate throughout the annual cycle (Bonsal.eR011). In this context, both the large scale
atmospheric and the feedbacks of local key elemsimbsild be the object of intensive study to
comprehensively understand, monitor and prediciored drought events and the latter is more
crucial complex.

Net radiation at the Earth’s surface is a fundaalgrarameter driving land surface processes such
as evaporation, photosynthesis and heating ofasull air (Bisht and Bras 2010). Net radiation,
allowing to characterise the soil water status byextension to predict drought events, is then an
important parameter for vegetation dynamic and aléemchange modelling (Van Laake and
Sanchez-Azofeifa 2004; Jia and Menenti 2006), dbsagea potential key indicator of drought. Net
radiation is characterised by its high temporal apdtial variability, the latter being not well
reflected in meteorological station data alone. Elav this spatial variability is important for
describing drought. Therefore, the objective iglévelop a tool providing radiation fluxes data at
high spatial resolution and high temporal frequeteyallow a daily monitoring and anomaly
analysis of net radiation for drought monitorindneTwork carried out in CEOP-AEGIS allowed to
develop modelling algorithms and their toolkit tongpute time series of net radiation based on
variables derived from remote sensing observatidhs. time series of net radiation produced at a
fine time and spatial scale are used to analyseadiétion anomalies in the perspective of drought
characterisation and monitoring. In the first pafrthis chapter, the methodology developed for net
radiation estimation will be briefly described ajpwith the one for the anomaly analysis. Then the
data used and the toolkit developed will be preskfillowed by a concrete example of application
in case study.

Vegetation will respond to drought by changing $gécproperties and by increasing thermal
emission since the photosynthesis and transpiraidivities are reduced by insufficient water
supply. Two new indicators, i.e. NTAI (Normalizedemperature Anomaly Index) and NFAI
(Normalized FPAR Anomaly Index) were proposed ttedeanomalies in land surface temperature
and the vegetation photosynthetic activity condiio The formerwas defined to portray the
temperature-related vegetation stress, the hatisrrelated to the damage of drought on vegetation.

Maps of radiation fluxes, NTAI, NFAI are created fB8hina and India at every 8 days temporal
interval at 1km for the years between 2001 — 20A0NFAI is between 2003 - 2010). These maps
will be available for public from CEOP-AEGIS FTResat the end of the project.
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2. Anomalies maps of net radiation flux density

2.1 Methodology
Net radiation estimation

Net radiation is defined as the difference betwdewnwelling and upwelling radiation fluxes
including both long- and shortwave radiation atsbeace of Earth (Igbal 1983). There are different
methods to compute the net radiation for a givexeql In this project, the challenge is to model net
radiation at the square kilometre level for a laagea (spatial variability) in order to monitoisth
parameter over a long period (temporal variability)

Net radiation = | shortwave radiation (Rsi) —1 shortwave radiation (Rs0)
+ | longwave radiation (Rli) —1 longwave radiation (RI0)

The algorithm developed and applied in the prommtializes radiation fluxes in the solar and
thermal infrared domains based on astronomical iderations, topography, and surface and
atmosphere properties. Multiple land surface amdoapheric parameters derived from remote
sensing data combined with meteorological dataycaleith a high resolution DEM are used. This
algorithm, as showed iRig. 1, is presented in detail in deliverable 3.4.

(Rn) = | Rsi—- Rso| + RIli — Rlo

Rsi— Rso = (1- albedo) * Rs / ﬂ

Rlo=eoTd

ﬂ Rlizo*e,*T,*
Rsi = So *cos (SA) ts,  Rli(cloudy) =0*e,*T,*+0 *(1-&)*e *T.*

Figure 1 : Detailed net radiation formula diagram.

Symbols inFig. 1 are:

SA = solar zenith angle

So = solar constant at the top of the atmosphere
Tow = shortwave atmospheric transmissivity

€5 = surface emissivity

o = Steffan-Boltzmann constant

Ts = land surface temperature

€ = air emissivity

Ta = air temperature

e = cloud emissivity

T, = cloud temperature

Anomaly analysis

Once daily net radiation datasets covering a gegeea are available for several years, the anomaly
analysis can be conducted. The objective of an ahomnalysis is to highlight the positive or
negative deviation of a measured variable fronautsrage behaviour -named multiannual mean in
this report - for a certain period of time. ThisItiannual mean is computed as the average of the
measured variable over the same period of timefdudifferent years Kig. 2). In the current
description, the measured variable is the surfateadiation, the period of time is 8 consecutive
days corresponding to MODIS 8 days products and paars (2001 to 2009) of daily net radiation
have been computed. For example, the anomaly asdtyshe 8days period starting on day 169 for

5



CEOP-AEGIS Deliverable.7

the year 2009 will require the computation of tle¢ radiation average from day 169, 170, 171, 172,
173, 174, 175, 176 of the year 2009, which we wall the actual mean. Then the average of the
same days for the year 2008, 2007, 2006, 2005,, 20M8, 2002, 2001 will be produced and named
as multiannual mearig. 2).

Actual mean Multiannual
Figure 2 : Computation of actual mean and multiannual nfeanet radiation.

The last step of the anomaly analysis consist®mputing the anomaly expressed in percentage as
followed:
Anomaly = (actual mean - multiannual mean) / nanitiual mean

A positive anomaly would highlight an increase et madiation at the surface for the considered
year compare to the average observed in the ysas as reference. In the other hand, a negative
anomaly would indicate a decrease of net radiati@n.the anomaly analysis to be significant, a
minimum of 3 years of reference data is requiceddmpute the multiannual mean. However, it is
essential to use the maximum years available asatlweiracy of the anomaly proportionally
increases with the number of years used to contpateultiannual mean.

Once the anomaly is computed, there are severa teayterpret it. The anomaly can be observed
as a weekly value as obtained after applying theon presenting above. The anomaly can also be
further developed and analysed as cumulative anomal this project, two techniques of
accumulation were used. The first method simplysadu the weekly value to the cumulated values
of the previous weeks to obtain a cumulative angmakr the whole period. The second method
consists in adding up weekly anomalies from th&t fir deviation from the multiannual mean occurs
to the day when current net radiation is again ketuanultiannual mean. This is not anymore an
accumulation over the entire period, but an accatiari for each deviation from mean separately.

2.2 Data

According to the methodology developed in the presi paragraphs, the algorithm has been
implemented using MODIS data as well as meteorolglata coming from the Tair tool developed
by Water Watch and the digital elevation model pted by SRTM. MODIS data were selected as
main inputs of the model because of their largeecage and temporal availability fitting with the
data consistency requirement needed for anomalyuatation.
















































