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Drought Complexity

Drought is challenging to identify over space and time.

Quantification of droughts include intensity, magnitude,
duration and surface extent.

This quantification is an hard job!
There is no a variable that we can use to measure drought.
Droughts are identified by means of impacts.

AN U.S. Monthly Drought Outlook @?\
'\a j Persistence Drought Tendency During the Valid Period ;v.'
= 57 Valid for September 30, 2013 -
Impacts in the Drought Impact Reporter, Aug 2013 ; —_Released August 31, 2013
_Persistence_ -
Total impacts: 122 3 - N5

u Agriculture >

#® Business & Industry ™ 7" Removal

% Energy

o u Fire 4
4.7% i ?\ N
# Plants & Wildlife \ ° ’
\
# Relief, Response & Restrictions Paratstancs Remcya)
9.3% 8.9% VR ~
® Society & Public Health
Tourism & Recreation KEY:
® Water Supply & Quality | = :thoughm! persists or Author: Brad Pugh, Climate Prediction Center, NOAA i QD.,
" ' ntensifies o CPC.NCOP.NOAA. i _drought.htmi
17.8% [ Drovsitemalna bk, DRSS St o i e e e S
lmprovos nnot be ac cast more than a few days in advance. Use caution for applications
- - that d by s *Ongoing” drought areas are
- Drought | likely P the or (D1 sity). For weekly drought updates
0 1 - 1 2 - 20 1 4 Drought dev"opmm NOTE: The Green and Brown hatched areas imply at least a 1-category improvement in the

Drought Monitor intensity levels by the end of the period although drought will remain
likely The Green areas imply drought removal by the end of the period (DO of none)




Drought Impacts

Drought is the most damaging meteorological hazard
affecting large areas.

Droughts also cause several environmental impacts: forest
decline, forest fires, soil degradation, wetland degradation,
desertification.
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Drought Impacts

However, unlike other natural disasters, such as
earthquakes, droughts can be ‘predictable.

This makes it more easy to respond to droughts as they
occur.

Thus, assessing and monitoring droughts become of
crucial importance.

01-12-2014




Drought Assessment

Traditional methods of drought assessment and monitoring rely
on rainliall data as recorded in meteorological and hydrological
networks.
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Drought Assessment

Traditional methods of drought assessment and monitoring rely
on rainliall data as recorded in meteorological and hydrological
networks.

The role of remote sensing in drought monitoring has been
reinforced in recent years due to the availability of reliable
satellite imagery covering wide regions over long periods.

EPS Contributes to the Global Operational Satellite Observation System
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Vegetation Indices

Spectral characteristics of vegetation

CCCCCC
UPPER EPIDERMAL CELLS

TIHT} eouisaoe sesopivie cens

SPONGY MESOPHYL CELLS

Leaves are (green
because they reflect
the green radiation.

01-12-2014
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Vegetation Indices

The Normalized Difference Vegetation Index (NDVI) was
successfully tested to monitor vegetation dynamics.
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Vegetation Indices

The Normalized Difference Vegetation Index (NDVI) was
successfully tested to monitor vegetation dynamics.
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Q1: NDVI is higher for green or brown leaf?
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Vegetation Indices
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Vegetation Indices

Monthly time-series of NDVI (1999-2006) for different land
cover types

SPOT VEGETATION NDVI from 1999-2006
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Vegetation Indices

Monthly time-series of NDVI (1999-2006) for different land
cover types
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During 2004/2005, the Iberian Peninsula was hit by one of
the two worst drought episodes in the last 60 years.
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Vegetation Indices

Monthly means of NDVI (1999-2006) from September to August

SET NOV

AUG
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01-12-2014
Gouveia et al. (2009)
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Vegetation Indices

Monthly means of NDVI (1999-2006) from September to August

Q2: When (which month)
vegetation is greener in Portugal?
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Vegetation Indices

Monthly means of NDVI (1999-2006) from September to August

Q2: When (which month)
vegetation is greener in Portugal?
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Vegetation Indices

Monthly means of NDVI (1999-2006) from September to August

Q3: where is located the
coniferous forest?
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Vegetation Indices

Monthly means of NDVI (1999-2006) from September to August

Q3: where is located the
coniferous forest?
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Vegetation Indices

Monthly means of NDVI (1999-2006) from September to August

Q4: and arable land?
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Vegetation Indices

Monthly means of NDVI (1999-2006) from September to August

Q4: and arable land?
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Vegetation Indices

NDVI anomalies from September
2004/2005.

SET ocT NOYV
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Gouveia et al. (2009)
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Vegetation Indices

NDVI anomalies from September to August of the year

2004/2005.
ol e e Q5: When is vegetation
more stressed/dried?
APR MAY
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Gouveia et al. (2009)




Vegetation Indices

NDVI anomalies from September to August of the year
2004/2005.

SET ocT NOV . .
Q5: When is vegetation
more stressed/dried?

01-12-2014
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Vegetation Indices

NDVI anomalies from September to August of the year

2004/2005.
Q6: How many months vegetation
was in vegetative stress?
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Vegetation Indices

Drought persistence was evaluated by adding up (for each
ixel) the number of months with corrected NDVI anomalies
ower than a specific threshold (-0.025).

Q7: How exceptional
was the 2004 /2005

event?
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Vegetation Indices

1999

01-12-2014
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Drought Indices

A large number of indices have been developed usmg

different meteorological variables
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Tasue I. Major drought indices discussed in this paper.
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Marcovitch's Index 1930 Temperature and predpitation; chmatic requirements
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Precipitation Index forecasting
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Sivakumar et al. (2010). Agricultural Drought Indices, WO




Drought Indices

A large number of indices have been developed usmg
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Drought Indices

The most famous drought index is the Palmer Drought Index
(PDSI). Uses precipitation and temperature data.

] Sc-PDSI wet
: | b b ﬂ ‘.[ - ' “
: T dry

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

Sc-PDSI
oM ERNON DO ®

However this index presents several limitations:

m Strong dependence with the calibration period. To
avoid these problems the calibration period should be
higher than 50 years.

= Many parameters of PDSI are obtained empirically for
the USA region. This situations limits the applications
01-12-2014 tO Other regions. 17



Drought Indices

Well et al. (2004) have developed the self calibrated PDSI
(scPDSI). The calibration is made based on the original
dataset, improving its performance.

Maps of scPDSI have been calculated for the period 1901-
2002 for United States (20°-50°N; 130°—60°W§) and Europe
E35°—70°N; 10°W-60°E) with a spatial resolution of 0.5°x0.5°
https://climatedataguide.ucar.edu/climate-data/cru-sc-pdsi-
self-calibrating-pdsi-over-europe-north-america).
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Drought Indices

Different systems responds to water scarcity
with different temporal scales.

Flexible indicators to quantify the drought
impacts given the different response times of
hydrological, agricultural, economic systems
to drought are needed.

: Time series of the sc-PDSI and
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The Standardised Precipitation Index

- w oo = oo (SPI), based on precipitation data,
-~ permit the analysis of the drought at
different temporal scales.

extremely useful

SPI is very adjustable index,

for drought

monitoring and assessing impacts.



Drought Indices

Time series of the 6 month Standardized Precipitation Index (SPI)
averaged over Iberian Peninsula between 1901-2012.
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Drought Indices

Time series of the 6 month Standardized Precipitation Index (SPI)
averaged over Iberian Peninsula between 1901-2012.
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Q9: Identify one wet and one dry
episode.
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Drought Indices

Time series of the 6 month Standardized Precipitation Index (SPI)
averaged over Iberian Peninsula between 1901-2012.
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Drought Indices

SPI for 6 months over Iberia for 2001 (left) and 2005(right)
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Drought Indices

However, SPI is only
based on precipitation
and doesn’t take in
account variables such
as temperature or
evapotranspiration.

m What will happen if the
temperature increase
significantly?

m What will happen in the
case of extreme
events, such as heat
waves?

m What will happen in the
case of the possible
scenarios of increase
temperature?

01-12-2014 .
Vicente-Serrano et al., 2010
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Drought Indices

Vicente-Serrano et al.
(2010) have developed a
new multi-scale index, the
Standardized Precipitation
and Evapotranspiration
Index (SPEI)

SPEI uses as input
precipitation and
temperature

Vicente-Serrano et al., 2010
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Drought Indices

Vicente-Serrano et al.
(2010) have developed a
new multi-scale index, the
Standardized Precipitation
and Evapotranspiration
Index (SPEI)

SPEI uses as input
precipitation and
temperature

Q10: Which indicator is
sensitive to climate

change?

01-12-2014

g ] Sc-PDSI
4 -
2 4
0 4
-2 4
4 -
-6 -
‘a T T T T T T T T T T T
1810 1820 1930 1940 1850 1960 18970 1880 1890 2000 2010
g T Sc-POSI + 4°C
4 -
2 4
o4
-2 4
-4 -
-5 -
'S T T T T T T T T T T T
1810 1820 1930 1840 1850 1960 1870 1980 1580 2000 2010
3
2 SPI (18 monilths)
1 -
0
_‘I -
-2 4
-3 =5 T T r T T T T T T T
1910 1820 1930 1840 1930 1860 1970 1880 1990 2000 2010
3
3 SPEI (1B manths)
1 4
o4
-1
2 -
34 T T T T T T T T T T
1910 1820 1830 1940 1850 18680 1970 1580 1990 2000 2010
3
7 - SPEI (18 months) + 4°C
1
0 <
-1
.2
-3 4 T T T T T T T T T T
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010



Drought Indices

Vicente-Serrano et al.
(2010) have developed a
new multi-scale index, the
Standardized Precipitation
and Evapotranspiration
Index (SPEI)

SPEI uses as input
precipitation and
temperature

Q10: Which indicator is
sensitive to climate

change?
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Drought Indices

The 3-, 12-,18- and 24-month SPEI at Lisbon, Portugal, 1901-2012.
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The main prolonged drought episodes occurred in the decades of 1920-30.
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Drought Indices

The 3-, 12-,18- and 24-month SPEI at Lisbon, Portugal, 1901-2012.
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The main prolonged drought episodes occurred in the decades of 1920-30.
The year 2005 is extremely striking, reaching most of cases very low SPEI (<-2)
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Drought Indices

SPI for 6 months over Iberia for 2005
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Drought Indices

2005 2012

The 3- and 9- SPEI for August
2005 and 2012 obtained from
CRU TS3.21

2005

2012

Number of months between
September and August of
2004/2005 (left panel ) and
2011/2012 (right panel)
characterized by NDVI
anomaly values below 0.025.
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Drought Impacts on Vegetatlon Dynamics

With the aim to determine:

mthe most vulnerable areas/land
cover types,

mthe seasons and drought-time
scales more prone to cause
negative effects on vegetation.

The data used:

maNDVI from GIMMS as obtained
from NOAA-AVHRR (1982-2006)

mSPEI as obtained from CRU
dataset (1982-2006)

Spatial distribution of
correlation values between
NDVI vs. SPEI for February,
May, August and November,
using the temporal scales
of 3, 6, 9 12, 18 and 24
months.
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Drought Impacts on Vegetation Dynamics

Spatial distribution of the maximum of the significant
(p<0.05) grid point correlations (NDVI vs. SPEI), during
February, May, August and November

Feb \ May \
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Drought Impacts on Vegetation Dynamics

Spatial distribution of the time scale of the drought index SPEI
corresponding to the maximum correlation NDVI vs. SPEI

Q11: What time scale/s
is/are more frequent for

May? And August?
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Drought Impacts on Vegetation Dynamics

Spatial distribution of the time scale of the drought index SPEI
corresponding to the maximum correlation NDVI vs. SPEI

Q11: What time scale/s

is/are more frequent for
May? And August?

SPETIO03 SPEIO6 SPEIO9 SPEI12 SPET18 SPEI24

Feb| 7 54 15 3 8 13

May| 24 30 21 10 7 8

Aug| 29 17 18 14 10 12

Nov| 42 10 5 16 13 14
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Questions?
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The end
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