! Oficina Regional de Ciencia para /
: América Latina y el Caribe

Organizacién . programa
de las Naciones Unidas Hidrolégico
para la Educacion, , |hternacional
la Ciencia y la Cultura

Examples of Climate Informing Decisions in Chile:

Koen Verbist Walter Baethgen Antonio Yaksic Jorge Nunez Jan VanWambeke
UNESCO-IHP IRI Ministry of CAZALAC

oy Agriculture

T International Research Institute

II N [ S l: l] for Climate and Society
— EARTH INSTITUTE | COLUMBIA UNIVERSITY
CATALALC

Developped by Wlth support from
: S — E LR

k ;' g WITH THE SUPPORT OF
! ' THE FLEMISH GOVERNMENT




Why is Climate Risk Management
important in drylands of Chile?

Trends in percentage per century -:
-50% -40% -30% -20% -10% 0 +10% +20% +30% +40% +350%
8 & =+ s i . o e 0 @

1IPCC, 2007




Climate models agree on further reductions in precipitation
June—July—August (JJA)

-’ — = d e e,
ﬁ— Precipitation decrease — very likely ’ Precipitation extreme increase — likely

®
Q Precipitation decrease — likely ﬂl‘[ Increased drought — likely
IPCC, 2007
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increased vulnerability?

How does a multi-year drought affect the water reservoir?

Puclaro Dam, 2009
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/ How do we approach drought risks?

2 different ways to address droughts

Disaster

4

Manage the Crisis



/ How do we approach drought risks?

Managing the Crisis

4000000 -

3.500.000 +

3.000.000 -

2.500.000 +

2.000.000 -

1.500.000 -

1.000.000 -




i
5
0
.
.
.
.

/ How do we approach drought risks?

2 different ways to address droughts

\

Returning Events

I Risk Management

Crisis Management

e |Information
» Responsabilization
 Pro-active action



/ Why a National Drought Observatory?

o =
ewsletter Technical report

th
*Map of SPI in pdf (10%/month) (20" /month)

: *On-line stations :
‘Data from stations (15t"/month) *Maps online

Unit for Agricultural Emergency and Climate Risk Managament

*Relevant

“Timely Information
*Actionable




Objectives of the agroclimatic observatory

Requierements:

1. Count with all relevant agroclimatic information that:
e are easy accessible
e are up-to-date
» consider different components of drought (meteorological,
hydrological and agricultural)

2. Be based upon already available information from the different national
partners and complement with additional remote sensing data sources

3. Allow identifying areas most affected by droughts to allow prioritizing
actions

4. Count with a seasonal outlook, on the evolution of drought conditions

5. Count with an environment that allows developping new applications
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7 Architecture of the Observatory

: ‘ Data Library
2 Precipitation
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Combined Drought Index

Meteorological Drought




: Da ry

data: USGS LandDAAC MODIS version_005 5S4 NDVI - Mozilla Firefox = | B i)

e Edit ¥iew History Bookmarks Tools Help

Bdata: USGS LandDAAC MODIS version_0... | + ‘

& iridl.Idec.columbia.edu/SOURCES/ USG5/ LandDAAC, MODIS/ wersion_005/.554/ NDVL, (& EV iri ndvi daac R
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Architecture: Part 1

@ |USGS LandDAAC MODIS version_005 SSA NDVI options [Ezelp | Expert Mode ‘
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USGS &
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documentation . I
PN LandDAAC MODIS version_005 SSA NDVI from USGS: United States Geological Survey. ﬁ L
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Independent Variables (Grids) o
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grid: /X (degree_east) ordered (77.99867W) to (40.00067W) by 0.002662043 N= 14275 pts :grid L
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USGS LandDAAC MODIS version_005 SSA NDVI
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Architecture: Part 2

Maproom Agrlcurtural Drcnuglfn:l anguage]—“

Momtonng Normalized Difference Vegetation Index + | english -

Fbe"t_;n:zn]I Variable Variable
[Ch|le - [NDVI - [Obsewed -

[ Description I Dataset Documentation | Dataset ] Contact Us | Instructions |

~ O

Normalized Difference Vegetation Index

2075
N

The images on this page are derived from The Moderate Resolution
Imaging Spectroradiometer (MODIS) sensor at 250m spatial resolution
provided every 16 days. This interface facilitates access to the vegetation
status from MODIS images provided by the United States Geological
Survey.

25s
]
[

3075
T

The interface allows users to select desired vegetation variables for a
desired region using spatial averages. Refer to the instructions tab for
help with customizing graphs.

35S
T
|

Latitude

4075
T

NDVI: The Normalized Difference Vegetation Index (NDVI) is the ratio of
two wavelengths, red and near-Infrared (NIR). The index compares
healthy and sparse areas of vegetation by examining their difference in o . g |
wavelength absorption and reflection. Healthy vegetation growth, such as
forests, will absorb more and reflect less visible light (red wavelengths)
compared to sparse vegetation. For example, an area of forest would
yield a NDVI ratio closer to 1 compared to 0 for a desert. The predictive
value of NDVI is attributed to its ability to integrate general biological
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/ Structure of the Observatory

Agroclimatic

Observatory

(

""" Historical Future

Information on forecasts
Seasonal Outlook
\/Present

Information on present drought

and extreme events (monitoring)




- S— 2 Datal Maps| ‘m]—. Language}—
I 6§ Data Library |Maprooms | e (g =
Drought Monitor Drought Monitor Forecasts
The maproom is a collection of maps and other |/ drought monitor showing Climate forecasts can be i B 008! fased Kar 5008
figures that monitor drought at present, near relevant drought indicators. relevant instruments to — I
furture and in the recent past. The maps and prepare for upcoming climate
figures can be manipulated and are linked to the Y risks. In this maproom, the gk
original data. Even if you are primarily interested R results from international
in data _rathl-:-r than figures, thls is a good place to e R ]
see which datasets are particularly useful for o ) -
monitoring current conditions. tailored forecasts are shown. & -
g ol
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_ Historical Drought Frequencies ww Ty, T
Historical drought frequency ’
analysis for Chile. . \(E ]
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www.climatedatalibrary.cl/UNEA/maproom/
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Historical

Information on drought frequency and extreme events

J

e e . Maproom Historical Drought Frequencies|—— M—. Variablel— .Language|—
i . { ]Rl’ * tm! H|S‘[0r|ca| [ Drought Return Periods - [Chﬂe I 0% Rainfall Deficit = [ english ~
[ Description I Dataset Documentation | Contact Us |

Drought Return Periods

This map shows the return periods for droughts, expressed as a deficit compared to mean precipitation
amounts, using a Regional Frequency Analysis using L-moments (RFA-LM).

The RFA-LM (Nunez et al., 2010) determines the frequency of drought events by pooling stations in
climatologically homogeneous regions. This allows application of more robust statistics, especially in regions
with limited datasets such as the drylands.

The L-moment-approach is an improvement over normal moment theory, as outliers and extreme events do
not disproportionately influence distribution selection. As such, the RFA-LM method is the most approriate
method in regions with interannual variability and short record lengths. More information on the methodology
of the RFA-LM c¢an be found here.

References

Nunez, J.H., K. Verbist, J. Wallis, M. Schaeffer, L. Morales, and W.M. Cornelis. 2011. Regional frequency
analysis for mapping drought events in north-central Chile. J. Hydrol. 405 352-366.
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Historical
Information on drought frequency and extreme events

)
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Monitoring

Chile

-

[Maproom]—- [Region]—-

Drought Monitor

A drought monitor showing relevant drought
indicators.

The indicators were selected to show conditions
with respect to meteorological, hydrological and
agricultural drought.

Y P - T TR+ A 1

[ Meteorological Drought I Hydrological Drought | Agricultural Drought | Combined Drought Index I

Meteorological Drought

[Regiunal Precipitation

Precipitation observed and
its anomaly for different
regions of Chile is presented
here.

8&““"'"%""‘""5

|J,

'Observed Precipitation

Precipitation as observed in
meteorological stations in
Chile is presented here.

‘Standardized Precipitation Index - DMC

This map can be used to

identify the intensity and
duration of drought or B
excess of rainfall for each
month. It shows the
Standardized Precipitation
Index (SPI).

L] s &8
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as &

428

“s

Sep 2013

'CPC Unified Precipitation

Precipitation as delivered by




1. Meteorological Drought

P ﬁ Maproom|—— _Meteorological Drought | Region}———— | Analysis}— Language}—
m@ & ﬂ [Monitoring [Obsenred Precipitation - [Chile ~ | Anomaly ~ [english M
m CLAFA

r Description I More information | Dataset Documentation | Contact Us | Instructionsl

rY

Observed
Precipitation

Precipitation as observed in
meteorological stations in
Chile is presented here.

Select observed or
anomaly in menu>analysis
to visualize the variable of
interest. In menu>region
you can specify the region.
Use the time navigator to
select the month of
preference.

Observed: This map
shows the monthly
precipitation (in
[mm/month]) as observed
in the meteorological
stations. Every point on the
map indicates the
localization of a

Apr
2013
Time

DGA Station Lago_Penuelas
latitud  33.133335%
longitud 71.55W%
T T T T T T T
. F
&b
2 L
<&
g
=1
B L
=%
£
o
o
g b
R T |
1 1 1 | 1 1 |
O dan
;012 3
Lage_Penuelas
Y,




Present

Information on present drought and extreme events (monitoring)

: 1. Meteorological Drought
Maproom|—— _eteorological Drought) Region}—————— | Analysis|—— Language}—
[Monltorlng [ Standardized Precipitation Index - [Chile ~ N 1-Month SPI - [english M
[ Description I More information ] Dataset Documentation | Contact Us ] Instructions |
)
Standardized Precipitation Index Feb 2014
T T T T
This map can be used to identify the intensity of drought or excess of rainfall for each month. It shows the K‘\ ,'{f
Standardizg \( {
P! values e Allows comparing deficit throughout Chile Y _-_g_" R I S .
severe the a normal |
el Allows evaluating the duration of the deficit it . Pl
below can a ]
Range of the Standardized Precipitation Index / al
ool { |
SPI >= 2.00 8 e
1.50 < SPI = 2.00 r}
1.00 < SPI = 1.50 Moderately wet 839 / ¥ .
-1.00 < SPI = 1.00 Normal g [{
-1.50 < SPI =-1.00 Moderately dry
-2.00 < 5P1 =-1.50 Severely dry
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Hydrological Drought} Region}—— [ Analysis
Observed discharge - [Chile - Anomaly

Language}—

english -

r Description I More information ] Dataset Documentation ] Contact Usl Instructionsl

Observed discharge

Information on the
discharges observed in
Chilean rivers is available
here.

In menu>variable you can
select the variable:
measured and anomaly.
In menu>region you can
select a region.

Measured: This map
shows the discharge, as
measured in the principal
Chilean rivers. The

measurements are inm 3
/s. The discharge data
are available on a
monthly basis.

Standardized Anomaly:

)

20°'S

30°S

Latitude

0°sS

)

DGA Station 043200011

latitud  30.000498
longitud 70.5869W

ge Anomgg
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2014

_— Pwer Discha
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3. Agricultural Drought

m Maproom Agricultural Drought}
O & [M omtonng [ Mormalized Difference Vegetation Index

cuni.c

w— Analysis Language}>
- [Chlle Anomaly engltsh M

=)

r Description | More information | Dataset Documentation | Datasetl Contact Us | Instructionsl

Normalized
Difference Vegetation
Index

This map shows the actual
situation of the vegetation
as reflected by the
Normalized Difference
Vegetation Index (NDVI).

The NDVI uses information
of reflectance of two
spectral regions: visible
light region and near
infrared region. The
condition of the vegetation
influences the interaction
between these two spectral
regions and the vegetation.
This way the NDVI can be
related to the condition of
the vegetation. The NDVI
has a value between -1 and
+1.

O

~

358 08 258

Latitude
1

40°s

a)

Observations for [71.1W-71W, 3235-31.95]
b)

1
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Time 2007 20072007 20072007 20072007 2007 20072007 20072007

2m3

a) Monthly estimates of NDVI for the selected region selected for the last 12
months.

b) Monthly estimates of NDVI for the current and five most recent years are
- plotted for comparison. The thick black line is the same series shown in a.




Present
Information on present drought and extreme events (monitoring)

4. Combined Drought Index

Combined Drought Index

Challenge 1 e shows actual drought conditions for

This map shows the Combined Drought
Chile.

The Comb \n
::sf )f{ifF from station data are often ¥
situation inaccurate, due to limited station data and

The CDI inadequate interpolation techniques

Table 1: Img datasets are too coarse to form a
real alternative

atitiira

Impact
level

Watch -1

that combine different :
aspects of drought are dependent on climatic

conditions: poor performance in drylands.

¥ ANOIMary on yWateT ITMuex <=L T JrT~>=~1

6 Anomaly Soil Water Index <-1 +5PI-3 <-1+5P|-12 <-1

Alert - st
can provide partly solutions

4“ FAPAR anomaly < -1 + SPI-3 < -1 + SPI-12 + Anomaly Soil Water Index < -1

Warning -

Feb 2013




Mifio 3.4 | noex
1.5

=
i
=
(]
[
L
=
= O
s
o
I
o
2,
=

18990




Forecasts

Bl I ® ® ¥ (30 Fisproam (Forscass

CAZALAC

Language

english

| §

Forecasts

Climate forecasts can be relevant instruments
to prepare for upcoming climate risks. In this
maproom, the results from international
forecasts as well as national tailored forecasts
are shown.

Forecasts are downscaled to station level using
the IRI Climate Prediction tool.

r Seasonal Forecasts I

Seasonal Forecasts

Precipitation Forecast from the Chilean Meteo

‘Service (DMC)

Seasonal deterministic
precipitation forecasts and a
series of analysis to apply to
a map of the region or to
selected grid box

Latitude
30's 20'S
T T 1

40°S
I

50°'s
|

”a%?h

80°'W

66°W
Longitude

IRI Seasonal Precipitation Forecast

This map shows the
seasonal precipitation

forecast for Chile. Forecasts
are indicating the expected
rainfall as above-, below-

and near-normal.

recast

IRI Net

Jul-Sep 2008 issued Mar 2008

2008

255

]

505

55°5

Latitude
35S




Challenges Remaining

Challenge 2

Agroclimatic Observatory

50 50

%

p Information Content “0 p Dec\sion Support

The Observatory counts with and
information, covering all Essential Drought Parameters

Providin Information remains a challenge and
g g

requires understanding Decision Making Process of the
different stakeholders




act of Drought on Decision Maki

Government Large Scale Irrigated Farmer

T

_—

' ore Water Rights neede
stall Micro-Reservoirs?

ges in Water Allocation?
ich farmers to support?
much/when support is need

A. Yaksic, UNEA

many animals can | fee

w much water will | ge ould | seek external suppo

hat area do | cultivate?

.r
58
&
\

!
Small Scale Irrigated Farming®

Dryland farmer



| Provide tailored seasonal forecasts for Agricultural Management

Seasonal forecasts

\

Temperature Precipitation

]

Increased likelihood
of plagues’?

Impact on pasture?




Challenge 4
Provide relevant information at the watershed level

Monitoring of
local water
balance

Monitoring Water
Supply and Demand



Challenge 4
Provide relevant information at the watershed level

Monitoring of
local water
balance

o a"—_‘.'%;‘”x{.‘

- Expected
water
resources
. conditions

» Use of snow cover / thickness

* Incoporate additional sources of variability
(decadal, MJO)



[ Challenge 4 J
Provide relevant information at the watershed level

Modelling Water
ly and Demand

Monitoring of
local water

Legend
- —
R g ) o
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= CAXXY
CAXX . . .@ Measurement stations
“— Main channel ‘J

1 Namc of station
e——
Spills SYY | Trrigation sector

N il N
atural supply (AN) . R
Lateral watershed Loddy Aquifer

Escenarios Embalse Puclaro
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Water Evaluation and
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/ Challenge 6
Link national CRM efforts with Global Initiatives

@) @) @l @ + @ @ &l O il il Gl S 2

= = - o « National Agroclimatic Observator
- . .  Regional Drought Monitor
Ny
|" ik 3  Global Drought Monitor
' '.I = o (GEO/GEOSS)
i
.- P » Global Programs:
. « UNESCO G-WADI/FRIEND
t | « GEWEX(WCRP), HEPEX,
‘1 GFCS

&<l 1 for more interaction
% L onal/Global activities
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