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I brought you a small case study from Germany
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Irrigation as risk management tool @J

« Droughts during cropping season as major driver for yield uncertainty

 Irrigation can be considered as a straightforward on-farm instrument

for hedging risks associated with the absence of precipitation (Buchholz
& Musshoff 2014; Finger 2013; Garrido et al. 2006)

 Irrigation also involves high costs for farmers that are uncertain and

vary substantially depending on the weather conditions

General purpose: Using index-based weather insurance to

hedge against operating costs of irrigation in dry years?
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Climate change forcasts 
Generally, irrigation might increase crop yields, but also reduce yield variance
Use of irrigation in dry years or situations with lacking precipitation. 
Therefore, we would expect a strong relationship between irrigation costs and prevailing weather conditions.  
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Background on index based-weather insurance @J

T3t

« For agricultural insurance: Primary focus on hedging yield risks (e.g.
Richards et al. 2004, Turvey 2001, Vedenov & Barnett 2004, Woodard & Garcia 2008)

« Studies that focus on hedging against volatile costs of agricultural

iInputs (irrigation) are rare (e.g. Mafoua & Turvey 2003)

 Major drawbacks of index insurance:
— Geographical basis risk ‘ Gridded weather data

— Need for a valid underlying ‘ Climatic water balance

Improve
performance?
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If we look back on index-based insurance or weather insurance.  

Index insurance or index-based weather insurance steams


.

Case study area: Lower Saxony (northern Germany) @J

Germany’s major irrigation area
Highly specialized cash crop farming despite poor soils

Focus: Water user association with about 11,000 hectares of arable

land
Water withdrawals from the local channel ‘Elbe-Seitenkanal’

Aggregated water applications from 1980-2011 (pachverband Elbe-
Seitenkanal 2015)

Irrigation systems are already installed

Actual irrigation costs comprising pumping, labor and maintenance

(not including overhead costs) amount to 0.2 €/m3
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Historically, in this region located south to Hamburg, farmers have mainly used groundwater resources for irrigation and are therefore able to grow a multitude of water-demanding crops ranging from ware potatoes, sugar beets to winter wheat, for instance. Thus, despite poor soil quality, a highly specialized cash crop farming system could be established which is however heavily dependent on irrigation since annual precipitation rarely satisfies the crop water demand. In particular, ware potato cropping requires additional irrigation on these sites in order to ensure a sufficient product quality that complies with the standards of the processing and retailing industries. 

Irrigation costs are just a multiplier

By assumption, hose-reel irrigation machines, pumps and related technical facilities are already installed
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Case study area: Lower Saxony (northern Germany)

Matthias Buchholz
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Region located south to Hamburg

We will further zoom in on the next slide


Station-based vs. regionalized gridded weather data
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Explain map:

- Channel is essentially a bypass that connects another large channel with the Elbe river

Approach: Compare station-based data with gridded weather / climate data

Choice of 2 weather stations located in the region of investigation (traditional approach)
Use of derived gridded weather data. Pragmatic choice of gridded area. Generally, we could choose any area such as, e.g.,  a rectangle covering the course of the channel
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Derivation of gridded weather data @J

 Provided by German meteorological service (pwbp 2015)
o Spatial resolution of 1 km x 1 km
« Gridded fields of weather variables are interpolated from station data

o Use of different multiple linear regression approaches depending on the

specific weather variable and temporal resolution (Kaspar et al. 2013; Rauthe et
al. 2013)

— Estimation of background fields

— Consideration of orographic parameters
— Inverse distance weighting

— Triangulation

— Plausibility checks / Quality control
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Where does the gridded weather data come from?
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Example: Gridded accumulated precipitation June 2016 (in mm) ‘
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In this map we can see monthly precipitation…

625 cells including NA, 371 values 

Corresponding values are also shown in the histogram

The map covers an area of about 50 times 50 km.   

Although area is rather small,  there is large variation in terms of the precipitation ranging from about 25 to above 70 mm



Climatic water balance (WB) as innovative underlying @J

Depends on specific crop

« Usually based on precipitation (R) and potential evapotranspiration

over grass (ETp):
o Definition: WB = R-ETp

 ETp derived from agrometeorological model AMBAYV (Friesland & Léppmeier
2007)

« Appears to be more meaningful than traditional weather variables

* Not subject of irrigation actually applied in the field!
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Design & pricing of index insurance — Burn rate method @J

Precipitation (R) Climatic water balance (WB)

Accumulation
period

April - August for station/area i

Weather index

8
Rii= ) R WBai= ) WBS

Payoff P PE, = max(Ry; — Sf,0)- VR PYF =max(WBy; — S?,0) - V¥
Strike S & Adjusted to maximize risk reduction potential
Tick-Size V (using OptQuest routine)

Loading 20 % load of the fair premium

Matthias Buchholz
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Pricing with: Burn Rate Method 

Precipitation as Benchmark vs. climatic water balance

Monthly weather data from April to August which covers the total irrigation season

Put options

Fitted strike and tick size to maximize efficiency/ risk reduction potential

Generally, we would also add a loading to the fair premium

Erklären wann auszahlung erfolgt

Faire Prämie = Erwartungswert der Auszahlungen
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Results: Accumulated precipitation plotted against applied irrigation @J

Gridded area Station Liuchow Station Soltau

200- {

Precipitation April - August (mm)

250 500 750 1000 250 500 750 1000 250 500 750 1000
Applied irrigation (m*/ha)
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First we start with a visual inspection

We plotted precipitation against the applied amount if irrigation for the gridded area and the 2 weather stations 

Slight differences in rainfall. Soltau highest values, Lüchow lowest level. Gridded area is in between

We also added loess smother shown by the blue lines

Greyish area indicates 0.95 Confidence intervals indicated 

We see an almost linear relationship 
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Results: Climatic water balance plotted against applied irrigation @J

Gridded area Station Lichow Station Soltau

200- *

100-

-100-

-200-

-300-

Climatic water balance April - August (mm)

250 500 750 1000 250 500 750 1000 250 500 750 1000
Applied irrigation (m*/ha)
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Similar picture for climatic water balance as underlying

However, the grey band with the confidence intervals appears to be smaller 


®
Results: Relationship between weather indices and applied irrigation @J

Estimates of a rank-order correlation analysis (according to Spearman):

Weather station /

Weather indices
gridded area

Accumulated precipitation  Climatic water balance

April-August April-August
Station Lichow -0.71%* _0.82%*
Station Soltau -0.78*** _0.88***
Gridded area -0.78*** _0.91***

Note: *** p-value < 0.001
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Spearman coefficients comparable to linear coefficients
Overall, coefficients are rather high

Climatic water balance outperforms accumulated precipitation

Coefficients for gridded area appear to be higher or at least not lower than those of the 2 weather stations
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Results: Risk reduction potential of considered insurance schemes @J

Estimates reveal the % reduction in the standard deviation (SD) and upside
semi-standard deviation (Semi-SD) of irrigation costs:

Weather station / Weather indices
gridded area Accumulated precipitation Climatic water balance
April-August April-August
SD Semi-SD SD Semi-SD
Station Llichow -28.51% -22.42% -41.82% -35.31%
Station Soltau -32.91% -31.42% -51.05% -47.73%
Gridded area -37.46% -35.51% -55.33% -52.55%
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- Risk measure: SD + Semi-SD

- Results: 

Different results for the two considered weather stations   

% reduction highest for griddest area  

KWB outperforms R

4.  consistent pattern across risk measures
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Conclusive remarks \A7Z J
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* Index-based weather insurance has the potential to hedge against volatile
irrigation costs

— Aggregation level: Single farm vs. water user association?
— Policy instrument?

 Weather indices based on the climatic water balance appears to increase
hedging efficiency

e Regionalized gridded data may increase performance of index insurance:

— Computational burden?
— Data avalilability?

— Use of remote sensing data?

* Adverse ecological effects on input demand: Substitute or compliment?

Matthias Buchholz SCC 76, Pensacola, 30 March - 01 April 2017
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Considered insurance schemes appear to be very effective

We also looked at temperature indices: accumulated temperatures and temperature condition index 

First results: Remote sensing data does not work on irrigated yields

Premium subsidies might lower irrigation costs 





Limitations & future research @J

T3t

* Need for further empirical evidence (e.g. Dahlhaus & Finger 2016)
e Collect more data:

— Effect of aggregation level?
 Make proper use of the whole ‘tool box’:

— Temporal basis risk?

— Choice of more sophisticated methods?

— Look at extreme events (CVAR)

e Estimation of actual insurance demand

Matthias Buchholz SCC 76, Pensacola, 30 March - 01 April 2017




Thank you for your attention! @J

“Climate is what we expect,
weather is what we get.”
(Mark Twain)

Contact:

Dr. Matthias Buchholz

Department of Agricultural Economics and Rural Development
University of Goettingen, Germany

mbuchho@gwdg.de
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Appendix: Single farm efficiency of index insurance schemes @J

Estimates reveal % reduction in the standard deviation (SD) and upside semi-
standard deviation (Semi-SD) of irrigation costs:

Weather station / Weather / climate indices
gridded area Accumulated precipitation Climatic water balance
April-August April-August

SD Semi-SD SD Semi-SD
Station Luchow - - -48.43% -46.76%
Station Soltau - - -44.42% -47.19%
Gridded area - - -56.24% -63.67%
Farm site - - -53.70% -60.66%
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Appendix: Histogram of applied irrigation from 1980-2011

10

Frequency

[ [ [ [ [ [ I
0 200 400 600 800 1000 1200

Applied irrigation (m3ha)

Matthias Buchholz SCC 76, Pensacola, 30 March - 01 April 2017



	�Hedging against irrigation costs by means of index-based weather insurance� �SCC-76 Annual Meeting� �Pensacola, 30 March - 01 April 2017��
	Outline
	Irrigation as risk management tool
	Background on index based-weather insurance 
	Case study area: Lower Saxony (northern Germany) 
	Case study area: Lower Saxony (northern Germany)
	Station-based vs. regionalized gridded weather data
	Derivation of gridded weather data 
	Example: Gridded accumulated precipitation June 2016 (in mm)
	Climatic water balance (WB) as innovative underlying
	Design & pricing of  index insurance – Burn rate method
	Results: Accumulated precipitation plotted against applied irrigation
	Results: Climatic water balance plotted against applied irrigation
	Results:  Relationship between weather indices and applied irrigation
	Results: Risk reduction potential of considered insurance schemes
	Conclusive remarks
	Limitations & future research
	Thank you for your attention!
	References
	Appendix: Single farm efficiency of index insurance schemes�
	Appendix: Histogram of applied irrigation from 1980-2011

