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Abstract: With the Water Framework Directive (WFD), the Epean Union has
established a legal framework for the protectioralbfiquatic ecological systems
including groundwater. In this paper the economipacts of the WFD for
irrigated agriculture with regard to the reductmfwater withdrawal permits and
various scenarios are analyzed. The results shatvdécreasing water permits
cause decreasing total gross margins and increasskg. To handle these
additional risks, weather derivates are a propel, tbut they cannot fully
compensate the losses of total gross margins. @perpllustrates the potential of
an IT-based whole farm risk programming approacit tielps farmers to manage
a portfolio of more or less risky activities in doensideration of their level of risk
acceptance.

1 Introduction

Weather is a very important and non controllabledpction factor for crop farmers.
Particularly in the northeast of Lower Saxony, gatmmer and summer dryness arises
pretty often, resulting in strong losses for crapers, so in the years 2003 and 2006. In
order to protect their enterprises against thesrisk unfavorable weather events and
negative economic consequences, farmers in Gerraaaya set of risk management
instruments such as the purchase of a hail insaragainst yield risks [BS08]. Farmers
in the northeast of Lower Saxony use irrigationtsys to cover water scarcity. Here
Germany'’s largest irrigation area has been estai®ver the last decades [Eg99]. The
water used for irrigation is predominantly taken oithe groundwater. In the context of
stochastic weather conditions affecting crop préidncand farm income, irrigation has
been identified as an important risk managemeatesiy [GK08]. Under the WFD, a
possible activity to protect water resources isolgnothers, a shortening of water
withdrawal permits [BT10]. The use of weather dafives as an alternative way to
reduce yield risks caused by weather fluctuationsntensively discussed. Weather
derivatives are financial instruments, like e.grwlard contracts, futures or options,
which are used to exchange weather risks [MuO5Jthla paper we demonstrate the
capabilities of an IT-based whole farm risk prognaimg approach for managing a
portfolio of more or less risky activities. It alls farmers to maximize the expected
value of the total gross margin of their farm aitiég when weather risks occur, farmers



are risk averse, risk management instruments aaflahle and constraints such as
limited water withdrawal permits under the WFD hawéde taken into account.

2 Methodology

In a whole farm risk programming approach the optirproduction program with
different kinds of risk management instruments leardetermined. To measure the risk,
the standard deviation of the total gross margimded. Farmers have to manage a
portfolio of more or less risky activities by hagidifferent crops in rotation or irrigating
crops with different amounts of water and in a selcstep buying weather derivatives.
This is incorporated into the model. To take theelef risk acceptance into account, a
limit for the allowed standard deviation to thelizad production program of the last
years is set. Nine different production activitie®ather derivatives and additional labor
are implemented in our IT-based risk programmingraach. Different limits for crop
rotations, family labor, quotas and risk parametmes set as restrictions. In a further
step, a variation of possible impacts of the WFD Vayying the amounts of water
withdrawal permits as a further restriction in thleole farm risk programming approach
are incorporated. The whole farm risk programmimpraach can be described as
followed:
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The aim of the approach is to maximize the expetttad gross margi(E(TGM))which

is composed of the expected gross margin of eagh(E(GM)) weighted by the amount
of hectares on which the crop is producedxn To implement different kinds of risk
acceptance into the approach, the standard deviaiogTGM) as accepted by the
farmer is taken. This could be measured by refgrtinthe production program of the
last years. The intention behind this approaclo iget the maximal expected total gross
margin by staying at the same level of risk acasg#aln order to show possible water
regimes within the WFD, different amounts of watee also restrictive in each
calculation. In the approach the derivates areredfenith a load of 20 % on the fair
premium. This load can be observed for example énn@any’s hail insurancp/NVe08]
and, therefore, can be considered a realistic agpro

3 Data

Georg [Ge08] already specified a typical arablenféor the region under consideration.



The typical farm approach has been applied in nao®mvestigations of, for instance,
international competitiveness of farming activit@sthe effects of political measures on
agricultural enterprises [Is04]. In our example them has 180 ha land and permits to
withdraw 144,000 rh of water for irrigation. In order to examine theosomic
consequences of a reduction of water withdrawamgsrfor the regarded farm, the
permits are varied. Scenarios with water permit8@fmm, 40 mm, 20 mm and the
complete dismissal of the irrigation are analy2afith its current production program
(25 % potatoes, 16 % sugar beets, 22.3 % summaevirtgebarley and 36.7 % winter
barley), a typical farm can generate an expectddevaf the total gross margin of
184,899 € by having an accepted standard deviatibn24,918 €. The yields
implemented in the analyses are based on expemm&arming results in the region
under analysis in the 1982 to 2006 period (fortfertdetails see [BK10]).

4 Results

The shortening of water withdrawal permits has aersible consequences for the gross
margins of crop-farming enterprises. Furthermohe teduction of water withdrawal
permits raises risks in crop production [BT10]. Méitit having the option to buy
derivates, the total gross margin of the farm walddrease by about 75.5 % (down to
43,505 €) by staying at the same level of riskrifjation was fully dismissed. In order to
protect farmers against dryness, weather deriatesliscussed as a possible alternative
risk management instrument [BS08]. In the basedicenario (80 mm) the farmer does
not have any incentive to buy weather derivatesabse the irrigation covers the whole
yield risk. When water withdrawal permits are cyt B0 % (40 mm), the effects of
weather derivates are quite small, because theefanses them to cover less irrigation-
efficient production activities, such as winter Ibgr Stronger cuts such as shortening
withdrawal permits to 20 mm increase the demandviether derivates, because in this
scenario the profitable and risky cultures sucls@gar beets and potatoes have to be
grown without irrigation. In the 0 mm-scenario west derivatives can bring a higher
expected value by staying at the same amount kf Ifithe farmer gets the opportunity
to buy a weather derivative with a load of 20 %tba fair premium, the total gross
margin of the farm rises by about 17% or 7,396 fhgared to the scenario without
derivatives. In this scenario the farmer cultivatesre risky but more profitable crops,
such as potatoes, and does less set asides.

5 Conclusions

This paper shows that weather derivatives coulihbeuments to lower the economic
impacts caused by decreasing water withdrawal perimi the northeast of Lower
Saxony. On the basis of an IT-based risk programna@pproach, risk management
instruments for crop farmers can be evaluated. gdtential of irrigation to increase
yields and to protect yields against drought tunasto be quite high in the investigation
area. If a shortening of water withdrawal permiteuld be implemented, weather
derivates could be an instrument for crop farmensawer Saxony to manage their yield



risks effectively. Nonetheless, weather derivativ@snot fully compensate the effects of
reduced irrigation on the total gross margin. Tfare from a farmers’ perspective a
continuation of the currently quite ample policy grinting water withdrawal permits

would be the economically most attractive solutibhe groundwater reservoirs in the
region under analysis are currently under intensivgervation. Depending on the final
judgment on the quantity of groundwater reservouater withdrawal permits may have
to be reduced. In this case, the proposed IT-beskgrogramming approach can help
farmers to make economically sound decisions onstidg their production program

and using other risk management instruments, ligeveeather derivatives.

Literature

[BK10] Battermann, H.; Kellner, U.; Muf3hoff, O.; Theen, L.: Die Bewertung der
Feldberegnung als Instrument des Risikomanagemamtisvirtschaftlicher Betriebe. In:
W. Claupein et al. (Hrsg.): Precision Agriculture é@led — Informationsgestitzte
Landwirtschaft. Kéllen, Bonn, S. 23-26, 2010.

[BS08] Berg, E.; Schmitz, B.: Weather-Based Instruménthe Context of Whole-Farm Risk
Management. In: Agricultural Finance Review, 68, $3.199-134, 2008.

[BT10] Battermann, H.; Theuvsen, L.: Wassermanagerfientlie Feldberegnung unter dem
Einfluss der EU-Wasserrahmenrichtlinie: Einzellediliche Auswirkungen alternativer
umweltpolitischer Instrumente. In: Zeitschrift fdmweltpolitik & Umweltrecht, 33. Jg.,
S. 139-164, 2010.

[Eg99] Eggers, T.: Wasserwirtschaftliche Rahmentmgatigen/Gesetzliche Vorgaben. In: RKL
(Hrsg.): Feldberegnung Ill. Rendsburg, 1999.

[Ge08] Georg, T.: Zukiinftige regionale Wettbewedlhsfkeit des Zuckerriibenanbaus und
Entwicklungsperspektiven  ausgewahlter  Rlbenanbadabetr an  Standorten
Norddeutschlands und Osteuropas. Dissertation hitéie Gottingen, 2008.

[GKO08] Gandorfer, M.; Kersebaum, K.-C.: Einfluss ddsnawandels auf das Produktionsrisiko
in der Weizenproduktion unter Berticksichtigung @€%-Effekts sowie von Beregnung.
In: OGA-Jahrbuch, Bd. 18, H. 3, S. 47-56, 2008.

[Is04] Isermeyer, F.: Internationale Wettbewerbgfkbit der europaischen Agrarwirtschaft. In:
Dabbert, S., W. Grosskopf, F. Heidhues und J. Z=ddHrsg.): Perspektiven in der
Landnutzung - Regionen, Landschaften, Betriebe - cheidungstrager und
Instrumente. Landwirtschaftsverlag, Miinster-Hiltr@p 37-50, 2004

[MuO5] Mufhoff, O.; Hirschauer, N.; Odening, M.: iolio Effects and the Willingness to Pay
for Weather Insurances. In: Agricultural Finance iRey 68. Jg., Special Issue, S. 83-

97.
[We08] Weber, R.; Kraus, T.; MuBhoff, O.; Odening,;NRust, |.: Risikomanagement mit
indexbasierten  Wetterversicherungen — Bedarfsgerechhusgestaltung und

Zahlungsbereitschaft. In: Risikomanagement in derduartschaft, Schriftenreihe der
Landwirtschaftlichen Rentenbank; Band 23, S. 9-52820



