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Executive Summary

Thissummary contains the highlights of my second consulting assgnment for the Water Reuse
activity of the Water Resource Policy Support project. Whereas my first assgnment dwelt with an
economic evauation of Highland irrigation that would receive recycled water pumped through a
pressure ling, * this assgnment had a much broader scope that required an economic appraisa of
options that would free up freshwater, aswell as provide recycled water to the Jordan Valley.

The gpproach was to review the 15 options for water reuse contained in the Draft Interim
Report (MWI/ARD, April 2001) for the purpose of choosing thoseto study carefully, those deserving
comment, and those that this consultancy would skip over. As background we discussed forecasts of
municipal water demand and discharges from As Samra, water quaity for municipd use, the
opportunities within the industrid sector for usng recycled water, and agriculturd profitability in the
Jordan Valley.

The criteria we sdlected for evauating the cost of freshwater was in terms of fils per cubic
meter delivered to the Amman-Zarga Basin and treated, when necessary, to meet municipal
standards. Asfor the beneficia use of recycled water in the Jordan Vdley, werdied on annualized
benefits and costs using a40-year lifeand asocid discount rate of 10 percent. Costsfor most of the
options involved congructing a pipeine dong with the associated O&M and pumping costs, and, in
some cases, desdination. We estimated agriculturd benefits according to net revenues per dunum
multiplied times the land area affected.

Our review of the Groundwater Action Plan of the Draft Interim Report yielded two useful
vaues when cogting freshwater resources. On the low Side, at essentialy zero cost to the economy, 2
are farmers wanting to be bought out because of their unsatisfactory financia postion. At the other
extremeis the fossil water of the Dis project, valued by the World Bank (1997) at 709 fils/n®.

! My first assgnment involved evauating three Highland options for possible use of recycled
water (HL#2a, HL#3, HL#4). The focuswas primarily on evauating, from an economic
perspective, the feasibility of developing new lands by pumping water through apipeline. Because
the nearest location showed poor economic results, the report (Shaner, November 2000) found it
unnecessary to carry out anayses of the other two aternatives. The approach paid only passing
attention to the amount of freshwater that might be saved at HL#3 and HL#4.

2 Zero cost from the national perspective because farmers anxious to be bought out could be
just breaking even financidly, not counting the intringc vaue of the water they are exploiting.
Removing their farming activities leaves the economy no worse off economicaly. Of course, the
Government would need to pay these farmers to get them to cease pumping from their wells, but this
iswhat economigts cal atransfer payment--something that does not add to or subtract from the
total economic output of the country.
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Aswill besseninthebody of thisreport, we reviewed four possibilitiesfor subgtituting recycled
water for freshwater. We did not attempt to estimate the unit cogts of freshwater for the Highlands
Irrigation Digribution Network (HL#4) because of the beief by MWI and ARD d&aff that
implementation of this option isimpracticable.  Following isasummary of the four options.

Northern Directorate Option (JV#3): Thisoption combines one component thet would divert 57
MCM of freshwater annudly from the King Abdullah Cand (KAC) and pump it via the pipeline
currently under condtruction to the Zai trestment plant in Amman, and to another component that would
ddiver 57 MCM of recycled water annudly via a gravity pipdine from Wadi Zarga to Northern
Directorate farmers whose freshwater would be taken from them. Since the Directorate receives an
average of 69,000 MCM of freshwater annudly, some of the farmers will ill have accessto 12,000
MCM of freshwater annualy. Since we assume that the gpplication rate is gpproximeately 1,000 CM
per dunum, the areas affected by this option are 57,000 dunums receiving recycled water and 12,000
dunums receiving freshwater. We anticipate that farmers receiving recycled water would switch their
cropping patterns away from citrus, which does not do well being irrigated with recycled water, to
vegetables. Net revenues from the vegetable crop would probably be smilar to that obtained by
farmersinthe Middle Directorate. We dso assumethat those farmers till receiving freshwater would
have their yidds reduced dightly because the smdler amount of water would probably mean less
certanty of supply. Totd annudized cogts, including pipdineand on-farm investment, operating costs,
pumping freshwater to the Zai plant, and farmers: losses comes to JD24.3 million per year, which for
57,000 MCM per year produces a unit cost of 426 fils'CM of freshwater delivered to the Zai plant.

Wadi Dhulell (HL#3): Thisoptioninvolvesbuilding al4 km pressure pipeineto ddiver annudly
25 MCM of recycled water to replace an equal amount of freshwater currently being pumped as part
of Dhulel Irrigation project. All of the 2,200 dunums currently being irrigated® would experience an
increase in yields, especialy for vegetables because the groundwater has become considerably more
sdine than the recycled water to be ddivered to the area. Tota annudized codts, including pipeline
investment and its operation and net of farmersgain in productivity cometo JD1.2 million. For asavings
of 2.5 MCM of freshwater annually, this comesto 467 fils’CM. In addition, the freshwater must be
treated to reduce the sdinity at an estimated cost of 500 filsyCM; but no freshwater delivery costsare
incurred because the point of useisether near by or downhill. Together, the annudized and treatment
codstota 967 filCM of freshwater available for municipa use in the Amman-ZargqaBasin (AZB)--
congderably above the Dis option.

Greater Wadi Dhulell (HL#3a): This option envisages an expanson of HL#3 to include
additiond farmers surrounding the Dhulell irrigation project, who draw from deep wells usng their
privately-owned pumps. The qudity of tis water is condderably better than that of HL#3; o,
treatment costsareless. Totd annudized cogtsat JD4.5 million are consderably grester for thisoption
because of itslarger size, but when the amount of freshwater saved (i.e., 9.5 MCM) iscounted, the unit

% Uses 1,200 CM per dunum on the assumption that most of the land is planted in fruit trees,
which requires more water than do vegetables.

Economics of Water Reuse in the Amman-Zarga Basin & Jordan Vdley Vi



cost of freshwater before trestment is 476 fils’CM--gmilar to that for HL#3. The biggest difference
between these two Dhuleil options is the cost of trestment, which for HL#3a, would be only 130
fil§CM. Combining the two costs brings the tota to 606 filSCM of freshwater available for municipa
useinthe AZB.

Hashemite- Rusefieht Zarga, HRZ, Area (HL#1): Thisoption involvescongtruction of a17 km
pressure pipdine to the Hashemite- Rusefieh Zarga indudtrid areg, primarily to serve the indudrid
cooling requirements of the refinery and two power plants, one of which remains to be built. Totd
recycled water requirements would be 13.0 MCM to replace an equa amount of water now pumped,
or would be pumped, from the Amman-Zargaaquifer. Becausethesdinity levesarehighand indudtrid
specificationsfor cooling water are dso high, the affected industrieswould (and currently do) bring the
sdinity levelsdown to standards smilar to those required of freshwater for municipa use. Pumping and
treatment costs of thewell water would be the same whether itisused by industry for cooling or by the
municipality for household consumption. But the recycled water must be treated, probably as part of
the As Samra expansion and upgrade. Without benefit of specific information, we have assumed a
trestment cost of the recycled water that islower than that industry currently incurs because of the more
favorable sdinity content of therecycled water. Total annudized costs of the pipeline and its operation
are JD1.8 million, which divided by 13.0 MCM saved each year gives a unit cost of 136 filSCM.
Adding to this an estimated trestment cost of 250 filSCM bringsthetota to 386 filCM of freshwater
avalable for municipa usein the AZB, which is the lowest of the four options.

Theforegoing calculations reved ed how recycled water can contribute to increased supplies of
freshwater availablefor municipa use. The cdculationsaso reveded the wide spread of costs, ranging
from alow of 386 filYCM for the Industria optionto ahigh of 967 filsCM for theWadi Dhulell. If the
Government assignsits highest priority to the use of recycled water for replacing freshwaeter, aswell it
might, then the next in ling, in terms of contributions to the national economy would be the use of
recycled water for industrid purposes. Generaly speaking, industry requiresrdatively smdl quantities
of water per unit of output (vegetable canning would be an exception); the absence of an adequate
supply comesat ahigh opportunity cost interms of foregone income for the economy. Thismeansthat
those who plan the dlocation of recycled water should be certain that industry (existing and planned) is
well provided for. While the Government hasasocia obligation to see that those currently farming are
not denied the water they are accustomed to receiving, at least in quantity if not in quality; it should be
aware of theinferior productivity of water in agriculture,

As aprelude to looking at the profitability of agriculture in the Jordan Vdley, we derived net
returns per dunum for the Northern, Middle, and Karameh directorates based on valuesfor each Stage
Office. Our results were in terms of the national perspective (actudly those based on market prices)
and the farmers perspective: thelatter by removing most of the labor costs so asto arrive a net returns
to family labor and management. The build-up of values began with cropped area, as provided by
ARD, and yidds, unit prices, and production costs, asfound in the Forward reports (June 2000). Our
findings confirmed the general wisdom that the Northern Directorate is the most productive areaand
the Karameh Directorate isthe least. Below are the results.

NET RETURNS
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Northern Middle Karameh

---------------- JD/dunum:--------=----------
Nationa perspective 217 154 106
Farmers perspective 269 263 179

The reason that the farmers: perspective for the Middle Directorate gains on that from the Northern
Directorate isthat the Northern Directorate is planted largely in citrus, which uses modest amounts of
labor, and that of the Middle Directorate is mostly planted in vegetables, which uses consderable
amountsof labor. With thisinformeation we could ca culate the economic effects of thethree optionsthe
Jordan Vdley. Following isasummary of each.

Northern Directorate (JV#3): Recal from the earlier description of thisoption thet it contained
two components. onefor theddivery of freshwater to Amman and the other for the ddlivery of recycled
water viaagravity lineto the farmers. Conceptudly, at least, these two components can be andyzed
separately, and in this case the andyss assumes that the Northern Directorate has dready lost 57
MCM/year of its freshwater supplies and would, therefore, be largely operating under rainfed
agriculturd conditions. Thisandysslooks at the net revenues produced by bringing recycled water to
the areawhich would be receiving only 12 MCM/year of freshwater for irrigaiton. Thecogtsof ddivery
are those shown earlier, while the estimate of benefits combine the net revenues from using recycled
water on 57,000 dunums and freshwater on the other 12,000 dunums. In measuring net revenueswe
assumed that cropping patterns, yields, unit prices, and production costsfor the 57,000 dunumswould
be smilar to those in the Middle Directorate and that net revenues for the 12,000 dunums would be
reduced by ten percent from higtorical values because of the smdler supply. The results show a
relatively small annud lossof JD 609,000 over the whole 69,000 dunums By increasing our estimate of
the net revenues per dunum by only seven percent (from JD154 per dunum to JD165 per dunum) this
component of the option bresks even. Such asmal increase is wel within the margin of error of our
edimates. So, rather than abandon the farmers of this directorate over such a smdl loss, prudence
would suggest that recycled water be ddlivered to the area.

Middle Directorate (JV#2): The Government=saction concerning thisoptionissmply toalow
additional diversonsof 6.0 MCM of recycled water per year to farmersin this directorate. No other
action isrequired, since facilities are dready in place for use of this additiona quantity of water. The
anticipated result is an intendfication of cropping aong the lines now being practiced by farmersthere.
Our estimate of the amount of additiond water that could be used isbased on bringing the area cropped
when water is scarcest to the average of the areas planted during the two other seasons when water
deliveriestotheareaare not redtricting. Using historical net returnsfrom thisquantity of water produces
net annud revenues of JD2.2 million, assuming farmers can produce three vegetable crops per year.

Karameh Directorate (V#1): By being at the tall end of the KAC system this southern-most
directorate receivesthe least amount of water with theleast degree of certainty, which helpsexplain the
low net revenues per dunum. To add to KAC deliveries, farmersin Stage Office 6 and Stage Office 9
resort to pumping from the sdine aquifer below their land and from water flowing in the drainage
ditches. Stage Office 10 has its own freshwater sources, but could use additiond supplies of water.
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This option combines congtruction of a5.5 km pressure pipeline to the Stage Office 10 areawith the
dlocation of roughly 40 MCM of recycled water yearly for thewhole directorate. With thisadditiona

water, farmers should be able to expand production on 34,000 dunums and intensify production on

another 5,600 dunums. We have assumed net revenue increases, whether new or intensified, to match
the Middle Directorate in terms of profitability; however, new production requires on-farm investment
samilar tothat estimated for Highland farmersby Shaner (2000). Theresultsare net annud increasesin
revenues of JD3.1 million. Returnsto arepresentative share cropper indicatesthat such apersonwould

earn enough incometo dightly exceed the average rurd incomein Jordan, while giving theland owner a
15 percent return on hisinvestment. Both results are considered to be modestly acceptable.

Other Options. This report comments, without caculation, on two other issues concerning
discharges from the As Samra plant. One of these isthe use of recycled water by farmers bordering
Wadi Zarga. The Government would like to redtrict, rather than promote, the use of such water,
because of its concern over domestic hedlth and the reactions of foreign buyers of Jordarrs fruit and
vegetables. But, farmers adjacent to the Wadi will probably continueto divert the water asthey seefit.
Thus, our suggestionissmply to alow for such usewhen dlocating recycled water supplies. Theother
issue concerns saving surplus flows of the KAC by recharging the locd aguifer. The concept has
economic merit; but the practicality awaits further sudy.

Thefina part of this report comments on how these options might be combined into dternative future
scenarios for implementation. We looked at the relationship between growth in both municipd water
demand and discharges from As Samra. Critica to the relationship between these two factors are the
assumptionsof populaiongrowth overdl and for the Greater Amman-Zargaares, the assumed increase
in per capitawater consumption, and the difference in volumes between municipa water consumed and
recycled water discharged. Of the options, Northern (JV#3) would save the most freshwater, i.e., 57
MCM per year. But, according to our analyss, as just described, these extractions from KAC must
wait until an equa quantity of recycled water becomesavailablefor farmersin the Northern Directorate,
which according to the projectionswould not occur until 2015. By thisdate, if the projectionshold true,
al of the 57 MCM could be gpplied directly to meet municipa demand and Highland pumping for
municipa purposes could be reduced by an equa amount, which should benefit this Highland aquifer.
The Industria option (HL#1) yields the next largest supply of recycled water, and does so at the least
cost. Findly, ddiveriesto both the Middle and Karameh directorates show good economic returns.

The report:s findings reved two important points. first, the four options, along with Disi
water, can meet the projected municipal water demand well beyond the planning date of 2025;
and the combined demand for recycled water by the five options'exceeds for an even longer
period.
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Introduction

The Minigtry of Water and Irrigation (MWI) and its generd consultant, Associates in Rurd
Development (ARD), have developed a series of options for providing additiona fresh weter for
municipa usein the Grester Amman-Zarga Basin and for meking beneficid use of the recycled water
discharged by the As Samra Treatment Plant. Together, the two groups have begun formulating
scenarios that comprise an effective grouping of the more rdlevant options.  The purpose of my
consultancy wasto eva uate these various options and to consider an approach to scenario formulation.
So asto focus this report=s efforts on the more relevant issues and to present its findings over awide
range of options, much of the technical detail about options have been omitted. Theinterested reader
can find such detail in the many reports now available in ARD=s Amman office. While my task has of
necessity concentrated on economic factors, | am aware that purely economic matters seldom sway
governmentd decison makersentirdy. They rightfully must consder socid, palitic, adminidrative, and
budgetary mattersaswell. Whileit would be niceto look a some of the macroeconomicissuessuch as
the way the options contribute to the country=s employment and foreign exchange needs, the detailed
economic caculaions required by the many diverse options forced such considerations out of the
picture.

My previous consultancy concluded that pumping recycled weter viaapipeineso astoirrigate
new lands was not a viable option from a national economic point of view. Note should be taken of
frequent Government satements that economic growth through efficient undertakingsisoneof itsprime
objectives. Consequently, we agreed to diminate highland options (HL#2, 2a, and 2b) on purely
economic grounds. To the extent that the Government wishesto provide farming opportunitiesthrough
the provison of recycled water, far better options can be found in the Jordan Valey, where land
remansunder utilized and water can be made availablewithout pumping--the Northern Option (JV#3)
excepted.

Asapoaint of reference, the Groundwater Management portion of the ARD contract explored
severd options for developing new fresh water sources and protecting the aquifer from which the
Amman Zargabasin receivesitsmunicipa water supply. One of these sourcesisfoss| water from Dig,
mentioned in the 1997 World Bank and Fitch (2001) reports. The estimated cost of thiswater comes
to 708 fils per cubic meter, including the cost of constructing the pipeline, pumping the water, and
maintaining theline. At theother extreme, mentioned in the Fitch report, isthelow cost of afarmer buy-
out program. About 30 percent of thefarmersinterviewed by the Groundwater Management team said
they would be happy to have the Government buy out their wells. Assuming that many of thesefarmers
arefinding it difficult to make a profit because of theincreasing pumping costs and increasing sdinity of
the water, the economic cost to the economy of stopping this agriculturd use of groundwater is at or
closeto zero. True, the Government would have to compensate these farmers, probably with some
form of cash payment, but thiswould be atransfer payment, much the same asthose associated with
socid programsfor public education and health. The reader may want to keep these two vaues (zero
or near zero and 708 fils per cubic meter) in mind when reading about the cost of water associated with
the options soon to be considered.

Economics of Water Reuse in the Amman-Zargqa Basin & Jordan Valey 1



Thefallowing sectionscontain asummary of thisconsultancy=sandyticd findings. They incdlude
1) a section on methodology, 2) condderation of five options for making additiona fresh water
available* 3) an option that promotes industry, 4) profitability of agriculture in the Jordan Valley, 5)
congideration of five options that provide recycled water to farmers, ® 6) concepts to consider when
forming dternative scenarios out of the acceptable options, 7) conclusions, and 8) an gppendix with
tables supporting the profitability of Jordan Valey agriculture.

M ethodology

The approach to economic anayssused in thisreport relies on annuali zed vauesfor esimating
Government cogsof water delivery and farmers: costsfor on-farminvestment. We assumed a40-yesr
investment Ife, periodic replacements, and a Asociald discount rate of ten percent® We start with
investment costsfor water delivery and on-farm facilitiesthat are essentidly in present worth termsthen
adjust the costs downward to alow for various savings in he net present worth (NPW).”  Wethen
convert the adjusted values to an equivalent annual worth using standard benefit- cost techniques.

For evauating optionsthat free up fresh water, the resulting measure of interest isfils per cubic
meter delivered to the Amman-Zarga watershed and of suitable quaity for potable consumption..

* The relevant fresh water options are Northern Directorate (V#3), Wadi Dhulell (HL#3),
Greater Wadi Dhulell (HL#3a), Highlands Irrigation Digtribution Network (HL#4), and Indugtrid
Area (HL#4). For details, see for example WMI/ARD (April 2001).

*The relevant recycled water options are Northern Directorate (JV#3), Middle Directorate
(IV#2), and Karameh (V#1).. For details see, for example, WMI/ARD (April 2001).

® The Fitch report relies on a 30-year analysis period. We believe that 40 years more
nearly reflects the effective life of most water-delivery facilities, assuming proper maintenance and
periodic replacements. The difference between our two assumptionsis margind.

’ The standard engineering estimates employed by ARD engineers include market land
vaues, financid contingencies, and a summation of cogts that implies no congtruction periods.
Correcting for these, using results from my earlier report (Shaner, 2000) yielded a NPW 30 percent
lower than contained in the source material. This explains the 30 percent reduction in investment
cogis that the reader will seein some of thetables. The reader will also see two other figures--23
percent and 15 percent--as deductions to the infrastructure costs. These represent adjustments to
place the stream of costs on a comparable basis with estimated stream of municipa water made
avalablein the Greater AmmanZarga Basin. The plus 50 percent added to farm investment
reflects frequent replacements for the shorter-lived on-farm assets. Our reasoning in taking this
Aadjustment(l approach was smply to save time by not having to develop the standard cash-flow
andyses. Given the great differencesin magnitudes of some of the costs, we thought this approach
reasonable.
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Ddivery isamgor cost for the Northern fresh water option, but not for highland options. On the other
hand, trestment cods (due to high sdinity levels) are of mgor significance for some of the highland
options, but not for the Northern fresh water option. Given the extreme importance of potablewater to
the Jordan economy, this measure (fils/cubic meter) serves as a numeraire, which in theoreticd

economics is the item to be optimized ether through cost minimization asin the present case, or asan
item generally to be maximized, as when wishing to useinvestment capita efficiently.? However, using
this measure of water, which includesitslocation and qudity, does not imply that the fresh water saved
must be pumped. Deciding whether to use the water directly for consumption, with the implied
trestment requirements, isagroundwater management decision that falls outsi de the scope of thisreport.

For evduating options that provide recycled water to farmers, the measure of interest is net
annualized net revenues. The measurement could just aswell have been in terms of NPW; but the
measure of benefits was dready in aready and suitable form.

When Government investments are concerned, we evaluated the project from the national
perspective. Should the results prove positive, the question remains as to whether farmers would be
interested. To gain ingght into this question, we estimated net farm returns with most of labor costs
removed. Theresultswould be essentidly in terms of returnsto family labor and management that can
then be compared with what is consdered an acceptable income for arurd family. We gpplied this
approach for the Karameh option.

Findly, a reader of my earlier report (Shaner, 2000) will note that | used a rate of return
measure, rather than ether the annualized net returns or NPW. While procedures are dightly
different, when carried out properly, they lead to Smilar decisons. An advantage of therate of return
method is that non-economists have anintuitivefed for theresults. Inthe present case, our rliance on
annualized vaues has the advantage of showing net income that farmers might earn on their land--
whether owned or rented.

Optionsthat Free-up Fresh Water

As dready noted a mgor concern to Jordan is the provision of potable water for a growing
population. Consequently, the ARD gaff has given careful attention to those options that potentialy
could free-up fresh water for Amman-Zarga Basin resdents. Of the following five options only the
Northern Directorate one provides large quantities of water at unit costs considerably lower than the
Dig source; however, farming activitiesin the Northern Directorate will bedisrupted. These condusions
flow from the anadlyss, which follows.

8 Gittenger of the World Bank describes numeraire asA. . . the unit that measures the
objective being maximized. Usudly in project analys's, the objective is to maximize returns to
capitd.(
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Northern Directorate (JV#3)

Characterigtics: Congruction and operation of agravity pipdinethat would carry recycled water
from the King Tdd Reservoir (KTR) to the upper reaches of the Northern Directorate. Thediverson
point isalong the Wadi Zargaat an devation of some 100 m abovethevalley floor. Thisoptiorrsintent
is to subgtitute 57.0 MCM in the near future, which would be pumped to the Za trestment plant for
municpa use via a pipeine with this capacity that is currently under construction and scheduled for
completion next year. For the time being, the gravity liness surplus capacity of about 12,000 MCM
cannot be ddivered to Amman, which meansthat this same quantity of fresh water could fill beusedin
the Directorate. We assume that irrigating with recycled water would cause loca farmersto gradudly
move out of their concentration on citrus, Sncethiscrop requires|ow-sdine water to performwell, and
into cropping patternstypica of thosefoundinthe Middle Directorate. Accordingly, we have assumed
that farming the 57,000 dunumswith recycled water would lead to lower net revenues per dunum. We
have aso assumed that those who continue to receive fresh water would find their yields reduced, but
only dightly. Table 1 providesthe detalls.

Investment & Operating Codts: The estimated design and congtruction cost of the 67 km gravity
recycled water pipdine is JD87,2 million, its annud O&M cost a 1.5 percent of investment cost is
estimated at JD1.3 million; the estimated annua cogt of pumping the fresh water to Zal and mantaining
the line (O&M) isJD11.1 million. Farmers invesment indrip facilities (mainly filters, booster pumps,
and filter lines) would be JD11.8 million. Annud cropping losses of JD3.9 million result from 1) the
switchover from fresh water to recycled water for those on the 57,000 dunums and 2) from reduced
yidds for those on the other 12,000 dunums who are till able to receive fresh water, but at alower
leve of cartainty.

Results: Thesefigures combineto produce acost of good-qudity freshwater ddiveredto Zai of
426 filsper CM. No account wastaken of theinvestment cost of the fresh water pipeline from the off-
take point on he KAC to the plant a Za, is that the line is dready under construction and,
consequently, iswhat economigs cdl asunk cost. Wereit to beincluded, the cost would rise to 529
filsper CM. Table 1 shows the cdculations, as well as more detall.
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Table 1. Freshwater Cost for Northern Pipeline Option (JV#3)* - Nationa Perspective

Freshwater diverted , MCM /yr 57 .0
Areas relying on recycled water dunums 57 .000
Areas continuing to use freshwater , dunums 12,000
Total area . dunums 69 .000
Costs  --- ------
Annual
Equivalent
1= 00 ettt letetete Investment  ----- @ 10 % dis .
JD /dunum JD '000 JD '000
Pipeline investment 87200
Adjustment to pipeline @ -23% -20056
Filters . controls ** 38
Drip lines for vegetables * * 67
Sum 105
Adjustment @ + 50 % 53
Tree clearance , field leveling . contouring 50
Totalon -farm 208 11828
Total investment 78972 8079 J***
—————————————————— Effects on net revenues to agriculture Soomoooooeoooooo-
Ten percent reduction in net revenues due to less secure water for the
freshwater users : 10 % x existing net revenues
0.1 217 12000 260
Income loss due to lower net revenues by switching to recycled water
' (compares net revenues of the Middle Directorate with that of Northern )
217 - 154 63 57000 3591
Sum of two agricultural losses
PipelineO &M @ 1.5% of pipeline investment 1308
Pumping cost on existing line to Amman @ 10 thatofHL #2a 7063
Marginal pipeline O &M on existing line to Amman @ 140 % of pumpin 4000
Total 24301
Cost , fils /CM 426

* N.B. Investment costs for the pipeline that would carry freshwater to

are omitted because the pipeline already has been built The resulting
cost of freshwater , at 430 fils /CM , is therefore uniguely low and not
representative of costs of providing water in this way

** That one half of the on
not require replacement
** *  Conversion factor

@ 10 %, 40 yrs = 0.1023

-farm investment can be salvaged and therefore

Pipeline investment 67500
Adjustment to pipeline @ -15% -10125
Net 57375 5869
Total that includes pipeline investment from KAC to Zai 30171
Cost , fils /ICM 529
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Wadi Dhuleil (HL#3)

Characterigtics. This option would deliver recycled water viapipeineto an area 14 km east of
As Samrafor the purpose of conserving 2.5 MCM of fresh water currently being used to irrigate some
2,100 dunum. Thisirrigated areais part of the Dhulel Irrigation project that provides farmers with
groundwater pumped from deep wells, ddlivered to astorage reservoir, and distributed to their fields.
The system once served alarger areathat includes 8,000 irrigable dunum, but hasbeen cut back toits
present size because of afdling agquifer and increased sdinity of the pumped water, which gpproximates
2,500 mg/It. Based onthedesdination processloca industry uses, the cost of bringing the sdinity level
down to that acceptablefor municipd useis500 filsper CM. No further pumping isrequired to deliver
the fresh water to atreatment plant, Sncethe water either would be consumed localy or in the Amman
area, which isroughly at the same devation. The result isahigh unit cost of fresh weter for ardatively
smal amount. On the other hand, if the option were undertaken, farmerswould benefit because of the
lower st content of the recycled water. Their yieds should increase dightly for the fruit trees (mainly
olives) they own and more so for the vegetables they grow, which means farmers ought to support the
option, unless problems of hedth and possbly clogged drip lines are offsetting.

Investment & Operating Codgts: Pipdineinvestment would be JD6.6 million, after adjusting for
land, contingencies, and timing.. No on-farm investment would be required, snce no new areas are
being developed. Pipeline O&M at 5.0 percent of pipeine investment comesto JD470,000 per year.
And annua pumping costs for the recycled water are estimated at JD67,000. Farmersincomewould
increase by an estimated JD42,000 per year, thus offsetting dightly the pipeline costs. And no costs of
pumping fresh water for useinthe Amman ZargaBasin isthought to be needed. However, desdinaion
isthe largest cost by far.

Results: Thetota annud cogt of this scheme, net the smdll savingsto farmers, isJD1.2 million,
whichfor 2.5 MCM per year equals 467 filCM. Add on 500 filS'CM for the required treatment for
municipa use and the total becomes 967 filsCM. Table 2 shows these results and how we derived
them.
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Table 2. Freshwater Cost for Wadi Dhuleil (HL#3) — National Per spective

Cropped area, dunums 2100
Freshwater diverted, MCM/yr 2.5
----------------------------------------------- COSES - == mm oo e e oo
Annual
Equivalent
--------- Investment ----- @ 10% dis.
ltem JD/dunum JD'000 JD'000
Pipeline investment 9400
Adjustment to pipeline @ - 30% -2820
Net pipeline 6580 673 *
Increase in yields 20 -4 **
Pipeline O&M @ 5% of pipeline investment 470
Pumping for delivery of recycled water 67
Pumping cost for freshwater delivery system 0
Total 1168
Cost per CM of freshwater 467
Desalination of municipal water (salinity level of 2,500 mg/It) 500
Cost, fils/CM 967

* Conversion factor @ 10%, 50 yrs = 0.1023

** Because of the better quality of recycled water , yields are expected to go up
by roughly 5% for tree corps (mainly olives) and 25% for vegetable crops, based
on values for HL #2a (Shaner, 2000).

Greater Wadi Dhulell Area (HL#3a)

Characterigtics: Thisoption modifiesthe preceding one (HL#3) by expanding theareatoindude
farmers who pump about 7.0 MCM of water amnudly. ARD-s computer files show that water from
these wells contain roughly 1,000 mg/lt, which makesits qudlity relatively good and meansthat it could
be combined with other municipal water without further trestment. Together with the 25 MCM of
lower-qudity water of the HL#3 area, the overall cost of treated water, ready for municipa use, is130
filCM. Water pumped from Government-owned wellsin the areafeedsinto adistribution system that
could, aswould be the case with HL#3, serve ether thelocal areaor Amman. And, aswith HL#3, this
optionwould not incur pumping coststo deliver thefresh water toamunicipa trestment plant. With the
same qualifications as above, farmers ought to support this option because they would pay arecycled
water charge that is considerably less than their current pumping costs, estimated at 70 to 100 fils per
cubic meter.?

® Thislarger figure comes from Dr.Radaideh, who owns afarm in the Highlands and is a
member of ARD gt&ff.
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Investment & Operating Cogts: Pipdineinvestment would be JD24.4 million, after adjusting for
land, contingencies, and timing.. No on-farm investment would be required, since no new areas are
being developed. Pipdine O&M comesto JD1.7 million per year and annud pumping costs for the
recycled water are estimated at JD275,000. Farmers income would not increase because water
quditiesaresmilar. No ddivery coststo atrestment would beincurred. And, asabove, desdinationis
the largest codt item.

Reaults: Thetota annua cost of this schemeis JD4.5 million. When divided by the fresh water
saved, the unit cost is 476 filsCM. Add on 130 fils'CM for the required trestment and the total
becomes 606 filYCM. Table 3 shows these results.

Table 3. Freshwater Codt for Greater Wadi Dhuleil Area (HL#3a)

Cropped areadunums 7900
Freshwater diverted MCM/yr 9.5
----- Losts
Annual
Equivalent
--------- dnvestment---- @10% dis.
ltem JD/dunum JD'000 _ JD'000
Pipeline investment 34927
Adjustment to pipelinéd - 30% -10478
Net pipeline 24449 2501 *
Reduction in vields 0
Pipeline @M @ 5% of pipeline investment 1746
Pumping for delivery of wastewater 275
Pumping cost for freshwater delivery syste 0
Total 452
Cost per CM of freshwater 476
Desalination of municipal watésalinity level of1,000 md/lf) 130
Cost fils/CM I 606

* Conversion factor@ 10, 50yrs = 0.1023

Highlands Irrigation Distribution Network (HL#4)

Characterigtics: An arealabeed HL#4 that would serve an exigting irrigated areasome 35t0 40
km northeast of As Samra; estimates have not yet been made of the irrigable area, dthough it is
congdered extensve given current irrigation activity in the areg; the water source is from deep wells
operated primarily by large farmers who grow a variety of fruit, vegetable, and field crops.

Investment & Operating Costs: Not estimated because of the ARD tearrrsbdlief that theoption
carries too many points againg it to justify making the cdculaions. The reasons for reaching this
concluson include:

Results None.
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Industrial Area (HL#1)

Characterigtics: Thisoption involves building apipdinethat pumpsrecycled water 17 kmto the
Hashemite- Zarga- Rusefieh (HRZ) areawhere it would be stored and then delivered by spur linesto a
few principd locations. The new power plant and the refinery would use the recycled water for
indugtrid cooling, with an annua demand of 5.5 MCM and 3.9 MCM, respectively. Lesser annud
demand could come from the East Zarga Planning Area (2.0 MCM), other industry (1.0MCM), and
the existing power plant (0.6 MCM). These amounts tota 13.0 MCM that would otherwise be
pumped from the underlying aquifer (MWI/ARD, April 2001). The qudlity of water from this aquifer
ranges from 1,800 for the existing power plant to 2,500 mg/lt for the refinery. Both levels are
consderably abovethethreshold level of 500 mg/It desired to avoid scaing, microbid growth, and other
system fouling. As a result, these users resort to reverse 0Smosis--an expensive process. Besides
saving 13 MCM of fresh water annudly, this option has an advantage in that industry can afford to
reimburse the Government for the full cost of recycled water and appearswilling to do so, provided the
recycled water istreated to indudtria specifications. While tota expenditures, say for the new power
plant, would be substantial, as a percent of total production costs, the amount issmall.’® By contrat,
the Government would not expect farmers, epecidly smdl-scale operators, to pay awater charge that
coversthe full cost of a pipeline or other delivery system. In this sense, thisindustrid use of recycled
water provides a substantia fisca benefit.

Investment & Operating Codts: Pipdineinvestment, after adjusment, comesto JD11.2 million.
Annua O&M and pumping cogts, asestimated by the MWI/ARD report (April 2001), are JD 478,000
and JD138,000, respectively. The As Samra cost of treatment before delivery to the industrial area
remainsto beworked out; so, for purposes of thisandysis, we have picked 250 fils per cubic meter as
the cost of treatment required to meet industriad specifications. The cogts of pumping from wells and
subsequent treatment, whether for industrial cooling or municipa consumption, are essentidly the same
and need not enter into the imputed cost of potable water; and no codts of delivering water to a
treatment plant in Amman would be necessary because the indudtrial area lies above the plant.

Results: The annudized cogt of pipdineinvestment plusannud O& M and pumping costs come
to JD1.8 million, which for 13 MCM per year equas 136 filSCM. Add on 250 filSCM for the
required trestment at As Samra and the total becomes 386filSCM. See Table 4.

19 At 55 MCM annudly, which is the amount of cooling water required by the new power
plant, and a aunit cost of, say, 400 fils'CM, the plant would pay JD2.2 million per year--aszable
amount. But compared with the plant=s overdl operating costs, the percentage issmal. Rough
caculations suggest that the percentage of cooling water cost to tota plant cost could be on the
order of two percent.
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Tabhle4. Freshwater Cost for Industria Area (HI #1)

Freshwater divertedMCM/yr 13
———————————————————————————————————————————— L£OStS ~mm-mmmmmmm oo
Annual
Equivalent
Investmen @10% dis
Iltem JD'000 __ |JD'000
Pipeline investment 13227
Adjustment to pipelil -0.15 -1983
Net pipeline 11239 115d * *
Q&M * 478
Pumping of recycled water to the industrial site 138
Pumping cost for freshwater delivery sys 0
Total 1764
Cost per CM of freshwater 136] * *
Treatment of recycled water to meet cooling specification 250
Total costs@ fils'CM | 386

* MWI/ARD, April2001, p. 16.
** Conversion facto® 10%, 50yrs = 0.1023

An Option that Provides Recycled Water to Industry

As a generd rule, the Government will want to give priority to the use of recycled water
whenever it freesup fresh water. Next on the hierarchy of importanceis Jordares use of recycled water
for industry that does not offer this fresh water opportunity. As suggested in the foregoing section on
option HL#L (Industrid Areq), the vaue of water to industry is consderably higher than that for
agriculture, partly because the amount of water required is less than in agriculture, partly because
industry usudly contributes more autput per unit of input (including water), and partly because of
industry=s key role in a country-s development strategy. This does not mean that agriculture is not
important. It hasits place asaprovider of consderable employment for the rdatively unskilledandin
reducing the country-s dependence on imported foodstuffs. The point inthis section isthat areatively
amdl amount of water reserved for industry can yield considerably more economic benefit thaniif it were
added to the aready large quantities being used in agriculture. Adminidratively, this means thet the
Government should favor industry=sclaimto recycled water over agriculturesclam aslong asrecycled
water requires aloceation.

Profitability of Agriculturein the Jordan Valley

Daaareavailadlefor irrigated agriculturein the Jordan Valey, but not in aform that gave usthe
information needed to evaluate the optionsfor the directorates. What we wanted was net revenues by
directorate from the nationd and farmers perspectives. Appendix A containsthe tables by which we
generated the required information using cropping patterns reported for 1997 and cropping yidds and
prices for the three years of the Forward Study, namely 1995 to 1997.
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Our findings show thefollowing resultsfor the three directoratesin terms of annua net revenues
per dunum. As noted earlier, the differences between the two perspectives is that the farmers
perspective does not contain labor for transplanting and routine tasks, and only one-third of the
harvesting labor (except in the case of cucumbers because of the large quantities involved).

Northern Middle Karameh

---------------- JD/dunum------------------
Nationa Perspective 217 154 106
Farmers Perspective 269 263 179

The nationd vaues, which do not include the labor adjusment, fdl in line with generd
expectationsabout therdative profitability of agriculturefor thethreedirectorates. Thehigher returnsin
the Northern Director are dueto acombination of good soilsand water and therdatively high returnsto
citrus. Vduesfor the Middle Directorate are heavily weighted by the large percentage of the areain
vegetables. And the Karameh Directorate wasinfluenced by the shortages of weter during thelatter half
of thecropping year. What isdtriking about the rel ationships among the three directorateswhen looking
a net revenues from the farmers: perspective is the extent to which returnsin the Middle Directorate
approach those in the Northern Directorate. But of course, labor is a much larger component of
cropping cogts for vegetables than for citrus. Moreover, the higher cropping intendity in the Middle
Directorate accentuates the impact.

The returns to vegetables vary widely according to the number and type of vegetables the
Forward study reported asfinding in each of the Stage Offices. To givean example, theonly vegetable
shown in the report for Stage Office Ten was eggplant, which produced alossfor the years reported;
tomatoes was the only crop reported for Stage Office Nine, which produced a modest return; and
Stage Office Five showed amix of five vegetables and much higher net revenues, partly because of the
extremdy high yields and profits of cucumbers. Moreover, the impact on directorate-wide averages
depended heavily on the percentage of vegetablesgrown. The percentagewasthe highest, leadingtoa
high cropping index, in the Middle Directorate and a low percentage in the Northern Directorate,
producing a low cropping index there. (The interested reader can find these results in the tables of
Appendix A.)

Optionsthat Provide Recycled Water to Farmers

As will be discussed in the section on scenarios, recycled water will become increasingly
available as consumption of municipa water in the Amman-Zarga Basin expands. By the target year
2025, recycled water should be plentiful. But for now, recycled water is a precious commodity,
epecidly among farmersin Karameh Didlrict--i.e., those a thetail end of the King Abdullah Cand. Of
the five options in this section, the Government must build ddivery facilities only for the Northern,
Karameh, and recharge ones. (The characteristics of the Northern option are the same as discussed
above, but the andyds is different.) Because of the Government investment for these options, the
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andyssistaken from the nationa perspective. The other two options (Middle Directorate and Wedi
Zarga) do not require Government investment, so the perspective is that of the farmers.

Northern Directorate (JV#3)

Note: theearlier andyssof thisoption combined two investment decisons--onethat ddlivered
fresh water to the Zai plant and another that delivered recycled water to Didtrict farmers. Thetwo are
only one-way independent. That is, fresh water can be diverted to Amman, whether or not therecycled
water lineisbuilt to compensate farmersfor their loss of fresh water; or, they can beleft with agrestly
diminished fresh water source(i.e., 12 MCM/yr instead of the current 69 MCM/yr). The other option,
of providing recycled without the diversion of fresh water to Amman isnot aredigtic option. Because
of the described independence of dternatives, this andysislooks a whether or not the recycled water
line can be judtified economicdly. If not, and the Government decides not to invest in the recycled
water line, the cost of fresh water (filsCM) would be reduced considerably, but with consderable
disruption in the lives of locad farmers.

Characterisics and Invesment & Operating Costs. Same as that described under the fresh
water verson.

Reaults This option loses JD609,000 per year, assuming farmers switch to cropping patterns
smilar tothosein the Middle Directorate and earn acomparablereturn (i.e., JD154/dunum). Based on
57,000 dunums, the shortfdl is only JD11/dunum, or only 7 percent--well within the margin of error of
these estimates. With so much at stake palitically and socidly, should the Government deprive Northern
farmers of water they traditiondly have come to expect, deciding not to build the ddivery line is
unredigtic. Onthisbass, thefresh water cum recycled water option standsas originaly conceived, and
the derived cost of fresh water at 426 filSSCM remainsintact. See Table 5.
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Tahle 5. Profitahilitv of Northern Pindine Ontion (V#3). Nationd Peranective

A comparison of alternatives recycled water delivered to the Northern Directorate with the
gravity line against that which would prevail if the line were not built and farmers

in the Directorate were left with only thd2.0 MCM per year of freshwater remaining

after the57.0 MCM per year is diverted to Amman To simplify the calculations assume

that farmers use this smaller amount of water on a proportionally smaller amount of land as
efficiently as they would the recycled water In reality, the recycled water is likely to be more
reliable, but because of its poorer quality yields could be less These two possibilities tend
to offset each other
Cropped area dunums

without option freshwater supply 69000
with option, freshwater supply 12000
with option, recycled water supply 57000
------------------------------------------- LCOStS--- == =m=mmmmmmmm oo
Annual
Equivalen

-------- investment-----@10% dis.
JD/dunum JD'000 JD'000

Pipeline investment 87200
Adjustment to pipeline@ - 23% -20056
Filters, controls 38
Drip lines for vegetables 67

Sum 105
Adjustment @ + 50% 53
Tree clearance field leveling, contouring 50

Total onfarm for 69,000 dunums 208 11828

Total investment 78972 8079 I

Pipeline O&M @ 1.5% of pipeline investment 1308]
Total system costs(government and privatg 9387
Annual net revenues on57,000 dunums 154 8778
Net present value -609

Breakeven point requires only &% increase in net revenuesi.e. to JD 165/dunum.
Given the wide range in net values from crofo-crop and Stage Officeto-Stage
Office, such a small increase is quite possible

* Conversion factor@ 10%, 40 yrs =0.1023

Middle Directorate

Characteristics: As is commonly known water shortages, especidly south of the Northern
Directorate haverestricted production. The current year isaprime example. Were additional recycled
water made available to Middle Directorate farmers, ARD staff believe cropping
intengtieswould increase; and, given existing ddivery capacity from KAC, no Government investment
would berequired. After reviewing dataon the area, ARD staff concluded that the Directorate could
beneficidly use another 6.0 MCM per year.

Economics of Water Reuse in the Amman-Zargqa Basin & Jordan Valey 13



Investment & Codgts: No additiond investment; only minor increasesin operating codts, if any.

Results: The following andysis supports the opportunity to use 6.0 MCM of recycled water
annudly and suggedts that gpplying it to vegetable production is a suitable option. Our reasoning
follows

C Vegetables in this Directorate take up more irrigated area than any other crop and show
diveraty of optionsaswell. One can use datafrom App.Tables 1 to 3 show that theirrigated
area devoted to vegetables in the Middle Directorate is greater than in the other two
directorates. 41 percent, compared with 13 percent in Northern and an average of 21 percent
in Karameh (SO6 and SO10). App. Tables 11 to 16 also reved the greater diversity of
cropping in the Middle Directorate.™

C By bringing the lowest of the three seasond plantings up to the average of the other two
seasona plantings (using data from App. Table 2), 6,300 additional dunums of irrigated area
could be planted in vegetables each year, which a 1,000 CM per dunum, is essentialy the
figure proposed in the ARD report.

C Thefarmers perspectiveisrelevant inthiscase (i.e., no Government investment), which means
that net seasona revenues would be JD122 per dumun, giving atota annua net revenue of
JD2.2 million--less any minor investments the farmers must make.*?

Thus, this option qualifies asastrong contender for additional recycled water when it becomes
avalableinthe Vdley.

Karameh Directorate (JV#1)

Characterigtics By being at thetall end of the KAC system, Karameh farmersin SO6 and SO9
frequently do not receive the water they need, especidly during the second haf of the calendar year.
They certainly do not have as much water as those further up the system. Or, when they do receive
ample supplies of water, it would be during the rainy season when water is abundant. The result is
generaly lower yidds and cropping intensities than for the other two directorates'®--an effect that

" The SO=sin the Middle Directorate average nearly five out of the seven vegetables listed
in the Forward report, compared with 3.5 crops for the Northern Directorate and less than two for
the Karameh Directorate.

12 \We obtained this vaue by taking the single season value for vegetables of JD122/d.
(App.Table 14) and multiplying it times 3 seasons/yr times 6,000 d., to give JD2,196,000/yr.

13 Data from AppTable 7, show that yields of vegetablesin SO6 are 80% of those in SO1
and SO2; the result for wheat is 41% and for citrus 31%; yieds for bananas are the same. Lower
yields are expected for citrus (Grattan, 2000) because of sdlinity, and low yields for other crops are
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explans the low net revenues for Karameh farmers. To help overcome this water shortage, farmers
frequently pump from shalow ground wells, which produce sdine water, and compete for drainage
water. Concern over the dangers of coliform pollution and the clogging of drip lines goparently is
outweighed by their desirefor more, lesssdinewater.  Thus, reports about farmersin thesetwo SO-s
welcoming more recycled water comesat no surprise. Farmersin SO10 currently receive fresh water
from Kufrein dam, Wadi Hisban, and shalow wells. Responding to thissituation, the Karameh optionis
to congtruct a5.5 km pipeineto ddiver water to SO10 farmers and to al ocate sufficient recycled water
via KAC to meet the annud irrigation requirements of farmers in these three SOs. Theresultis an
additiond 34,000 dunums of new irrigation and an increase in cropping intensity on another 5,600
dunums. In keeping with generad practicesin the area, we estimate farm size to be 36 dunums, which
means 1100 farmers would benefit from this option. In estimating benefits for the option, we assume
annua net revenues per dunum to equa those obtained in the Middle Directorate, once Karameh
farmers receive an adequate dlocation of water.

Investment & Operating Cods The estimated design and congtruction cost of the 5.5 km
pipeineisJD1.5 million, itsannua O&M cost at 5.0 percent of investment cost would be JD108,000,
and annua pumping costs are estimated at JD50,000. Land owners on the 34,000 dunums of new
areas are assumed to invest JD2.7 million for thefull range of needslisted for HL#2a (Shaner, 2000).
Weassumefarmerswho increasetheir cropping intensity would not havetoinvest in additiond facilities,
and that increased net revenues per dunum would be the samefor intengfication asfor new lands. (In
this case, we assume that intensfication comes about by bringing into production land that has been
falowed for want of water.)

Reaults: The andyss from the nationa perspective reveds that this option would produce an
annud surplus of JD3.1 million, making the Government:sinvestment highly attractive (see Table 6).
This might be expected from the large amount of new land brought into production from a relatively
amd| Government investment and the assumed on-farm investment. To evduatethe optiorrsimpact on
the participates, we have assumed 1) aland owner makes the investment, 2) the land owner prepares
theland for cropping each year, 3) the share cropper paysfor dl inputs, including awater charge of 15
fils per dunum, and 4) the two split the net revenues evenly™  Under these assumptionsand the resuilts
from Table 6, we find the share cropper would make JD4,500 per year, which modestly exceeds the
average rurd family income for Jordan; and the land owner would make a 15 percent return on his
investment. See Table 7. These results are probably in the range of being acceptable to both

participants.

likely due to water shortages.

1 Thisis roughly the arrangement described by an Egyptian share cropper whom we met in
Wadi Dhuleil last November.
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Table 6. Profitability of Karameh (JV#1), National perspective.

Cropped areadunums
Increased cropping inten: 5600
New irrigated area 34000
Total 39600
Recycled water usagdMCM/yr
Increased cropping inten: 4.6
New irrigated area 35.0
Total 39.6
Farm size dunums 36
Number of farms 1100
------------------------------------------- 0 S e e ettt
Annual
Equivalen
--------- vestment---@10% dis.
Iltem JD/dunum__ JD'000 _ JD'000|
Pipeline investment 2160
Adjustment to pipelin@ - 30% -648
Net pipeline 1512 155] *
On-farm investment 513
Adjustment fo ofiarm @ + 50% 257
Total offarm(new irrigated area 770 26163 26761 *
Pipeline @M @ 5% of pipeline investment 108
Pumping 50
Total costs 2989
Net revenuedsame for inten® new area$ 154 6098
Net present worth 3109

* Conversion facto@® 10%, 50yrs = 0.1023

Wadi Zarga

This option, involving the Wadi Zarga area, assumes the areas farmers might preempt an
additiond 3.3 MCM of recycled water that flows past their [and. Thisacquisition would dlow themto
expand irrigation there from 17,000 dunums now irrigated to approximately 20,000 dunums--most
likely for irrigating olive and other fruit treesand growing vegetables. They arelikdy to divert thiswater
from the passing stream through diversion channel supstream or low-lift pumps, asthey haveinthe pag.
ARD basesthis 3.3 MCM estimate on evidence of past irrigated areas beyond those presently imgated
and on the anticipated response of Wadi Zargafarmersto market demand should that be forthcoming.
Thus, this option assumes no Government investment; insteed, any development costs would be borne
by the farmers themsdves,
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Table 7. Profitability of Karameh (JV#1), Perspective of a sharecropper & alandowner.

Cropped areadunums
Increased cropping intensi 4600
New irrigated area 35000
Total 39600
Recycled water usageMCM/yr
Increased cropping intensi 4.6
New irrigated area 35.0
Total 39.6
Farm size dunums 36
Number of farms 1100
Annual
Amounts
ltem 1D/dunum 1D
Net revenues from crop production 265 9540
Less water charges 15 540
Net returns from cropping 9000
50-50 of net returns with lanebwner 4500
Net returns to share cropper 4500
Average income for a rural family of six to seven membetrs 4044
Profitability for the land owner 36dunum _ Total
Land ownels share 4500
Less land preparation 2 72
Net annual returnsyears2 - 40 4428
Investmer year"Q" 385 13.86)
vearl 385 13.86
Internal rate of return % 14.8

* Dept of Statistics Household Survey 0fL997.

Thefarmers practiceof growing vegetables, largely for consumption inthe neighboring Amman
area, has caused the Government some concern.  That concern relates to farmers violation of
Government regulation that prohibits use of recycled water for growing vegetables and limitsitsuseon
fruit trees when water could come directly into contact with the fruit. Thisviolation, in turn, endangers
public hedth as well as damages Jordarrs ability to sdl some of its agricultura products on the
international market. Rather than proposing diricter enforcement of standards, which have not been
particularly successful in the pagt, this option recognizes the farmers interest and ability in using the
recycled water that is so easy for them to access. That is, this report recognizes the redlity of Wedi
Zargause of recycled water and alowsfor thisusewhen dlocating future supply among the dternative
options.
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Groundwater Rechargein the Jordan Valley

During the winter monthsthe Y armouk River and KTR provide morewater than farmersinthe
Jordan Vadley Directorates can use productively. Farmers do apply some of it to leach accumulated
sdts from the soils, which is a productive use; but the rest passes through the KAC system without
being used. With the right geological conditions this surplus water has the
potentia for being fed into the aquifer and pumped back up when water isin short supply--especidly
during the latter haf of the cropping year and especidly in the Karameh Directorate,

Thereport, Optionsfor Artificid Groundwater Recharge (MWI/ARD, April 2001) looked into
possibilities for recharging the aquifer, but did not make specific recommendations or settle on a
particular design. Instead, the study:sauthor concluded that groundwater recharging had potentia and
deserved further study. Later, ARD engineers conceptudized a design involving a series of ditches
running parale with, and above, the KAC, assuming suitable granular outcrops can be found there.
Congtruction could be low-cog, involving heavy earth-moving equipment; and operations might mean
only low-lift pumping from KAC into the recharging ditches. For this design to work, water from the
recharging ditches would need to flow subterraneoudy into the adjacent fidds. Farmers could then
pump water, asthey now do, from thisrecharged aquifer. Theliftisnot large, perhaps 20 to 30 meters.

However, the practicality of such a scheme remains to be seen. Limestone fractures, sink holes, or
other factorscould divert the recharged water away fromitsintended location. Toganingghtintothese
possihilities, the Executive Summary of the cited report suggestsapilot program once follow-up sudies
are completed.

We concur with this suggestion, given the potentia benefits that could be obtained. For
ingtance, 1) reservoir quaity could improve, given the lower sdinity of KAC water, a 1,200 gmlt,
compared with 3000 gnvIit or higher of thewater currently inthe aguifer, 2) the recharged water would
help maintainthe aguifer leve intheface of any increased pumping over time, 3) asecond water source
improves the certainty of water supply, which could lead farmersto increase cropping intensity and to
grow higher-valued crops, and 4) as mentioned, the scheme ought to be alow- cost investment fromthe
Government:s perspective, partly from the nature of the proposa and partly becausefarmerswill likely
be the ones investing in the wells and operating their own pumps.

Socidly, the scheme could have adrawback in that thelarger farmers (oneswho could afford to
drill wells and invest in pumps) would be the onesto benefit. But then, the Government might provide
low-cogt loans to the smdler farmers, help them organize themsdves for investment in a well to be
shared among the participants, or even develop apublic pumping scheme. Experience of farmers, large
and small, in Egypt and Pakistan show that they highly value using their own pumps to access water
from the relatively shalow aquifers below the aress they cultivate. However, the experience with
publicly-owned and operated pumping schemes in these two countries has often been discouraging.
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Scenarios

This section begins by listing the results of the options described above, then suggests concepts for
combining them into dternative scenarios for the Government:=s condderation. Results arein terms of
the amount of freshwater that might be saved, the imputed cost of freshwater, and the potentia use of
recycled water. Nextisalook at the relationship between freshwater demand (i.e., for municipa use)
and recycled discharges from As Samra, 0 asto put the options: resultsinto perspective. Following
this are principles for combining the options into

scenarios, with acomment about actudly making the choices.

Table 8, showstheresultsof thisreportsandyssof options. Theindudtrid area(HL#1) would
provide freshwater a the lowest cost and put recycled water to its highest-vaued use. Nextinline, in
terms of freshwater unit cogts, isthe Northern option (JV#3), which provides more freshwater than the
other two options combined.” The greater Wadi Dhuleil option (HL#34) is dtractive on a unit cost
bas's, when compared with Dis. The Karameh option (JV#1) providesan ample source of demand for
recycled water, whichit could use profitably; and the Middle option (JV#2) generates somewhat lower
annud net revenues, but without requiring Government investmen.

Table 8. Option Results

Fresh water Recycled |
saved | Unit costVtr demar|Profitability
Option MCMANr | filsCM *| MCMvr | JD'00Qr
Industrial AredHL#1) 13.0 386 13.0
Northern Dir(JV#3) 57.0 426 57.0 - 609
Greater Wadi DhulgiHL#3a) 9.5 606 9.5
Karameh Dir(JV#1) 39.6 3.109
Middle Dir (JV#2) 6.0 2,200
Wadi ZargdWZ#1) 3.3 * *
Hashemite Univ 15 * *
Totals 795 1299

* Note: the cost of some buguts approaches zero from the national perspegcéind the cost

of water from Disiaccording to the World Bank rep@r®97), is 708fils/CM.

* * Profitability not estimated as part of this repnice the Government has limited control ove
recycled water use in the Wadi Zarga and has made a prior commitment to the Hashemite U

Asshould be obviousfrom the preceding paragraph, these options present the Government with
arange of factorsto consider when deciding on which of them to accept and in what order. Table 9,
which rdatesfreshwater (i.e., municipa) demand with As Samradischarges, can provide some guidance
on the order of these options. The key components of Table 9 are 1) Jordarrs annud growth in
population, estimated at 3.0 percent during theinitia years, then dowing dightly, 2) thefixed percentage

!> Note: the Wadi Dhuleil option (HL#3) and the Greater Wadi Dhuleil option (HL#33) are
mutualy exclusive in thet the latter contains the irrigated area of HL#3.
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of the population resding in the Amman Zargawatershed, an assumption that probably undersatesthe
potentia growth, 3) the accelerated increasein per capitawater demand until 2010, as municipa water
supply catches up with latent demand, and 4) the constant loss rate between water demand and
recycled discharges. Theseincreasesin water demand and As Samradischarges set the parametersfor
choosing the options that would make up the scenarios.

Table 9. Freshwater Demand in the Amman-Zarga Watershed and Recycled Discharges from As

Samra
Total Percent |Populatior] Water Water Water |[Loss Rate |As Samra |
PopulatiorPmman-Zapmman-Za] Demand | Demand | Demand | Fresh to [Discharges
Year Jordan |Watershed|watershed| I/cap/day ] MCM/yr |Gwth Rate] Reclaimd MCM

1999 4900000 0.4] 1951000 98 70 0.8 56
2000] 5047000 0.4] 2017334 100 74 0.8 59.1
2001| 5198410 0.4] 2085923 105 80 0.8 63.8
2002| 5354362 0.4] 2156845 111 87 0.8 69.6
2003| 5514993 0.4] 2230177 116 94 0.8 75.4]
2004| 5680443 0.41] 2306004 123 104 0.8 83.2
2005| 5850856 0.41] 2384408 129 112 6.5 0.8 90
2006| 6026382 0.41] 2458324 129 116 0.8 92.9
2007] 6207173 0.41] 2534532 129 119 0.8 95.3
2008| 6393389 0.41] 2613103 129 123 0.8 98.2
2009| 6585190 0.41] 2694109 129 127 0.8 101.5
2010| 6782746 0.41] 2777626 129 131 6.34 0.8 104.7
2011| 6978428 0.41] 2858178 129 135 0.8 107.7
2012| 7179756 0.41] 2941065 129 138 0.8 110.8
2013| 7386892 0.41] 3026356 129 142 0.8 114
2014| 7600004 0.41] 3114120 129 147 0.8 117.3
2015| 7819264 0.41] 3204429 129 151 2.89 0.8 120.7
2016| 8030384 0.41] 3297358 129 155 0.8 124
2017| 8247204 0.41] 3392981 129 160 0.8 127.3
2018| 8469879 0.41] 3491378 129 164 0.8 130.7
2019| 8698565 0.41] 3592628 129 169 0.79 134.3
2020| 8933427 0.41] 3696814 129 174 2.7 0.79 137.9
2021 9175255 0.41] 3796628 129 179 0.79 141.6
2022| 9423629 0.41] 3899137 129 184 0.79 145.5
2023| 9678726 0.41] 4004413 129 189 0.79 149.4
2024| 9940729 0.41] 4112533 129 194 0.79 153.4]
2025/10209825 0.41] 4223571 129 199 2.71 0.79 157.6

Comments:

Population of Jordan assumed to grow at 3.0 percent until2010 and then to slow
to the level shown for the growth in water demand

The assumed rapid increase in per capita water demand over the next ten years results from
pent-up demand and assumed increases in supply.

Losses between municipal water supply and recycled water discharges are assumed
constant for want of better information.

Sources: Statistical Abstracts for 1999 population estimate JICA for estimates of

per capita water consumption, and MWI/ARD for estimates of the loss rate and the

resulting discharges at As Samra . For the latter, see the Draft Interim Report , April2001 (note:
values shown above for 2000 and 2005 differ somewhat from those shown in the Draft Interim
Report, but not for the other benchmark years).

Consider now the large sze of the Northern option. Assuming this option would first begin
pumping fresh water to the Za plant in 2004, when the demand is shown to be 104 MCM, the
additional 57 MCM would not be needed inits entirety until after 2017.'°  But unlikemost investments,

1 That is, 57 MCM added to the 104 MCM projected for 2004 equals 161 MCM which
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which mugt wait for demand to materidize before they become profitable, the full amount of these
deliveries from JV#3 could, conceptudly at least, be gpplied immediately to satisfy Amman demand.
Theresult would lead to acutback in Highland pumping, thereby helping to preservethe Amman Zarga
aquifer. However, this possibility is over-ridden by the lack of recycled water needed to replace the
freshwater diverted from agriculture. Thus, availability of recycled water becomes the controlling

parameter. Under this restriction, diverting Northerres freshwater to Zai could not begin until 2015.%

Four factorsinfluencing the sequence in which the options might be selected are 1) the amount
of freshwater to free up (and by inference the Sze of the investment), 2) the cost per unit of freshwater
saved, 3) the size of the net annud benefits from using recycled water, and 4) asjust implied, the value
to be place on agquifer conservation. Normally, the Alumpierf) an investment, the longer it will take to
reechitsfull potentid; and thelonger the delay, thelower will bethe annudized net benefits. But, asjust
noted, when freeing up fresh water, which can remain in the ground until needed, this disadvantage
seemsto disgppear. When considering the NPW (or annualized net revenues) of future benefitsand
cogs, asmplifying guide is to Atake your benefits as soon as possible and pay the codts as late as
possible, all else being the same Such guidance would favor, asinitid investments, the lowest unit
cost of freeing up freshwater: namely, the Industrid option (HL#1); and the Karameh option (JV#1) for
use of recycled water.

Actudly sdecting the options according to the foregoing principles, aswell as other guiddines
the key participants and ARD may wish to add, is best |€ft to the interested parties.

gpproximates the demand in 2017.

7 Taking 2001 as the controlling year, with 63.8 MCM of annual discharge, and an annual
replacement need of 57 MCM, atota recycled water supply of 120.8 MCM is not reached until
2015. For V#3 to become operationd, i.e., without cutting back on irrigation in the Northern
Directorate, dl additiona recycled water would have to be dlocated to V#3.
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Conclusons

Itisnot difficult to conclude that Jordan faces a serious problem in meeting the municipa water
requirements of an expanding economy and a growing population. Consequently, this consultancy
focused on eva uating those options whereby recycled water might redigticaly free up freshwater for
municipa use.® Of thefour optionseva uated, only the Northern option (JV#3) provided the possibility
of freeing up alarge block of fresh water (i.e., 57 MCM annudly). The next option in terms of
freshwater supply was the Industrid area (HL#1), with the possbility of provided the possibility of
freeing up alarge block of fresh water (i.e., 57 MCM annudly). The next optionintermsof freshwater
supply was the Industrid area (HL#1), with the possibility of making 13.0 MCM available annudly.
TheWadi Dhulell option (HL#3a) woud make an estimated 9.5 MCM of freshwater avalableannualy.

Implementing the Northern option means pumping water from the Jordan Vdley to the Zai plant near
Amman and condructing a gravity line to bring recycled water to Northern Directorate farmers.
Implementing the Industrid option means treeting recycled water to meet indudtrid standards. And
implementing the Dhuleil option would require tregting the freshwater to meet municipa standards.
These cogts are combined with other option costs to yield a cost of municipa water delivered to the
Amman areaof aqudity suitablefor municipal useof 386 filSCM for the Industria option, 426 filCM
for the Northern option, and 490 filYCM for the Dhuleil option--al considerably less than the Dis
optionat 708 fils'CM. Besdesproviding thelowest cost source of freshweter, theIndustrid option aso
puts the recycled water it usesto the highest economic use by providing cooling water for the refinery,
the exigting power plant, and the planned power plant. Smply stated, water used for industrid purposes
contributes far more than if it were used in agriculture.

Our analysesreved ed that substantia quantities of recycled water can be put to profitableusein
the Jordan Vdley. Of the three areas, the Karameh option (JV#1) provides farmerswith the greatest
net revenuegain, at JD3.1 million per year. The profitability there resultsfrom the construction of a5.5
km pipelineto SO10 and acombined increase in area cropped and intensified on 39,600 dunums. The
Middle Directorate a0 benefits by increasing the net revenues of farmerswho irrigate 6,000 dunums of
land, entirdly through crop intengfication, by JD2.2 million annualy. The advantage of the Middle
Directorate isthat it requires no additiona investment by the Government. The Northern Directorate
option (IV#3) actudly loses JD0O.6 million annualy. But this estimated loss requires only a seven
percent increase in net revenues per dunum to break even; and considering the freshwater benefits
resulting from this option, aswdll asthe disruption to the farming community thereif recycled water were
not provided, the recycled portion of this option dso qudifies, in our opinion, for investment. In this
case the Government:=s obligation to exigting farming activity overridesardatively smdl lossin termsof
netiona income.

18 The Draft Interim Report (MWI/ARD, April 2001) judged that the Highlands Irrigation
Digtribution Network option (HL#4) had the potentid of providing 20 MCM of freshwater annualy,
but considered that the value of production there using freshwater was too important to lose and the
difficulties of implementation were too greet to overcome. S0, this consultancy did not look into the
economics of this option.
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Totd annud demand for recycled water to be 129.9 MCM for the seven optionslisted in Table
8. Adding thistota, which represents profitable use of this resource, to the current rel eases of 63.8
MCM from As Samra, which are dso being put to profitable use, bringsthetota to 193.7 MCM. This
figurefar exceedsthe anticipated releases by the year 2025 of 157.6 MCM, which meansthat recyded
water will be a scarce and value resource well into this century.

We based the foregoing andyss of the profitability of thethree Jordan Vdley directoratesona
build-up of net revenues per dunum for each of the Stage Offices. To do thiswe began with cropping
areas, as developed by ARD saff. Then we rdied upon Volumes Il and V of the Forward report
(June 2000) for yidds, unit prices, and operating costs. We did thisfrom both anationa and farmers
perspective: theformer to learn if an investment wasin the nationd interest economicaly and thelatter to
learnif farmerswould find it profitable to participate in the schemes. Our findings showed, aswould be
expected, the greatest net revenues per dunum in the north and the least net revenues per dunum in the
south. Theonly difference between the two perspectives was the removal of most of the labor coststo
obtainthefarmers perspective. Theresult givesessentidly returnsto family labor and management.

To sum up, recycled water can play an important role in freeing up freshwater for municipa use. The
anticipated quantities so obtained, together with the Dis project, should cover Jordarrs needs well

beyond 2025. Recycled water dso playsanimportant rolefor irrigation in the Jordan Vdley by making
it possible to intengfy existing areas of production and expand production in other areas. Production
there is profitable, provides employment, meets part of the country:s food requirements, and earns
foreign exchange by the export of its products. Findly, pumping recycled water uphill so asto expand
agriculture into new areasis not an economic use of the country:s resources.
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Appendix: Calculation of Net Revenuefor Irrigated Agriculturein the Jordan Valley

This gppendix contains 16 tables that cover revenues and production costs associated with
irrigated crop production inthe three Jordan VValley directorates. Asmentioned inthetext, our purpose
in developing these tables was to have historicd estimates of net revenues according to Stage Office.
With suchinformation onirrigation, productivity inthe Northern, Middle, and Karameh Directorates can
be compared and the results used in our evauation of the optionsfor using recycled water. Weusethe
full costsof crop production intheanaysis of options becausewewishto know if aninvesmentisinthe
nationd interest; amilarly we use reduced costs of crop production to gain ingght into possible farmer
interest.

Thisanayssrelied entirely on secondary sources, i.e., published and unpublished reports, based
on previousfied vigts, and on Government records. Undoubtedly, conditions have changed from what
they were severd years ago when the primary datawere collection. Nevertheless, webelievethedata,
which gppear accurate and complete, to be the best avallable. Aswill be noted at the bottom of the
tables, data sources are ARD for irrigated and cropped areas, Forward report, Vol. 11, Annex C for
cropping areas and yieds, and Forward report, Val. V for farm-gate prices and production costs.

The report on cropped and irrigated aress listed vegetables as a Sngle category, which was
inedequate for our purposes given the widdly differing net revenues associated with different crops™®
And the report on vegetable areas and yields was not comprehensve concerning cropped aress, for
ingance, only tomatoes are shown as being grown in Stage Office Nine and only eggplant as being
grown in Stage Office Ten. Consequently, we combined information from the two sources. Another
problem was the ligting of fruit trees (separately from citrus) and nurseries. Because we lacked
information about these two crops, we omitted them and expanded the areas of the other crops
proportionaly. Becauseof therdatively smdl areasinvolved, this procedure should not biasthe results.
Whilewe believe our resultsto be representative of the value of crop productioninthe Vdley, follow-
up studieswould be worthwhile. For instance, they could help in knowing if vegetable crop lossesare
widespread and extreme in some cases, as well as what action farmers take in response.

19 For instance, the records show eggplant and squash as large losses, cucumbers as alarge
winner, and tomatoes as about average.

Economics of Water Reuse in the Amman-Zargqa Basin & Jordan Valey 26



The order of the following tables accords with the way we arrived a our estimates of net

revenues for each directorate.

[ep 2N or BN e BN ob BN o> B o> BN ob I o> Bl o> BN o I @p )

Table 1. Irrigated and Cropped Areas by Stage Office, Northern Directorate.

Table 2: Irrigated and Cropped Areas by Stage Office, Middle Directorate.

Table 3: Irrigated and Cropped Areas by Stage Office, Karameh Directorate.

Table 4. Gross Revenuesfor Vegetables by Stage Office.

Table 5 (two pgs). Crop Production Cogts (by Stage Office), nationa perspective.

Table 6 (two pgs). Crop Production Costs (by Stage Office), farmers: perspective.

Table 7: Crop Rankings by Stage Office, national perspective.

Table 8: Crop Rankings by Stage Office, farmers perspective.

Table 9: Overal Crop Rankings, national perspective.

Table 10: Overdl Crop Rankings, farmers perspective.

Table 11: Higtoricd Net Revenues from Cropping in the Northern Directorate, nationd
perspective.

Table 12: Higtorica Net Revenues from Cropping in the Northern Directorate, faarmers
perspective.

Table 13: Hidoricd Net Revenues from Cropping in the Middle Directorate, nationa
perspective.

Table 14: Higtoricd Net Revenues from Cropping in the Middle Directorate, famers
perspective.

Table 15: Higtoricd Net Revenues from Cropping in the Karameh Directorate, nationd
perspective.

Table 16: Higtorica Net Revenues from Cropping in the Karameh Directorate, farmers

perspectve.
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Appendix Table 1. Irrigated and Cropped Areas (dunums)by Stage Office
Northern Directorate

Stage No. Patterns |VegetablegCereald Citrus |BananagFruit treeyNursery| Totals
Cropped ared
Stagel (Sprind 439 303 10939 605 15 0
Stage1 |Cropped area 297 94 11063 607 155 0
(Summet
Stage1 | Croppedarea 251 101 11063 607 155 0
Autumn
Stagel |Cropped area 983 404 11022 606 154 0 13,169
Stagel llrrigated are& 435 303 11063 607 155 0 12563
Cropping intensi 1.05
Stage2 | Cropped area 44 20 13270 256 god 16
(Sprind
Stage2 | Cropped area 44 20 13270 256 893 16
(Summej
Stagez | Croppedarea 66 20 13261 = 243 god 16
Autumn
Stage2 [Cropped area 154 40 13,267 252 893 16 14,622
Stage2 |lrrigated ared 66 20 13270 256 893 16 14,521
Cropping intensity 1.01
Stagez | Croppedarea 8389 1909 4121 360 366 0
(Springd
Cropped ared
Stage3 (Summe} 734 225 4,393 360 370 0
Stagez | Cropped area 7400 229 4393 360 370 0
Autumn
Stage3 |Cropped area 16517 2,128 4,302 360 369 0 23,676
Stage3 |lIrrigated ared 8,383 1,903 4,393 360 370 0 15,409
Cropping intensity 1.54
Stage7 | Croppedarea 5204 2361 15844 1,009 1569 487
(Springd
Stage7 Cropped area 5,067 229 16,718 1,122 1,585 480
(Summel
Stage7 | Cropped area 1 ol 16730 1,124 1389 480
Autumn
Stage7 |Cropped area 10362 2.361 16431 1.112 1513 484 32262
Stage7 |lrrigated ared 5294 2.361 16,718 1.122 1,585 480 27,560
Stage7 Cropping intensity 1.17
Totals VegetablegCereald Citrus |BananagFruit treedNursery] Totals
Modified crfed ared* 9339 2.467 45022 2.330 0 0 59.157
Adjusted crled areg** 10.89 2.877 52513 2718 69.000
Rounded values 10900 2.900 52500 2.700 69.000
* Taken as the largest of the seasonal areas
** Taken as one -third for vegetables and one -half for cereals so as to simplify their use elsewhere ; we
omitted fruit trees and nurseries because our source material provided insufficient information about them
*** Revised upward to match estimated irrigation in the Directorate
Source ADR Memo ofLl51/01 on Visit to the Jordan Vallgyable2.
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Appendix Table2. Irrigated and Cropped Areasdunums)by Stage Office

Middle Directorate

Stage No .|  Patterns Vegetables| Cereals Citrus | Bananas fruit trees | Nursery| Totals
Cropped area
Stage 4 (Spring) 2,461 516 1,047 0 704 105 4,833
Stage 4 | Cropped area 5100 1,002| 1,047 0 626 86| 7,861
(Summer)
Stage 4 | Cropped area 8,600 750 1,054 0 621 86| 11,111
Autumn
Stage 4 |Cropped area 16,161 1,266 1,049 0 650 92| 19,219
Stage 4 __|lrrigated area * 8,600 1,002 1,054 0 704 105| 11,465
Cropping intensity 1.68
Stage 5 | Cropped area 1,072 442| 1911 115 1,088 371 4,665
(Spring)
Stage 5 | Cropped area 8,932 214| 1,936 115 1,083 6| 12,286
(Summen)
Stage 5 | Cropped area 6,318 96| 1,936 115 1,121 58| 9,644
Autumn
Stage 5 |Cropped area 16,322 538 1,928 115 1,097 34| 20,034
Stage 5 [lrrigated area * 8,932 442 1,936 115 1121 58| 12,604
Cropping intensity| 1.59
Stage g | Croppedarea 10,241 1337 5398 48 957 271| 18,252
(Spring)
Stage g | Cropped area 1,177 340| 5,424 48 987 289 8,265
(Summer)
Stage g | Cropped area 8,029 8| 5,355 48 957 289| 14,686
Autumn
Stage 8 |Cropped area 19,447 1,345 5,392 48 967 283 27,482
Stage 8 |lrrigated area * 10,241 1,337 5,424 48 957 271 18,278
Cropping intensity| 1.50
Totals Vegetables| Cereals Citrus | Bananas fruit trees | Nursery| Totals
Modified crp'ed area** 17,310 1,575 8,369 163 0 0 27,417
Adjusted crp'ed area*** 27,149 2,469 13,126 256 43,000
Rounded values 27,150 2,500] 13,100 250 43,000
* Taken as the largest of the seasonal areas .
** Taken as one -third for vegetables and one -half for cereals so as to simplify their use elsewhere ; we

omitted fruit trees and nurseries because our source material provided insufficient information about them

*** Revised upward to match estimated irrigation in the Directorate

Source: ADR Memo of 15/1/01 on Visit to the Jordan Valley , Table 2.
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Appendix Table3. Irrigated and Cropped Areagdunums)by Stage Office

Karameh Directorate

Stage No. Patterns Vegetables| Cereals | Citrus | Bananas [Fruit trees] Nursery | Totals
Stages | Croppedarea 5,323 459 1,554 471 3,197 26| 10,606
(Spring)
Stage | Cropped area 4,018 419 1534 471 3,216 86| 9,320
(Summen
Stages | Croppedarea 598 2| 1428 72| 3,308 26| 5434
Autumn
Stage 6 __ICropped area 9,939 461 1,505 55 3,240 46 15,247
Stage 6__llrrigated area * 5,323 459 1554 72 3,308 86 10,802
Cropping intensity 1.41
Stage 9" |Cropped area 13,294 506 30 3,400 315 0] 17,545
Stage 9 llrrigated area * 10.516 400 30 3,400 315 0 14661
Cropping intensity 1.2
Stage 10 | Cropped area 279 0 847 4,449 375 ol 5,950
(Spring)
Stage 10 | CToPPed area 279 0 847l 4440 375 o| 5941
(Summen
Stage 10 | Cropped area 279 0 847 4,449 375 ol 5,950
Autumn
Stage 10 |Cropped area 837 0 847 4,446 375 0 6,505
Stage 10 |lrrigated area * 279 0 847 4,449 375 0 5,950
Stage 10 Cropping intensity] 1.09
Totals Vegetables| Cereals | Citrus | Bananas |[Fruit trees] Nursery | Totals
Modified crp'ed area** 8,023 484 2,382 7,901 0 0 18,791
Adjusted crp'ed area*** 14,518 875 4311 14,297 34,000
Rounded values 14,500 900 4,300 14,300 34,000

*(data for spring , summer , and automn were not available from the source .)
* Taken as the largest of the seasonal areas .

** Taken as one -third for vegetables and one -half for cereals so as to simplify their use elsewhere ; we
omitted fruit trees and nurseries because our source material provided insufficient information about them

** Revised upward to match estimated irrigation in the Directorate .

Source: ADR Memo of 15/1/01 on Visit to the Jordan Valley, Table 2.
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Appendix Tabled4. Gross Revenues for Vegetables by Stage Office

Stage Office 1 Tomatoes |Potatoes [Faba bean |[Jew's Mal|[Cucumber | Squash|Eggplant | Totals
Yields, kg/dunum 4,900 1,500 3,172

Value, fils/kg 50 97 46

Gross rev, JD/dunum 245 146 146] 209
Area, dunums 73 19 22| 114
Gross rev, JD'000 18 3 3 24
| Stage Office 2 Tomatoes [Potatoes [Faba bean |Jew's Mal|Cucumber | Squash|Eggplant | Totals
Yields, kg/dunum 4,900 2,253 1,500 3,122

Value, fils/kg 50 137 97 46

Gross rev, JD/dunum 245 309 146 144] 240
Area, dunums 1,032 1,870 342 1,031] 4,275
Gross rev, JD'000 253 577 50 148| 1,028
Stage Office 3 Tomatoes |Potatoes [Faba bean |[Jew's Mal|[Cucumber | Squash|Eggplant | Totals
Yields, ka/dunum 4,059 2,240 10,500 3.076

Value, fils/kg 73 137 178 30

Gross rev, JD/dunum 296 307 1,869 92 578
Area. dunums 1541 1281 863 688 4373
Gross rev, JD'000 457 393 1613 63 2,526
| Stage Office 4 Tomatoes |Potatoes [Faba bean |Jew's Mal|[Cucumber| Squash|Eggplant | Totals
Yields, kg/dunum 3,977 592 1675 3,076

Value. fils/kg 73 313 79 30

Gross rev, JD/dunum 290 185 132 92 226
Area, dunums 2,700 511 1,314 215 4,740
Gross rev, JD'000 784 95 174 20 1072
Stage Office 5 Tomatoes |Potatoes [Faba bean [Jew's Mal|[Cucumber | Squash|Eggplant | Totals
Yields, kg/dunum 3,808 2,182 696 1,624 10,500] 3,076

Value, fils/kg 73 137 313 79 178 30

Gross rev, JD/dunum 278 299 218 128 1,869 92 385
Area, dunums 614 2,434 908 112 653] 1762 6,483
Gross rev, JD'000 171 728 198 14 1,220 163 2,494
| Stage Office 6 Tomatoes [Potatoes [Faba bean |Jew's Mal|Cucumber | Squash|Eggplant | Totals
Yields, kg/dunum 3,377 2,830

Value, fils/kg 73 46

Gross rev, JD/dunum 247 130, 188
Area, dunums 1,289 1,306] 2,595
Gross rev, JD'000 318 170] 488
| Stage Office 7 Tomatoes |Potatoes [Faba bean |[Jew's Mal|[Cucumber | Squash|Eggplant | Totals
Yields, ka/dunum 4,900 656 1,500

Value, fils/kg 50 79 97

Gross rev, JD/dunum 245 52 146 146
Area, dunums 1,090 1,147 314 2,551
Gross rev, JD'000 267 59 46 372
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Cont. Appendix Table4. Gross Revenues for Vegetables by Stage Office

Stage Office 8 Tomatoes |Potatoes [Faba bean |[Jew's Mal|[Cucumber | Squash|Eggplant | Totals
Yields, kg/dunum 3,977 1,979 10,290| 3,076

Value, fils/kg 73 137 178 30

Gross rev, JD/dunum 290 271 1,832 92 601
Area, dunums 1,547 1,095 768 201 3,611
Gross rev, JD'000 449 297 1,407 19 2,171
| Stage Office 9 Tomatoes [Potatoes [Faba bean |Jew's Mal|Cucumber | Squash|Eggplant | Totals
Yields, kg/dunum 4,900

Value, fils/kg 73

Gross rev, JD/dunum 358 358
Area, dunums 45 45
Gross rev, JD'000 16 16
| Stage Office 10 Tomatoes [Potatoes [Faba bean |Jew's Mal|Cucumber | Squash|Eggplant | Totals
Yields, kg/dunum 2,830

Value, fils/kg 46

Gross rev, JD/dunum 130] 130
Area, dunums 249] 249
Gross rev, JD'000 32 32

Source: Forward, Vol. I, Annex C for areas and yields and Vol V . for value (farm-gate prices).
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Appendix Table 5. Crop Production Costs, National Perspective (JD/dunum)

Stage Office 1 Tomatoes|Potatoes Faba bean|Jew's Mal|Cucumber| Squash|Egg Planf Citrus | Bananas] Wheat
Seeds 6.92 20.00 3.33 0.00 0.00 2.96
Seed transplant'g 8.00 0 10.00 0.00 0.00 0.00
Manure 16.00 17.00 16.00 15.00 37.50 0.00
Chem fertilizer 27.89 24.62 28.01 63.60 46.30 0.61
Pesticides 58.00 45.00 61.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 20.40 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.25 1.50 3.25 3.25 1.60
Labor, all other 22.50 32.00 45.00 31.00 55.00 1.05
harvest 27.50 28.00 30.00 10.00 10.00 0.00
Interest, wkg cap 14.96 14.25 16.19 29.85 29.97 3.76

Totals 204.05 202.52 231.43 185.70 182.02 11.48
Stage Office 2 Tomatoes|Potatoes Faba bean|Jew's MallCucumber] Squash|Egg Planf] Citrus | Bananas| Wheat
Seeds 6.92 [ 150.00 20.00 3.33 0.00 0.00 2.96
Seed transplant'q 8.00 0.00 0 10.00 0.00 0.00 0.00
Manure 16.00 24.00 17.00 16.00 15.00 37.50 0.00
Chem fertilizer 28.37 28.01 24.62 28.01 63.60 46.30 0.61
Pesticides 58.00 58.00 45.00 61.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 20.40 0 0.00
Fuel & lubri 1.88 1.25 1.25 1.50 3.25 3.25 1.60 |
Labor, all other 22.50 25.00 32.00 45.00 31.00 55.00 1.05
harvest 25.00 25.00 28.00 30.00 10.00 10.00 0.00
Interest, wkg cap 1451 21.01 14.25 16.11 29.85 29.97 3.76

Totals 201.58 | 332.27 202.52 | 231.35 185.70 [ 182.02 11.48
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Cont. Appendix Table 5. Crop Production Costs , National Perspective (JD/dunum)

Stage Office 3 Tomatoes |Potatoes|Faba bean |Jew's Mal|Cucumber | Squash |Egg Plant] Citrus | Bananas | Wheat
Seeds 6.92 | 150.00 234.00 | 20.00 0.00 0.00 2.96
Seed transplant 'g 8.00 0.00 9.00 0 0.00 0.00 0.00
Manure 16.00 24.00 48.00 ] 17.00 15.00 37.50 0.00
Chem fertilizer 27.89 28.01 123.98 | 24.62 63.60 46.30 0.61
Pesticides 58.00 58.00 430.00 | 45.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 | 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.25 1.88 1.25 3.25 3.25 1.60
Labor, all other 22.50 25.00 180.00 | 32.00 31.00 55.00 1.05
harvest 27.50 25.00 155.00 | 28.00 10.00 10.00 0.00
Interest, wkg cap 14.51 21.01 107.30 | 14.25 28.59 29.97 3.76

Totals 203.60 | 332.27 1309.56 | 202.52 184 .44 182.02 11.48
Stage Office 4 Tomatoes |Potatoes|Faba bean |Jew's Mal|Cucumber | Squash |Egg Plant] Citrus | Bananas | Wheat
Seeds 6.92 18.00 13.00 20.00 0.00 2.96
Seed transplant 'g 8.00 0.00 0 0 0.00 0
Manure 16.00 16.00 0.00 17.00 15.00 0
Chem fertilizer 28.37 24.17 6.12 24.62 63.60 0.61
Pesticides 58.00 20.00 0.00 45.00 33.00 0.75
Sacks 0.00 0.00 0.00 0 0.00 0.75
Mulch 20.40 20.40 0.00 20.40 0 0
Fuel & lubri 1.88 1.25 1.25 1.25 3.25 1.60
Labor, all other 22.50 22.50 5.20 32.00 31.00 1.05
harvest 25.00 22.50 7.60 28.00 10.00 0.00
Interest , wkg cap 14.96 15.34 5.90 14.25 28.59 3.76

Totals 202.03 160.16 39.07 202.52 184 .44 11.48
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Cont. Appendix Table 5. Crop Production Costs , National Perspective (JD/dunum)

Stage Office 5 Tomatoes|Potatoes|Faba bean |Jew's Mal|Cucumber | Squash |Egg Plant] Citrus | Bananas | Wheat
Seeds 6.92 | 150.00 18.00 13.00 234.00 | 20.00 0.00 0.00 2.96
Seed transplant 'g 8.00 0.00 0.00 0 9.00 0 0.00 0.00 0.00
Manure 16.00 24.00 16.00 0.00 48.00 [ 17.00 15.00 37.50 0.00
Chem fertilizer 28.37 28.01 24.17 6.12 123.98 | 24.62 63.60 46.30 0.61
Pesticides 58.00 58.00 20.00 0.00 430.00 | 45.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 0.00 20.40 | 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.25 1.25 1.25 1.88 1.25 3.25 3.25 1.60
Labor, all other 22.50 25.00 22.50 5.20 180.00 | 32.00 31.00 55.00 1.05
harvest 25.00 25.00 22.50 7.60 155.00 | 28.00 10.00 10.00 0.00
Interest, wkg cap 14.96 21.12 15.33 5.96 107.30 | 14.72 28.59 30.44 3.04
Totals 202.03 | 332.38 160.15 39.13 | 1309.56 | 202.99 184.44 182.49 10.76
Source: Forward, Vol. V.
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Cont. Appendix Table 5. Crop Production Costs , National Perspective (JD/dunum)

Stage Office 6 Tomatoes | Potatoes |[Jew's Mal |Cucumber| Squash |Egg Plant | Citrus Bananas Wheat
Seeds 6.92 3.33 0.00 0.00 2.96
Seed transplant 'g 8.00 10.00 0.00 0.00 0.00
Manure 16.00 16.00 15.00 37.50 0.00
Chem fertilizer 27.89 28.01 63.60 46.30 0.61
Pesticides 58.00 61.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.50 3.25 3.25 1.60
Labor, all other 22.50 45.00 31.00 55.00 1.05
harvest 27.50 30.00 10.00 10.00 0.00
Interest , wkg cap 14.60 16.11 27.84 30.44 2.64

Totals 203 .69 231.35 183 .69 182 .49 10.36
Stage Office 7 Tomatoes | Potatoes |[Jew's Mal |Cucumber| Squash |Egg Plant | Citrus Bananas Wheat
Seeds 6.92 13.00 20.00 0.00 0.00 2.96
Seed transplant 'g 8.00 0 0 0.00 0.00 0.00
Manure 16.00 0.00 17.00 15.00 37.50 0.00
Chem fertilizer 27.89 6.12 24.62 63.60 46.30 0.61
Pesticides 58.00 0.00 45.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.25 1.25 3.25 3.25 1.60
Labor , all other 22.50 5.20 32.00 31.00 55.00 1.05
harvest 27.50 7.60 28.00 10.00 10.00 0.00
Interest , wkg cap 14 .51 5.45 14.25 29.85 30.52 3.76

Totals 203 .60 38.62 202 .52 185.70 182 .57 11.48
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Cont. Appendix Table 5. Crop Production Costs , National Perspective (JD/dunum)

Stage Office 8 Tomatoes | Potatoes |Jew's Mal |Cucumber | Squash |Egg Plant Citrus Bananas Wheat
Seeds 6.92 150 .00 234 .00 20.00 0.00 2.96
Seed transplant 'g 8.00 0.00 9.00 0.00 0.00 0.00
Manure 16.00 24.00 48 .00 17.00 15.00 0.00
Chem fertilizer 28.37 28.01 123 .98 24.62 63.60 0.61
Pesticides 58.00 58.00 430.00 45.00 33.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 20.40 0.00 0.00
Fuel & lubri 1.88 1.25 1.88 1.25 3.25 1.60
Labor , all other 22.50 25.00 180 .00 32.00 31.00 1.05
harvest 25.00 25.00 155 .00 28.00 10.00 0.00
Interest , wkg cap 14.96 21.12 107 .30 14.72 28.59 3.04

Totals 202 .03 332 .38 1309 .56 202 .99 184 .44 10.76
Stage Office 9 Tomatoes | Potatoes |Jew's Mal |Cucumber | Squash |Egg Plant Citrus Bananas Wheat
Seeds 6.92 0.00 0.00 2.96
Seed transplant 'g 8.00 0.00 0.00 0.00
Manure 16.00 15.00 37.50 0.00
Chem fertilizer 27.89 63.60 46 .30 0.61
Pesticides 58.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.75
Mulch 20.40 0 0 0.00
Fuel & lubri 1.88 3.25 3.25 1.60
Labor , all other 22.50 31.00 55.00 1.05
harvest 27.50 10.00 10.00 0.00
Interest , wkg cap 14.60 30.60 28.08 2.64

Totals 203.69 186 .45 180 .13 10.36
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Cont. Appendix Table 5. Crop Production Costs , National Perspective (JD/dunum )

Stage Office 10 Tomatoes | Potatoes |Jew's Mal |Cucumber| Squash |Egg Plant Citrus Bananas Wheat
Seeds 3.33 0.00 0.00
Seed transplant 'g 10.00 0.00 0.00
Manure 16.00 15.00 37.50
Chem fertilizer 28.01 63.60 46.30
Pesticides 61.00 33.00 0.00
Sacks 0.00 0.00 0.00
Mulch 20.40 0.00 0.00
Fuel & lubri 1.50 3.25 3.25
Labor , all other 45.00 31.00 55.00
harvest 30.00 10.00 10.00
Interest , wkg cap 16.11 30.60 28.08
Totals 231.35 186 .45 180 .13

Source : Forward , Vol . V.
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Appendix Table

6. Crop Production Costs

, Farmers Perspective

*(JD/dunum ).

Stage Office 1 Tomatoes | Potatoes |[Faba bean[Jew 's Mal |Cucumber| Squash |Egg Plant Citrus Bananas Wheat
Seeds 6.92 20.00 3.33 0.00 0.00 2.96
Manure 16.00 17.00 16.00 15.00 37.50 0.00
Chem fertilizer 27.89 24.62 28.01 63.60 46.30 0.61
Pesticides 58.00 45.00 61.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 20.40 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.25 1.50 3.25 3.25 1.60
Hired harvesting labor 18.33 18.67 20.00 6.67 6.67 0.00
Interest , wkg cap 14.96 14.25 16.19 29.85 29.97 3.76

Totals 164.38 161.19 166.43 151.37 123.69 10.43
Stage Office 2 Tomatoes | Potatoes |Faba bean|Jew 's Mal |Cucumber | Squash |Egg Plant Citrus Bananas Wheat
Seeds 6.92 150.00 20.00 3.33 0.00 0.00 2.96
Manure 16.00 24.00 17.00 16.00 15.00 37.50 0.00
Chem fertilizer 28.37 28.01 24.62 28.01 63.60 46.30 0.61
Pesticides 58.00 58.00 45.00 61.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 20.40 0 0.00
Fuel & lubri 1.88 1.25 1.25 1.50 3.25 3.25 1.60
Hired harvesting labor 16.67 16.67 18.67 20.00 6.67 6.67 0.00
Interest , wkg cap 14.51 21.01 14.25 16.11 29.85 29.97 3.76

Totals 162.75 298.94 161.19 166.35 151.37 123.69 10.43
Stage Office 3 Tomatoes | Potatoes |Faba bean|Jew's Mal |Cucumber | Squash |Egg Plant Citrus Bananas Wheat
Seeds 6.92 150.00 234.00 20.00 0.00 0.00 2.96
Manure 16.00 24.00 48.00 17.00 15.00 37.50 0.00
Chem fertilizer 27.89 28.01 123.98 24.62 63.60 46.30 0.61
Pesticides 58.00 58.00 430.00 45.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.25 1.88 1.25 3.25 3.25 1.60
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Cont. Appendix Table 6. Crop Production Costs, Farmers Perspective * (JD/dunum).

Hired harvesting labor 18.33 16.67 145.00 18.67 6.67 6.67 0.00
Interest , wkg cap 14.51 21.01 107.30 14.25 28.59 29.97 3.76
Totals 163.93 298.94 1110.56 161.19 150.11 123.69 10.43
Stage Office 4 Tomatoes| Potatoes [Faba bean|Jew's Mal|[Cucumbef Squash |Egg Plant| Citrus | Bananas | Wheat
Seeds 6.92 18.00 13.00 20.00 0.00 2.96
Manure 16.00 16.00 0.00 17.00 15.00 0.00
Chem fertilizer 28.37 24.17 6.12 24.62 63.60 0.61
Pesticides 58.00 20.00 0.00 45.00 33.00 0.75
Sacks 0.00 0.00 0.00 0 0.00 0.75
Mulch 20.40 20.40 0.00 20.40 0.00 0.00
Fuel & lubri 1.88 1.25 1.25 1.25 3.25 1.60
Hired harvesting labor 16.67 15.00 5.07 18.67 6.67 0.00
Interest , wkg cap 14.96 15.34 5.90 14.25 28.59 3.76
Totals 163.20 130.16 31.34 161.19 150.11 10.43
Stage Office 5 Tomatoes| Potatoes [Faba bean|Jew's Mal|[Cucumbef Squash |Egg Plant| Citrus | Bananas | Wheat
Seeds 6.92 150.00 18.00 13.00 234.00 20.00 0.00 0.00 2.96
Manure 16.00 24.00 16.00 0.00 48.00 17.00 15.00 37.50 0.00
Chem fertilizer 28.37 28.01 24.17 6.12 123.98 24.62 63.60 46.30 0.61
Pesticides 58.00 58.00 20.00 0.00 430.00 45.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 0.00 20.40 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.25 1.25 1.25 1.88 1.25 3.25 3.25 1.60
Hired harvesting labor 16.67 16.67 15.00 5.07] 145.00 18.67 6.67 6.67 0.00
Interest , wkg cap 14.96 21.12 15.33 5.96 107.30 14.72 28.59 30.44 3.04
Totals 163.20 299.05 130.15 31.40 [ 1110.56 161.66 150.11 124.16 9.71
* Assumes family labor can account for onethird of harvesting except for cucumbers;and not relevant for wheat
Source: Forward, Vol. V.
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Cont . Appendix Table

6. Crop Production Costs

, Farmers Perspective

*(JD/dunum ).

Stage Office 6 Tomatoes | Potatoes |Jew 's Mal |Cucumber Squash Egg Plant Citrus Bananas Wheat
Seeds 6.92 3.33 0.00 0.00 2.96
Manure 16 .00 16 .00 15.00 37 .50 0.00
Chem fertilizer 27 .89 28 .01 63.60 46 .30 0.61
Pesticides 58.00 61.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.50 3.25 3.25 1.60
Hired harvesting labor 18.33 20.00 6.67 6.67 0.00
Interest , wkg cap 14 .60 16.11 27.84 30 .44 2.64

Totals 164 .02 166 .35 149 .36 124 .16 9.31
Stage Office 7 Tomatoes | Potatoes |Jew 's Mal |Cucumber Squash Egg Plant Citrus Bananas Wheat
Seeds 6.92 13.00 20.00 0.00 0.00 2.96
Manure 16.00 0.00 17.00 15.00 37.50 0.00
Chem fertilizer 27.89 6.12 24.62 63.60 46 .30 0.61
Pesticides 58.00 0.00 45.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 0.00 0.00 0.00
Fuel & lubri 1.88 1.25 1.25 3.25 3.25 1.60
Hired harvesting labor 18.33 5.07 9.50 6.67 6.67 0.00
Interest , wkg cap 14 .51 5.45 14.25 29.85 30.52 3.76

Totals 163 .93 30.89 152 .02 151 .37 124 .24 10.43
Stage Office 8 Tomatoes | Potatoes |Jew 's Mal |Cucumber Squash Egg Plant Citrus Bananas Wheat
Seeds 6.92 150.00 234 .00 20.00 0.00 2.96
Manure 16 .00 24.00 48 .00 17.00 15.00 0.00
Chem fertilizer 28 .37 28.01 123 .98 24.62 63.60 0.61
Pesticides 58.00 58.00 430 .00 45.00 33.00 0.75
Sacks 0.00 0.00 0.00 0.00 0.00 0.75
Mulch 20.40 0.00 20.40 20.40 0.00 0.00
Fuel & lubri 1.88 1.25 1.88 1.25 3.25 1.60
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Cont . Appendix Table

6. Crop Production Costs

, Farmers Perspective

*(JD/dunum ).

Hired harvesting labor 16.67 16.67 145 .00 18.67 6.67 0
Interest , wkg cap 14.96 21.12 107.30 14 .72 28.59 3.04
Totals 163.20 299 .05 1110 .56 161 .66 150.11 9.71
Stage Office 9 Tomatoes | Potatoes |Jew 's Mal |Cucumber Squash Egg Plant Citrus Bananas Wheat
Seeds 6.92 0.00 0.00 2.96
Manure 16.00 15.00 37 .50 0.00
Chem fertilizer 27 .89 63.60 46 .30 0.61
Pesticides 58.00 33.00 0.00 0.75
Sacks 0.00 0.00 0.00 0.75
Mulch 20.40 0 0 0.00
Fuel & lubri 1.88 3.25 3.25 1.60
Hired harvesting labor 18.33 6.67 6.67 0.00
Interest , wkg cap 14.60 30.60 28 .08 2.64
Totals 164 .02 152 .12 121 .80 9.31
Stage Office 10 Tomatoes | Potatoes |Jew 's Mal |Cucumber Squash Egg Plant Citrus Bananas Wheat
Seeds 3.33 0.00 0.00
Manure 16.00 15.00 37 .50
Chem fertilizer 28.01 63.60 46 .30
Pesticides 61.00 33.00 0.00
Sacks 0.00 0.00 0.00
Mulch 20.40 0.00 0.00
Fuel & lubri 1.50 3.25 3.25
Hired harvesting labor 20.00 6.67 6.67
Interest , wkg cap 16.11 30.60 28 .08
Totals 166 .35 152 .12 121 .80

* Assumed family labor can account for one

Source : Forward , Vol . V.

-third of harvesting , except for cucumbers and not relevant for wheat
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Appendix Table7. Crop Rankings by Stage Office
National Perspective

Crops Yield Unit pricel Gross Rev|Prod. Cost| Net Rev
(Kg/dunum| (Fils’/Kg) | @D/dunum|{(ID/dunum)| (JD/dunum)
Stage Officel
Bananas 1200 420 504 182 322
Citrus 2622 170 446 186 260
Wheat * 260 256 67 11 56
Tomatoes 4900 50 245 204 41
Squash 1500 97 146 203 -58
Eggplant 3172 46 146 231 -85
Stage Office2
Bananas 1200 420 504 182 322
Citrus 2622 170 446 186 260
Wheat * 260 256 67 11 56
Tomatoes 4900 50 245 202 43
Potatoes 2253 137 309 332 -23
Squash 1500 97 146 203 -58
Eggplant 3122 46 144 231 -87
Stage Office3
Cucumber 10500 178 1869 1310 559
Bananas 1400 420 588 182 406
Tomatoes 4059 73 296 204 92
Citrus 1620 170 275 184 91
Wheat * 143 248 35 11 24
Potatoes 2240 137 307 332 -25 |
Squash 3076 30} 92 203 -111
Stage Officed
Jew's mallow 1675 79 132 39 93
Tomatoes 3977 73 290 202 88
Citrus 1340 170 228 184 44
Faba bean 592 313 185 160 25
Wheat * 143 248 35 11 24
Squash 3076 30 92 203 -111
Stage Officeb
Cucumber 10500 178 1869 1310 559
Bananas 1260 420 529 182 347
Jew's mallow 1624 79 128 39 89
Citrus 1555 170 264 184 80
Tomatoes 3808 73 278 202 76
Faba bean 696 313 218 160 58
Wheat * 143 248 35 11 24
Potatoes 2182 137 299 332 -33
Squash 3076 30 92 203 -111
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Cont. Appendix Table7. Crop Rankings by Stage Office

National Perspective

Stage Officeb

Bananas 1260 420 529 182 347
Tomatoes 3377 73 247 204 43
Wheat * 107 255 27 10 17
Citrus 809 170 138 184 -46
Eggplant 2830 46 130 231 -101
Stage Office7

Bananas 1200 420 504 183 321
Citrus 2622 170 446 186 260
Wheat * 260 256 67 11 56
Tomatoes 4900 50] 245 204 41
Jew's mallow 656 79 52 39 13
Sqguash 1500 97 146 203 -58
Stage Office8

Cucumber 10290 178 1832 1310 522
Tomatoes 3977 73 290 202 88
Citrus 1361 170 231 184 47
Wheat * 143 248 35 11 24
Potatoes 1979 137 271 332 -61
Squash 3076 30] 92 203 -111
Stage Officed

Bananas 1570 420 659 180 479
Citrus 2570 170 437 186 251 |
Tomatoes 4900 73 358 203 155
Wheat * 143 255 36 10 26
Stage Officel0

Bananas 1570 420 659 180 479
Citrus 2570 170 437 186 251
Eggplant 2830 46 130 231 -101

*Value of wheat includes yield and unit value of straw

Sources. Forward, Vol. Il, Annex C for yields and Vol V for unit prices
and production costs Note: the appendix section on methodology o
our report explains the basis for reducing the production costs provided
by Forward.
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Appendix Table 8. Crop Rankings by Stage Office

Farmers Perspective

Crops Yield Unit price | Gross Rev | Prod. Cost | Net Rev
(Kg/dunum)| (Fils/Kg) | (JD/dunum) | (IJD/dunum)|(ID/dunum)
Stage Officel
Bananas 1200 420 504 124 380
Citrus 2622 170 446 151 295
Tomatoes 4900 50 245 164 81
Wheat * 260 256 67 10 57
Squash 1500 97 146 161 -16
Eggplant 3172 46 146 166 -20
Stage Office2
Bananas 1200 420 504 124 380
Citrus 2622 170 446 151 295 |
Tomatoes 4900 50 245 163 82
Wheat * 260 256 67 10 57
Potatoes 2253 137 309 299 10
Sqguash 1500 97 146 161 -16
Eggplant 3122 46 144 166 -22
Stage Office3
Cucumber 10500 178 1869 1111 758
Bananas 1400 420 588 124 464
Tomatoes 4059 73 296 164 132
Citrus 1620 170 275 150 125
Wheat * 143 248 35 10 25
Potatoes 2240 137 307 299 8
Sqguash 3076 30 92 161 -69
Stage Office4
Tomatoes 3977 73 290 163 127
Jew's mallow 1675 79 132 31 101
Citrus 1340 170 228 150 78
Faba bean 592 313 185 130 55
Wheat * 143 248 35 10 25
Squash 3076 30 92 161 -69
Stage Office5
Cucumber 10500 178 1869 1111 758
Bananas 1260 420 529 124 405
Tomatoes 3808 73 278 163 115
Citrus 1555 170 264 150 114
Jew's mallow 1624 79 128 31 97
Faba bean 696 313 218 130 88
Wheat * 143 248 35 10 25
Potatoes 2182 137 299 299 0
Squash 3076 30 92 162 -70

Economics of Water Reuse in the Amman-Zargqa Basin & Jordan Valey



Cont. Appendix Table8. Crop Rankings by Stage Office
Farmers Perspective

Stage Office 6

Bananas 1260 420 529 124 405
Tomatoes 3377 73 247 164 83
Wheat * 107 255 27 9 18
Citrus 809 170 138 149 -11
Eggplant 2830 46 130 166 -36
Stage Office 7

Bananas 1200 420 504 124 380
Citrus 2622 170 446 151 295
Tomatoes 4900 50 245 164 81
Wheat * 260 256 67 10 57
Jew's mallow 656 79 52 31 21
Squash 1500 97 146 152 -7
Stage Office 8

Cucumber 10290 178 1832 1111 721
Tomatoes 3977 73 290 163 127
Citrus 1361 170 231 150 81
Wheat * 143 248 35 10 25
Potatoes 1979 137 271 299 -28
Squash 3076 30 92 162 -70
Stage Office 9

Bananas 1570 420 659 124 535
Citrus 2570 170 437 152 285
Tomatoes 4900 73 358 164 194
Wheat * 143 255 36 10 26
Stage Office 10

Bananas 1570 420 659 122 537
Citrus 2570 170 437 152 285
Eggplant 2830 46 130 166 -36

*Value of wheat includes yield and unit value of straw

Sources : Forward, Vol. I, Annex C for yields and Vol . V for unit prices
and production costs . Note the appendix section on methodology of
our report explains the basis for reducing the production costs provided
by Forward , as well as our reduction of labor costs except for harvesting
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Appendix Table9. Overall Crop Rankings National perspective

Crops Yield Uni't price | Gross Rev |Prod. Cost Net Rev Location
(Kg/dunum)| (Fils/Kg) | (D/dunum)|(ID/dunum)|(JD/dunum)
Cucumber 10500 178 1869 1310 559|Stage Of. 3
Cucumber 10500 178 1869 1310 559|Stage Of. 5
Cucumber 10290 178 1832 1310 522|Stage Of. 8
Bananas 1570 420 659 180 479|Stage Of. 9
Bananas 1570 420 659 180 479|Stage 0110
Bananas 1400 420 588 182 406|Stage Of. 3
Bananas 1260 420 529 182 347|Stage Of. 5
Bananas 1260 420 529 182 347|Stage Of. 6
Bananas 1200 420 504 182 322|Stage Of. 1
Bananas 1200 420 504 182 322|Stage Of 2
Bananas 1200 420 504 183 321|Stage Of. 7
Citrus 2622 170 446 186 260|Stage Of. 1
Citrus 2622 170 446 186 260|Stage Of. 2
Citrus 2622 170 446 186 260|Stage Of. 7
Citrus 2570 170 437 186 251|Stage Of. 9
Citrus 2570 170 437 186 251|Stage Of10
Tomatoes 4900 73 358 164 155[Stage Of. 9
Tomatoes 4059 73 296 204 92|Stage Of. 3
Citrus 1620 170 275 184 91|Stage Of. 3
Jew's mallow 1675 79 132 39 93|Stage Of. 4
Jew's mallow 1624 79 128 39 89|Stage Of.5
Tomatoes 3977 73 290 202 88|Stage Of 4
Tomatoes 3977 73 290 202 88|Stage Of. 8
Citrus 1555 170 264 184 80|Stage Of. 5
Tomatoes 3808 73 278 202 76|Stage Of. 5
Faba bean 696 313 218 160 58[Stage Of 5
Wheat * 260 256 67 11 56|Stage Of. 1
Wheat* 260 256 67 11 56|Stage Of. 2
Wheat* 260 256 67 11 56|Stage Of. 7
Citrus 1361 170 231 184 47|Stage Of. 8
Citrus 1340 170 228 184 44|Stage Of. 4
Tomatoes 4900 50 245 202 43|Stage Of. 2
Tomatoes 3377 73 247 204 43|Stage Of. 6
Tomatoes 4900 50 245 204 41|Stage Of. 1
Tomatoes 4900 50 245 204 41|Stage Of. 7
Wheat* 143 255 36 10 26|Stage Of. 9
Faba bean 592 313 185 160 25|Stage Of. 4
Wheat * 143 248 35 11 24|Stage Of. 3
Wheat* 143 248 35 11 24|Stage Of. 4
Wheat * 143 248 35 11 24|Stage Of.5
Wheat * 143 248 35 11 24|Stage Of. 8
Wheat * 107 255 27 10 17|Stage Of 6
Jew's mallow 656 79 52 39 13|Stage Of. 7
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Cont Appendix Table9. Overall Crop Rankings National perspective

Potatoes 2253 137 309 332 -23|Stage Of. 2
Potatoes 2240 137 307 332 -25|Stage Of. 3
Potatoes 2182 137 299 332 -33|Stage Of. 5
Citrus 809 170 138 184 -46|Stage Of. 6
Squash 1500 97 146 203 -58[Stage Of. 1 |
Squash 1500 97 146 203 -58|Stage Of. 2
Squash 1500 97 146 203 -58|Stage Of. 7
Potatoes 1979 137 271 332 -61|Stage Of. 8
Eggplant 3172 46 146 231 -85|Stage Of. 1
Eggplant 3122 46 144 231 -87|Stage Of. 2
Eggplant 2830 46 130 231 -101|Stage Of. 6
[Eggplant 2830 46 130 231 -101[Stage Of10
Squash 3076 30 92 203 -111|Stage Of 3
Sguash 3076 30 92 203 -111|Stage Of. 4
Squash 3076 30 92 203 -111|Stage Of. 5
Squash 3076 30 92 203 -111|Stage Of. 8

* Includes the value of straw as affspduct

Sources Forward Vol. Il, Annex C for yields and VolV for unit prices
and production costs Note: the appendix section on methodology of
our report explains the basis for reducing the production costs provided

by Forward
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Appendix Table 10. Overall Crop Rankings , Farmers' perspective

Crops Yield Unit price | Gross Rev |Prod. Cost Net Rev Location
(Kg/dunum)] (Fils/Kg) |(D/dunum)|(ID/dunum)| (JD/dunum)
Cucumber 10500 178 1869 1111 758|Stage Of 3
Cucumber 10500 178 1869 1111 758|Stage Of 5
Cucumber 10290 178 1832 1111 721|Stage Of 8
Bananas 1570 420 659 122 537|Stage Of10
Bananas 1570 420 659 124 535[Stage Of 9
Bananas 1400 420 588 124 464|Stage Of 3
Bananas 1260 420 529 124 405|Stage Of 5
Bananas 1260 420 529 124 405|Stage Of 6
Bananas 1200 420 504 124 380|Stage Of 1
Bananas 1200 420 504 124 380|Stage Of 2
Bananas 1200 420 504 124 380|Stage Of 7
Citrus 2622 170 446 151 295[Stage Of 1
Citrus 2622 170 446 151 295|Stage Of 2
Citrus 2622 170 446 151 295[Stage Of 7
Citrus 2570 170 437 152 285[Stage Of 9
Citrus 2570 170 437 152 285[Stage Of10
Tomatoes 4900 73 358 164 194|Stage Of 9
Tomatoes 4059 73 296 164 132|Stage Of 3
Tomatoes 3977 73 290 163 127|Stage Of 4
Tomatoes 3977 73 290 163 127|Stage Of 8
Citrus 1620 170 275 150 125|Stage Of 3
Tomatoes 3808 73 278 163 115|Stage Of 5
Citrus 1555 170 264 150 114|Stage Of 5
Jew's mallow 1675 79 132 31 101fStage Of 4
Jew's mallow 1624 79 128 31 97|Stage Of 5
Faba bean 696 313 218 130 88|Stage Of 5
Tomatoes 3377 73 247 164 83|Stage Of 6
Tomatoes 4900 50 245 163 82|Stage Of 2
Tomatoes 4900 50 245 164 81|Stage Of 1
Tomatoes 4900 50 245 164 81|Stage Of 7
Citrus 1361 170 231 150 81|Stage Of 8
Citrus 1340 170 228 150 78|Stage Of 4
Wheat* * 260 256 67 10 57|Stage Of 1
Wheat * * 260 256 67 10 57|Stage Of 2
Wheat * * 260 256 67 10 57|Stage Of 7
Faba bean 592 313 185 130 55|Stage Of 4
Wheat * * 143 255 36 10 26|Stage Of 9
Wheat* * 143 248 35 10 25|Stage Of 3
Wheat* * 143 248 35 10 25|Stage Of 4
Wheat* * 143 248 35 10 25|Stage Of 5
Wheat* * 143 248 35 10 25|Stage Of 8
Jew's mallow 656 79 52 31 21|Stage Of 7
Wheat* * 107 255 27 9 18|Stage Of 6
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Cont. Appendix Table 10. Overall Crop Rankings , Farmers' perspective

Potatoes 2253 137 309 299 10|Stage Of 2
Potatoes 2240 137 307 299 8|Stage Of 3
Potatoes 2182 137 299 299 O|Stage Of 5
Squash 1500 97 146 152 -7|Stage Of 7
Citrus 809 170 138 149 -11|Stage Of 6
Squash 1500 97 146 161 -16|Stage Of 1
Squash 1500 97 146 161 -16|Stage Of 2
Eqggplant 3172 46 146 166 -20|Stage Of 1
Eggplant 3122 46 144 166 -22|Stage Of 2
Potatoes 1979 137 271 299 -28[Stage Of 8 |
Eqggplant 2830 46 130 166 -36|Stage Of 6
Eqggplant 2830 46 130 166 -36]/Stage Of10
Squash 3076 30 92 161 -69|Stage Of 3
Squash 3076 30 92 161 -69|Stage Of 4
Squash 3076 30 92 162 -70|Stage Of 5
Squash 3076 30 92 162 -70|Stage Of 8

* Differs from the national perspective by removing the cost of farexdapofor
two-thirds that required for harvesting because family labor is not sufficiently abundant
to meet harvesting requiremenfghis twothirds estimate does not apply to

cucumbers which require considerably more harvesting labor

* *Includes the value of straw as apgrpduct

Sources Forward Vol Il, Annex C for yields and Vol for unit prices
and production costs Note: the appendix section on methodology of
our report explains the basis for reducing the production costs provided

by Forward
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Appendix Tablé&l. Historical Net Revenues from Cropping in the Northern Directdatitenal perspective

Irrigated Areal Area Cropped Area Crop Net Rev Total Net
Crop (dunums) (% of total) (dunums) intensity | (JD/du/crp)| Rev. (JD'000)
Vegetables * 10,900 0.16 32.700 3 40 1298
Citrus 52,500 0.76 52,500 1 244 12,802
Bananas* * 2,700 0.04 2,700 1 231 623
Wheat 2,900 0.04 5,800 2 42 245
Total 69.000 1.00 93.700 14968
*Vegetable Yield x Stage Office
** Values observed in the field represent bananas actually in production whereas, bananas,
according to the Forward reportVal. V, show the following yield schedule Consequently the
observed values are reduced by 31 percent
Irrigated area dunums 69,000
Net returns per irrigated arealD/dunum 217
Cropping intensity 1.36
Area(dunums) Tomatoes| Potatoes | Fababean Jews mal Cucumber Squash Eggplant Totals Citrus| Bananas| Wheat
SIAGE 1 73 19 2 114 11024 606 404
SIAGE 2 1032 1870 342 1031 4279 13264 252 40
SIAGE 3 1541 1281 863 688 4373 4302 360 2128
SIAGE 7 109¢ 1147 314 2551 16431 1112 2361
Totals 3734 3151 1147 863 1363 1053 11313 45027 2330 4933
Crop rankings. Net rev Tomatoes| Potatoes | Fababean Jews mal Cucumber Squash Eggplant Totals Citrus| Bananas| Wheat
StAGE 1 41 -58 -85 260 322 56
SIAGE 2 43 -23 -58 -87 260 322 56
SIAGE 3 92 -25 559 -111] 91 406 24
SIAGE 7 41 13 -58 260 321 56
Economics of Water Reuse in the Amman-Zarqa Basin & Jordan Valey 51



Cont. Appendix Tablell. Historical Net Revenues from Cropping in the Northern Directorate, National perspective

Weighted avg net revenue| Tomatoes | Potatoes Faba bean Jew's mal Cucumber Squash Eggplant Totals Citrus|Bananas | Wheat
StAGE 1 1 -1 -2 64 84 5
StAGE 2 12 -14 -15 -85 77 35 0
StAGE 3 38 -10 559 -56 9 63 10
StAGE 7 12 13 -13 95 153 27
Totals 63 -24 13 559 -85 -87 244 335 42
Total Banana * 0.69 231
Wtd avg total net rev/dun | Tomatoes | Potatoes Faba bean Jew's mal Cucumber Squash Eggplant Totals Citrus| Bananas | Wheat
| 21 -7 1 43 -10 -8 40
. . Net Rev
An illustration (JD/dunum)
Establishment year -200
Next year 0
Following five years 450
Annualized values over 6 yrs @ 10% interest 310
Annualized /five-year value 0.69
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Appendix Tablé2. Historical Net Revenues from Cropping in the Northern Directbaateers perspective

Crop Irrigated Area Area Cropped Area Crop Net Rev Total Net
(dunums) (% of total) (dunums) intensity | (JD/du/crp) | Rev. (JD'000)
Vegetables * 10,900 0.16 32,700 3 89 2,922
Citrus 52,500 0.76 52,500 1 279 14.670]
Bananas** 2.700 0.04 2.700 1 271 732
Wheat 2.900 0.04 5.800 2 43 251
Total 69,000 1.00 93,700 18,574
* VVegetable Yield x Stage Office
**\/alues observed in the field represent bananas actually in production; whereas, bananas,
according to the Forward reportVol. V, show the following yield schedule Consequently the
observed values are reduced by 31 percent.
Irrigated areg dunums 69,000
Net returns per irrigated areaJD/dunum 269
Cropping intensity 0.00
Area (dunums) Tomatoes|Potatoes| Fababean Jew's mal Cucumber Squash Eggplant Totals Citrus | Bananas| Wheat
StAGE 1 73 19 22 114] 11022 606] 404
StAGE 2 1032 1870 342 1031 4275| 13267 252 40
StAGE 3 1541 1281 863 688 43731 430 360 212§
StAGE 7 1090 1147 314 2551] 1643 1112 236
Totalg 3736 3151 0 1147 863 1363 1053 11313 45022 2330] 4933
Crop rankings. Net rev__|Tomatoes|Potatoes| Fababean Jew's mal Cucumber Squash Eggplant Totals Citrus | Bananas| Wheat
StAGE 1 81 -16] -20 295] 380 57
StAGE 2 82 10 -16 -22 295 380 57
StAGE 3 132 8 758 -69 132 464 25
StAGE 7 81 2 -7 295 380 57
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Cont. Appendix Table12. Historical Net Revenues from Cropping in the Northern Directorate

, Farmers' perspective

Weighted avg net revenug Tomatoes|Potatoes| Fababean Jew's mal Cucumber Squash Eggplant Totals Citrus | Bananas | Wheat
StAGE 1 1.58 0.00 0.00 0.00 -0.22 -0.42 72 99 5
StAGE 2 22.65 5.93 0.00 0.00 -4.01 -21.54 87 41 0
StAGE 3 54.45 3.25 0.00 758.00 -34.83 0.00 13 72 11
StAGE 7 23.63 0.00 21.00 0.00 -1.61 0.00 108 181 27
Totals 102 9 21 758 -41 -22 279 393 43
Total Banana *0.69 271
Wtd avg total net rev/dun|Tomatoes|Potatoes| Faba bean Jew's mal Cucumber Squash Eggplant Totals Citrus | Bananas | Wheat
| 34 3 2 58 -5 2 89
. . Net Rev
An illustration (JD/dunum)
Establishment year -200
Next year 0
Following five years 450
Annualized values over 6 yrs @ 10% interest 310
Annualized /five-year value 0.69
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Appendix Table 13. Historical Net Revenues from Cropping in the Middle DirectorateNational perspective

Irrigated Area Cropped Net Rev |Total Net
Crop Area (% of Area Crop (JD/du/cr| Rev.
(dunums) total) (dunums)| intensity p) (JD'000)
Vegetables * 27150 0.63 81450 3.00 70 5741
Citrus 13100 0.30 13100 1.00 54 710
Bananas ** 250 0.01 250 1.00 239 60
Wheat 2500 0.06 5000 2.00 24 120
Total 43000 1.00 99800 6631
* VVegetable Yield x Stage Office
**Values observed in the field represent bananas actually in production ; whereas, bananas ,
according to the Forward report , Vol . V, show the following yield schedule . Consequently , the
observed values are reduced by 31 percent .
Irrigated area , dunums 43,000
Net returns per irrigated area , JD/dunum 154
Cropping intensity 2.32
Area (dunums) Tomatoes | Potatoes |Fababean| Jew's mal |Cucumber| Squash | Eggplant | Totals Citrus Bananas | Wheat
StAGE 4 2700 511 1314 215 4740 1049 1266
StAGE 5 614 2434 908 112 653 1762 6483 1928 115 538
StAGE 8 1547 1095 768 201 3611 5392 1345
Totals 4861 3529 1419 1426 1421 2178 14834 8369 115 3149
Crop rankings . Net rev Tomatoes | Potatoes |Faba bean| Jew's mal |Cucumber| Squash | Eggplant Totals Citrus Bananas | Wheat
StAGE 4 88 25 93 -111 44 24
StAGE 5 76 -33 58 89 559 -111 80 347 24
StAGE 8 88 -61 522 -111 47 24
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Cont . Appendix Table 13. Historical Net Revenues from Cropping in the Middle Directorate

, National perspective

Weighted avg net revenue Tomatoes | Potatoes |Fababean | Jew's mal |[Cucumber| Squash | Eggplant Totals Citrus Bananas Wheat
StAGE 4 49 9 86 -11 6 0 10
StAGE_5 10 -23 37 7 257 -90 18 347 4
StAGE 8 28 -19 282 -10 30 0 10
Totals 86 -42 46 93 539 -111 54 347 24
Total Banana __* 0.69 239
Wtd avg total netrev /dun Tomatoes | Potatoes [Fababean | Jew's mal |[Cucumber| Squash | Eggplant Totals Citrus Bananas Wheat
| 28 -10 8 9 52 -16 70
An illustration Net Rev
(JD /dunum )
Establishment year -200
Next year 0
Following five years 450
Annualized values over 6 yrs @ 10% interest 310
Annualized /five-year value 0.69
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Appendix Table 14. Historical Net Revenues from Cropping in the Middle Directorate , Farmers' perspective

Irrigated Area |[Cropped Net Rev |Total Net
Crop Area (% of Area Crop (ID/du/cr Rev.
(dunums) total) (dunums)| intensity p) (JD'000)
Vegetables * 27,150 0.63 81,450 3 122 9,943
Citrus 13,100 0.3 13,100 1 88 1,156
Bananas ** 250 0.01 250 1 279 70
Wheat 2.500 0.06 5.000 2 25 125
Total 43.000 1 99.800 11,293
* Vegetable Yield x Stage Office
**Values observed in the field represent bananas actually in production ; whereas, bananas,
according to the Forward report , Vol. V, show the following yield schedule . Consequently, the
observed values are reduced by 31 percent .
Irrigated area , dunums 43,000
Net returns per irrigated area , JD/dunum 263
Cropping intensity 2.32
Area (dunums) |Tomatoes| Potatoes |Faba bean| Jew's mal |Cucumber] Squash | Eggplant | Totals Citrus | Bananas Wheat
StAGE 4 2,700 511 1,314 215 4,740 1,049 1,266
StAGE 5 614 2,434 908 112 653 1,762 6,483 1,928 115 538
StAGE 8 1,547 1,095 768 201 3,611 5,392 1,345
Totals 4,861 3,529 1,419 1,426 1,421 2,178 14,834 8,369 115 3,149
14834
Crop rankings. Net rflTomatoes| Potatoes [Faba bean| Jew's mal [Cucumber] Squash | Eggplant | Totals Citrus | Bananas Wheat
StAGE 4 127 55 101 -69 78 25
SIAGE 5 115 0 88 97 758 -70 114 405 25
StAGE 8 127 -28 721 -70 81 25
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Cont. Appendix Tabld4. Historical Net Revenues from Cropping in the Middle Direci&ataers perspective

Weighted avg net reflTomatoeq Potatoes|Faba bean

Jew's mal |[Cucumbel Squash | Eggplant| Totals Citrus | Bananas| Wheat
StAGE 4 71 20 93 -7 10 0 10
StAGE 5 15 0 56 8 348 -57 26 405 4
StAGE 8 40 -9 390 -6 52 0 11
Totals 125 -9 76 101 738 -70 88 405 25
Total Banana* 0.69 279
Wtd avg total net reyTomatoeq Potatoes|Faba bear] Jew's mal [Cucumbel| Squash | Eggplant| Totals Citrus | Bananas| Wheat
| 41 -2 13 10 71 -10 122
. . Net Rev
An illustration (JD/dunum
Establishment year -200
Next year 0
Following five years 450
Annualized values over6 yrs @ 10% intere: 310
Annualized/five-year value 0.69
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Appendix Table 15. Historical Net Revenues from Cropping in the Karameh Directorate

, National perspective

Crop Irrigated Area |[Cropped Net Rev |Total Net
Area ( % of Area Crop (JD/dufcr Rev .
(dunums ) total ) (dunums )| intensity p) (JD'000 )
Vegetables  * 14,500 0.43 43,500 3.00 -33 -1,425
Citrus 4,300 0.13 4,300 1.00 63 272
Bananas _** 14,300 0.42 14,300 1.00 330 4,717
Wheat 900 0.03 1,800 2.00 22 39
Total 34,000 0.57 63,900 3,604
* Vegetable Yield x Stage Office
**Values observed in the field represent bananas actually in production ; whereas , bananas ,
according to the Forward report , Vol. V, show the following yield schedule . Consequently , the
observed values are reduced by 31 percent .
Irrigated area  , dunums 34,000
Net returns per irrigated area , JD /dunum 106
Cropping intensity 1.88
Area (dunums) Tomatoes | Potatoes |Fababean | Jew's mal |Cucumber | Squash | Eggplant Totals Citrus Bananas Wheat
StAGE_ 6 1,289 1,306 2,595 1,505 55 461
StAGE 9 45 45 30 3,400 506
StAGE__ 10 249 249 847 4,446 0
Totals 1,334 1,555 2,889 2,382 7,901 967
Crop rankings . NetrdTomatoes | Potatoes |Fababean | Jew's mal [Cucumber | Squash [Eggplant Totals Citrus Bananas Wheat
SIAGE 6 43 -101 -46 347 17
StAGE_ 9 155 251 479 26
SIAGE__ 10 -101 251 479
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Cont . Appendix Table 15. Historical Net Revenues from Cropping in the Karameh Directorate , National perspective
Weighted avg net revenyTomatoes | Potatoes |Faba bean Jew 's mal |Cucumber Squash Eggplant Totals Citrus Bananas Wheat
StAGE _ 6 41 .55 -85 -29 2 8
StAGE _ 9 5.23 0 3 206 14
StAGE 10 -16 89 270 0
Totals 47 -101 63 478 22
Total Banana * 0.69 330
Wtd avg total net rev Tomatoes | Potatoes |Fababean Jew 's mal |Cucumber Squash Eggplant Totals Citrus Bananas Wheat
[ 22 0 0 0 0 -54 -33
Anillustrati Net Rev
nillustration (3D /dunum )
Establishment year -200
Next year 0
Following five years 450
Annualized values over 6 yrs @ 10 % interest 310
Annualized  /five -year value 0.69
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Appendix Table 16. Historical Net Revenues from Cropping in the Karameh Directorate , Farmers' perspective

Crop Irrigated Area |Cropped Net Rev |Total Net
Area ( % of Area Crop (IJD/dul/cr Rev.
(dunums) total) (dunums )| intensity p) (JD'000)
Vegetables * 14,500 0.43 43,500 3.00 21 899
Citrus 4,300 0.13 4.300 1.00 98 421
Bananas ** 14.300 0.42 14.300 1.00 331 4.729
Wheat 900 0.03 1.800 2.00 22 40
Total 34,000 1.00 63,900 6,090
* Vegetable Yield x Stage Office
**\/alues observed in the field represent bananas actually in production ; whereas , bananas ,
according to the Forward report , Vol .V, show the following yield schedule . Consequently , the
observed values are reduced by 31 percent .
Irrigated area , dunums 34,000
Net returns per irrigated area , JD/dunum 179
Cropping intensity 1.88
Area (dunums ) Tomatoes | Potatoes |Fababean | Jew's mal |[Cucumber | Squash | Eggplant Totals Citrus Bananas Wheat
StAGE 6 1.289 1.306 2.640 1.505 55 461
StAGE 9 45 294 30 3.400 506
StAGE 10 249 1,849 847 4,446 0
Totals| * 1,334 1,555 2,889 2,382 7,901 967
Crop rankings . Netrev |Tomatoes | Potatoes |Fababean [ Jew's mal |Cucumber ] Squash | Eggplant Totals Citrus Bananas Wheat
StAGE 6 83 -36 -11 405 18
StAGE 9 194 285 535 26
StAGE 10 -36 285 537
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Cont. Appendix Table 16. Historical Net Revenues from Cropping in the Karameh Directorate

, Farmers ' perspective

Weighted avg net revenue JTomatoes | Potatoes |Fababean | Jew's mal [Cucumber | Sqguash | Eggplant Totals Citrus Bananas Wheat
SIAGE 6 80.20 -30 -7 3 9
SIAGE 9 6.54 0 4 174 14
StAGE 10 -6 101 302 0
Totals 87 -36 98 479 22
Total Banana * 0.69 331
Wtd avg total netrev /dujTomatoes | Potatoes |Fababean | Jew's mal |[Cucumber | Squash | Eggplant Totals Citrus Bananas Wheat
I 40 -19 21
. . Net Rev
An illustration (JD/dunum)
Establishment year -200
Next year 0
Following five years 450
Annualized values over 6 yrs @ 10% interest 310
Annualized /five -year value 0.69
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