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EFFECT OF ALTERNATIVE PRODUCT AND INPUT.PRICES
ON DEMAND FOR IRRIGATION WATER: - TEXAS HIGH PLAINS

-Céry<D. Condra and Ronal& D. Lacewell™™
Texas A&M University ‘

Iqtroduétion'

' The‘TeanJHigh Plains is a fairly levei semi-arid region located oﬁ”the
Southerﬁ Greét_Plaiﬁs and enéom?assiﬁg aﬁéﬁt‘35;000 squa?e miles} Thé‘region ‘
is underléin by thé Ogéilala aduifer fromrwhiéh groundwater»is pumped fof irri--
gated crop production; hoﬁeﬁer, pumpage iates havé'greaﬁly exceeded rechafgef
‘to . the aquifer and groundwater- supplies ére beiné stéadily Aepletéd.

' Groundwafér pumping costs will incfeéée over time as well yields deéline
and_depth from which water is pgmpéd increéses. Fufther, naturélfgas; thévérifs
mary,fueljused~ih pumpiqg on.the High Plains;.is in short supply and proquers
"afe féced with»certainiprice increases and possible.curtailments.- “

These factors coupléd»witﬁ arhigh degfee of.unéertainty regarding prod§c£-»
priceé haVe.created-a‘éituation on tﬁé High Plains-Whiéh ha§ impliCatiénsiréachf
ing‘farfbeyond the in&ividual prbducer;‘ Changes in thé'quaqtity of Wétép ;'
pumped will have regional effects in}tefms 6f levels of‘crop'production'and in—lb
coﬁe; ‘There ére also posSiBle natioﬁal effectsvin'the‘case of”cotﬁoﬁjand feéd
grains. Thérefqre, the question-of irrigation Watér demand may be shown toﬁhave T
relevance not'énly to tﬁé producer, but likewise to COnsumers,'and‘pdliﬁyémakers.

AThe objéctiﬁes of'thié study were as follows:

‘1,l To estimate the effect of alterﬁatiVe prdduct and ihput price'ievélé

on the demand fér_irrigation water qu the Texas ﬁigh Pléins;
2.' To estimate.the level of cropboﬁtput ;séociated'with.quantitiéé of’wgter ;,

demanded under alternative product and input price levels in objective 1.



iMethodologyi

L1near programming (LP) was selected as thedanalytlcal technique since it
hprov1des an effective tool" for allocating land, water, and other 1nputs.
o Basically the LP ‘model developed in.this study maximizes producer‘net returnsl
_subject~to resource'restraints. The cost of Water was varled parametrically
to generate a deriued demand schedule for 1rrigation water atAalternativel
~product’pr1ce levels. This technique has been used extensively in past studies
for other reglons (e.g., Moore and Hedges,AShumway, ‘Flinn; Yaron, Gray‘and Trock)
‘The study areavencompasses the "hardlandsﬁ or Pullman clay 301ls area south of
the ‘Canadian River in the Texas High Plalns, defined as Subregion II in the
,'Texas Crop Budgets (Extension Economists - Management) The area includes aboutv
14 thousand square_miles or.9 million acres. The growing season'is'about 200-‘
idays and annual'rainfall ranges:fromil6 tthO inches (TexasuAlmanac)i _Approxie
'mately 4.5vmillion aCres are currently in cultivation mith'l.S million acres
under irrigation (Nem);b N |
. The.major crops‘of-the area (corn,”cotton, grainbsorghum,’soybeans;;and
wheat) were incorporated.into-the model. vThesevcrop enterprises were“restrained
'by,uéﬁe; and lowerfflexibility restraints}l’These restraints reflect the maXimum
lexpectedlvincrease.or'decrease‘in the acreage of a particular‘cronain'aigivenlf
,year;: The.leuel of-a,given restraintvwas'jointly'determined by base acreage and .
‘the fleaibility coefficient of increase or decrease. ' | | |

Crobiacreage flexibility’coefficients wererestimated from historical planted
acreages (Texas'Crop and Livestock Reporting Service) using linearbregression o
analysis (éondraband LaceWell).'.Base'acreages Were‘specified as the’past:three
" years' average acreage for eachmcrop except corn and soybeans..2 :The baSe‘uashA

established as a three year average. to minimize distortion of results due to the



effects of‘atypicéi weétherUCOnditions and product‘p¥iées.in 1573 énd_l§74.,;f :v’
| To obfain model flexibility,4purchasing adtivities_wéfe,inciudéd.for;naﬁural.
gas, nitfoggnffertilizer,‘diesel fuei, herbicide, difeét water charges, aﬁd ﬁon-‘
fuei groundwater‘puﬁping‘gosts., This‘meéns_p;iges fqr thése itemS‘cén.bé sp¢ci—,
fied at élternafi?e igvels or varied paramétrically; |
| Simiiar;y?:a_selling activity.for each crop was ingbrporatéd'to éliow éffi—.
cient aﬁalysis of the effects of.alternatiVe.prOAuct price‘leﬁeis:on'thé &emgﬁd
for Qatéf‘and othér inputs. -' ”
All resouréés:were assumed to be unres#ricted in’éupply éxcé§t ifrigéted ;
'and:tofal‘Cropland, ﬁhiéh were restricted to cur?entulevéié.v Gfounawatér QupQE

~ plies were not explicitly limited except through the irrigétedlland restrictioﬁ.

 ‘Inpu; Data
;‘Pér'aére pfoductipn iﬁpﬁf—outpuﬁféoefficienfs for-cfoﬁ enterpfiééé'wéte4wf
takén from the Texgs Crop Budgets (Extensi&h EconomistS'— Maﬁagementi; Onl§_ia 
singlewlévei_irfigated enﬁerprisés‘were considefed‘for corn'énd soyEéans; how—‘.
eVer,7a1ternatives for the bther‘threéicréﬁs includé dfyland production and
different levels of’irrigatioﬁ (éaftin). It,hasvbeen assumed that all irrigated
.:.enterpriSes are under.fufrdw irrigétion énd typicél‘managemént applies to”allk
crop enterp:isés; | | | | | |
_Current'1975 input'pricgs were'uséd (Saf;in; Osbofn; Grubb)‘unleés speéified

othe;wiSe'in,fhg partiéﬁlar appliéation. Theéé pfices are as follows: |

. ﬁater‘—'$23.88 per.écre—foot = curfent pumping éoSt ofvgrouﬁdﬁéterg,:1 

fNétural éas - $.88’per thous#nd'éubic féeﬁ. | »

Diesel —'$,40 per gailon.

Nitrogen fertilizer - $.20'pef pound3



A land charge of $15 per acre was 1ev1ed agalnst both dryland and 1rrdgated‘
'crop enterprlses based on the. typlcal -rent for dryland cotton of one—third of
.productlon (Exten31on Econom1sts - Management) ThlS procedure was followed
- in order to allou residual returns to water to.remaln ‘as” net returns to the

. producer. A#management charge assumed to be‘5 percent of gross revenue was ff.:
'also assessed aga1nst all productlon act1v1ties. | | :

7 Three levels of product prlces, high, average, and low,'were selected for
appllcatlon of the modela Data were furnlshed by the Texas Crop and Livestock
AReportlng Serv1ce and represent prrces rece1ved by producers in the ngh Plalns
during the period 1971 through 1974 ' Average prlces4 ‘are 51mple unwelghted
'daverages of_monthly prlces.- These prices were assumed‘to bevrepresentatlveﬁoff_'
,'priceS'whiCh:may,be lexpected'hover the next;few'years. Lows'and high6'crop R
prlces were selected as the extremes’ for the.per1od and represent the 1mprobab1e
‘but p0331ble range of cropvpr1ces.'

| Total cropland and 1rr1gated cropland were set at 3 686 and 2. 570 mlllion
'kacres respect1vely (NeW).‘ These levels were developed from data for 1973 Thls
" pear Was chosen hecause governmental,acreage controls had been relaxed and 1973:

was not as atypical'as 1974 in terms of prices andjweather COnditions,

Results
:The cost of waterfon the High'Plains‘may‘be expeCted"to“increaseadue_to'the:
‘influence of‘four.factors;'(l)~increasing lift»and>decreasing ‘uelll_y:i‘.‘elds'pas‘so-ji
ciated with”exhaustion~of groundwater supplies; (Z)Mprdce'increases for natdral:"
blgasbwhich is theppredomdnate fuel used_in‘irrigations(QSborn),i(3)'anclncreaseri
v in’maintenance expenses and vauisitionvcosts‘of'pumping units,:apd 4 assess-‘

ment of a direct charge on water pumpage. There are many institutionalnconStraints



which probably will prevent the direct charge on water withdrawals from occurring.
For this analysis, effect of crop prices and natural gas price on irrigation and

‘agricultural output on the Texas High Plains weré-investigated.

Effect.of Crop Prices
.Demand sChe&ules for irrigation water were developed under alternative

aséumptiohé‘of average, high, and low crop.prices (Figure l); It was assume&
that crop prices wﬁgld tend to move together over timevbased on énalysis ofn-
histoficai data.’7

The‘range of irrigation_water demand at average‘crop prices'(dprve b,
Figure 1) is 3.4 million acre-feet at the current bumping cost of $23.88 per ”
acre-foot tovnohé at $48.35lper acre-foot. 'High'_crop prices (curve 'é;;
Figure 1) yield a range of 3.7 million acre-feet of water at the current pumping
- cost o£_$23.88 per'acre"foot to none at a cost of $153.67 per acre—foot. Undef
 conditioﬁs of 'low' crop prices (point d,vFigqre 1) no water is demanded for
irrigation.b |

The demand -for water at average cfop prices is rélatively'iﬁsénsitive to
'_changeéiin Qaterbcost,up:to $34.961per acre—foot, at which point the quantity of
water demanded falls to about 2.0 miilion‘acre feet. This represents a reduc-
tion of over 40 percent from thevquanfity of water demanded at current pumping
costs. The insensitive range iﬁ water demandéd goeé ffom current ﬁumping costs -
up to‘$li4.93 p¢r acfe—foot of watér with high crop prices. At a water cost of 
'$114.93 per acre'foot? quantity of water deménded_declines about 50 pefcent.f
These results.indicate the degree-to'whicﬁ,deﬁand for.water is affected by the
.level of crop prices.‘ If low crop prices should prevaii, then rapid phasing,opt of

irrigation on the Texas High Plains would be expected. With current crop and



Cost of Water ' ) a = current level of costs for water on the

($/ac.~ft.) : S Texas High Plains
- . o ' b = demand for water under the assumption
of average crop prlces and 1975 input
— - A prices
150 4 I , " ¢ = demand for water under the assumptlon
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Figure 1. - Demand for irrigation water at alternative crop

and natural gas prices, Texas High Plains.



‘ 1nput prlces, irrigation w1ll remain near current 1evels until pumping costs
‘1ncrease about 50 percent above the current $23 88 per acre foot.
Increasing costs of water and fluctuations in the level of crop prices w1ll

have assoc1ated changes in the level and mix of crop output. These‘changesx;”ff“

for average crop prlces are shown in Table l
. With average crop prices, corn output is reduced sharply as theicost of water
.ﬂ'approaches $34 96 per acre—foot and drops to zero when water cost reaches.$40 00
per acre—footm‘ Grain sorghum production»increaseS'up to a cost of $34‘96 per:%
‘acre—foot of water replac1ng corn' however, it declines at higher costs of {‘_f
rwater as. production sh1fts toward dryland Cotton production decreases sharply
w1th the Shlft to dryland production at a water cost of $40 48 per acre foot._}ft
Soybean production remains at the max1mum allowed in the analysis up; toiabf
water cost of $48 35 per acre—foot and thenbshlfts out ofbproductlon.ivThe i::;'
production of wheat 1ncreases’as the cost‘of water increases because 1t 1s theeu
pmost profitable dryland alternative." | R
Crop output shifts due to 1ncrea31ng water costs that were estimated.w1th
~ the assumed set of hlgh crop prices (Table 2) are 31m11ar to: those developed at
‘average crop prices. Notable exceptions are (1) cotton production 1ncreases to>
»Vthe max1mum allowable at. a water cost of $48 18 per acre—foot and is. sustalned‘
Vat thlS level until the cost of water reaches $ll7 ll and (2) soybean produc-";
thlon remains at zero throughout the range of water demand

R Wlth 1ow crop prlces assumed there ‘was no irrigation, hence no cropplng

- pattern shifts due to changes in demand for water. Regional output under drylandf

productlon and low crop prices was estlmated to be 61 mllllon bales of cotton,

12 mlllion hundredweight of grain sorghum and 12 mllllon bushels of wheat,<:;f>



u Tablevl{' EXpected Long Run Schedule of-Crop Output_at Alternative'LevelS of Costs for'Ifrigatibn Watér; Texas
' High Plains® . ST . : : ' L ' ' ‘

Cost per acre-foot of water abplied

Ttem . TUnits §73.88b  $24.17 T$34.96  §38.00 $40.00  $40.48.  §48.35
o 1,000,000
Crops - o
Corn ~ bu.  148.94  115.18  ° 15.84 - 15.84 ..  -0- S -- -0~
Cotton = 1b. 1203.50 203.50 203.50 © - 203.50 203.50 = 61.05 ©  61.05
Grain Sorghum . cwt. . .29.25 - 40.01 . 40.01 - 12.00 14.16 - - 14.16 .18.90
‘Soybeans - bu. 11.06 11.06 11.06  11.06 11.06 11.06 0=

Wheat. - bu. 12.14 - 16.74 - 30.28 .~ .30.28 30.28 ‘ 30.28 30.28

‘3Based on.assumptioné of average~crop'prices aﬁd 1975 prices for inputs.

bCurrént cost to-pump one acre-foot of water.



"Table 2..“Expected Long 3nn Schedule of Crop Outﬁut'at Alternative Levels of Costs for Irrigation Wa;er; Higﬁ Crop Prices, Texés High Plains®

Cost per acre-foot of water applied

§119.48

Item Units $23.88§. $48.18. , $57.10 $98.77 $114.93 - $116.92  '$117.11 $147.78 . $153.67‘v

: 1,000,000
Crops v .
Corn bu. 183.70 139.50 139.59  ° 105.82 6.49 - -0- - =0- C-0- . -0- -0-
Cotton "~ 1b. '203.50 -404.00 404.00 404.00 404.00 . 404.00 343.40 343.40 172,98 61.05
Grain Sorghum cwt. 32.70 32.70 29.25 40.01 40.01 42.95 42,95 12.88 ©-18.90 18.90
Soybeans - bu. -0- -0- . -0- -0~ -0~ -0- -0- -0- -0- - =0-

- Wheat ~ bu. 12.14 C12.14 0 12,14 16.74 30.28 30.28 30.28. 30.28

30.28

30.28

VaBased_on:aésuﬁpﬁibns- of high. crop prices and 1975 prices for ihpﬁts;

b . ' ; :
~“Current cost to pump one acre=foot of water.



}Effect‘of Natural Gas Price

The expected long run irrigated land adjustments assoc1ated with in—i
-creases in natural gas prices,glven average =crop prlces (Table 3) are not
31gn1f1cant up to a pr1ce of $2 15 per thousand cub1c feet of natural gas.~
"1The maJor effect is a reductlon in net returns to.the producer. ~Howeuer;tat 557

natural gas prlce of $2. 15 per thousand- cubic feet, demand for natural gas andﬁg

virrlgatlon water decreases by over 40 percent compared to levels demanded at
'._'the 1975 natural gas price of $.88 per thousand cubic feet. Irrigatedgacreagecf

decllnes by 35 percent and output of graln is 31gn1f1cant1y relatlve to 1973

7f productlon levels,

Irrlgated acreage, groundwater pumpage “and crop output steadlly decllne h%°
'-as the pr1ce of natural gas’ is 1ncreased above $2 15 and 1rr1gat10n ceasesvat
.a price of»$3.69_per thousand cubic feet'of.naturai_gas., |

These resuits’indicate the'sensitiﬁity of irrigation and'agriculturaladQE{T
- put onuthe Texas High Piains to natural gas prices that cOuld'occurﬁincthe,w
“nextiseveral nonths.f Without corresponding crop price 1ncreases, falrly rap1d~r
economic exhaustion of the grounduater used for 1rr1gat10n is expected 1f o

natural gas prices rise substantially;.i;e,, in excess of $2.00 per 10Q5cubic*feet;

Conclusions and Limitations
1L 'Irrigated agricuiture on the Texas High PlainsVisvvulnerablehto“crdp;g
. prices;';At crop.price 1eve15_equa1 to the 1ow.ovér'the.paSt four years;fh: ”
'economic exhaustiondbf the watergsupplybhas'alreadf occurred,vv e
| :2} Increases.in the”natural gas price will have little orino effect_ondthe
[demand for 1rr1gation water or lenel of - crop output unt11 it nears $2 00 per i

thousand‘cublc feet. Previous studies indicate that 1mmed1ate adJustments w1ll



vTabie 3. Expected Effect of Natural Gas Prlce on Quantity of Natural Gas Demanded Irrigation,
' and Agricultural Output, Texas High Plains . :

Price Per Thousand Cubic Feet.of Natural Gas

© Item . Unit s.886  $.91 $2.15  §2.50  $2.73  $2.79  $3.69
| ‘ ~——-1,000,000
‘Natural Gas 1000 cu.-ft.  30.10  29.21  17.39  9.25  7.36  3.22 -0~
Water® . Ac.-ft.  3.45 3.35  2.00 1.06 .85 .37 -0-
Irrigated Crops = Ac. -  2.57 - 2.57 167 .87 .72 .32 -0- .
:‘Crop Output j : o ’ , : B : f.: f
Corn bu. . - 148.94 115.18: 15.84 15.84 - =0- . -0- ~0-
Cotton = - C1b. . 203.50 203.50  203.50  203.50  203.50 ~ 61.05  61.05
Grain Sorghum cwt. 29.25  40.01  40.01 12.00  14.16 = 14.16  18.90
Soybeans bu. . 11.06 - 11.06 11.06 11.06 11.06. 11.06  -0-

Wheat bu.  12.14 . 16.74 - 30.28  30.28  30.28  30.28  30.28

8Based on asSumptions of aVerage crop prices and 1975 prices for inputs (eXCept natural‘gas)

bCurrent'prlce of natural gas. Quantity of natural gas demanded irrigation and crop output remain
unchanged from a natural gas. price of zero up to $ 91 per thousand cubic feet. '

vEffective quantity of water applied to crops;

T



 :.12
'.#qtlﬁe sigﬁificant'(Lacewell), hoWever,fthis study“shows”thét fheblgég_igﬁﬁ
adjusfmeqts.whére fixed,an& variéble éosts both must be;cdnsidefed wiliiﬁé |
'dfamétin_ Incfeaseé in the price of nétﬁraljgas above1$2;00, coupledcwithf 
‘other fa;tors Which“lead to‘increased pumpiﬁg:cosfs,.ﬁili result in gevefe<'
‘redﬁgtiqns‘in.irrigated acreage and crop ouﬁpgt on the fexas Higﬁ Pléiné.f 
;3; Thé conclusions frdm'this study are Subjeétbtobthe.fdllowing_@ajo;.
limitations: |
| - a. ‘Gfoundwater supplies haVe_Been assﬁmedlto beﬁhdmogenedﬁs:throughbg#yli
the study area; |
bf _Crop acreage fiexibility reé;féints‘héye beén developed using_ﬁistd?i;
".cal‘data‘frqm periods_ih whiéh fgderallfarmtprogfémsvﬁreﬁailed;;f"J
- c. ‘RisL has not Beén‘explicitly considefed;-an‘has'there‘beénfexténSi§éfﬁ
.inﬁescigation tofidentif& 'relevaﬁf'.prodﬁcﬁ;priceg in the ﬁrq&ucefs{ﬁv'
érop(selectiqn deCision;a | |
d. This LP ﬁodel stiil exhibits many Qf.thé normétive_éharacter;éiicé‘off
tﬁé tecﬁﬁiqué;baééd oﬁ tﬁe aséumbtion fhat prbducers will‘teﬁd t6

 move toward fthe"optimum_cropbselection pattern. over time. -



**
._'Professor, Department of Agricultural Economics, Texas A&M Universityiwpfv

- ‘The authors wish to express their apprec1at10n to J. Michael Sprott,~ ’

2. ' ' S
k Insufflcient data were avallable for statlstlcal analysis u31ng average for
vcorn and soybeans : : : S . :

3Weighted price for anhydrous ammonia and granular'nitrogen fertilizer;i:hf' -

"FOOTNOTES -

Technlcal Article 11981 of the Texas Agricultural Experiment Station Thislh’
research was conducted through the Texas Water Resources Institute with

.j- financ1al support prov1ded by the OWRI Department of Interior. -

*Research Assoc1ate, Texasbwater Resources Institute and ASSociate B

B. Mike Adams, and Bruce R. Beattie for their participation in the research
underlying thls art1cle and helpful suggestlons in writlng B

1 : Sl el
: Net returns to producers in this study are. defined as ‘income above return to ;

management dryland, and other resources.

4Corn"@,$l.95/-bu.; Cotton @ $.31/1b.; GrainvSorghum'@v$3,10/cwt.;;Soybeans @‘Aéf

$4.27/bu.; and Wheat @ $2.60/bu.

. 5Corn @ $1.12/bu.; Cotton @ $.18/lb;; érain.Sorghum @ $1.86/cwt. ; SoybeanS?@;vigf
. $2.30/bu.; and Wheat @ $1.34/bu. L : B P TR

6C0rn @ $3;46/bu.§ Cotton #‘$.67/ib.; Grain”Sorghum-@ $5.96/¢wt§‘$oybeans.@ﬂ? ‘

$7.75/bu.; Wheat}@‘$5,35/bu,

7Correlatlons between crop prices were positive: based on . 1969 73 data and the f

1east relatlonshlp found was between cotton and soybeans (. 88)

8Lacewell reported in a previous study" con81der1ng only short run adJustments o

(using variable production costs), that no significant adJustments would' occur

below a price of $2.64 per thousand cubic feet of natural gas. These: findingsi

~ are not contradictory since these long run adjustments include. con31deration

of total productlon costs which must be covered over tlme
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