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Abstract

Our country's climate shows great changes bothinte tand space. These changes are also reflecteayooultural
productions that also sometime presents substadififrences from one year to another and from am& to another.
Based on statistical analyses on large arrays drgeit results that in Romania, the dry years @mevery high
proportion going up to 70%.

For getting to knowing requirements from water ofjon agricultural crops, by the study achieved nhaithe
necessary dimensioning of water for irrigationsngsthe climate deficit method has been considered.

From the chronological sequence analysis of yeansler the climatic deficit, the change of this ipasitive way that
leads to the need for irrigations is come out. @itlee set of climatic parameters, the model tharapimates the best
the evolution tendency as some parametrical egostleas been studie@ince 2009, for the next 57 years the trend
line of the evolution of climatic deficit is clegiihcreasing in the months May-August.

Keywords: climatic deficit, potential evaporati@weat, not exceedingsurance, monthly net norm of irrigation,
rainfall.

1. INTRODUCTION 2. CALCULATION OF NET NORMS OF
MONTHLY IRRIGATION AT

On the irrigated lands, with the optimal soil DJEFERENT CALCULATION ENSURING

moisture, covered with dense uniform cultures,

the total consumption of water from soil has with climate data from Titu meteorological
maximum values and coincides with the termstation’ of influence on the Ogrezeni Titu
of potential evaporation-sweat (BT and for jrrigation system, “climate deficitA(= ETq-P)
moisture and vegetation conditions existing at afor the expression of the two parameters of

time, the actual evaporation-sweat one. calculation (Msi ET,) has been used [3];
The deficit climatic is determined by
comparison  between the total water Mo=K (ET,- P) =k- 4 )
consumption (potential evaporation-sweat) and
soil moisture provided in soil by rainfall [1]: ET,=A(ET,-P)=1-4 (3)
A=ET,-P (1)
Study objectives: Using the g d, na & ando, coefficients, it is

- Presentation of the methodology for demonstrated that the two parameters (k) and
calculating the water requirement for irrigation (1) have the following expressions:

for each month of warm season and at various d,(1-d,)-a

insurance of calculation (50% and 80%) using k=n,— > 4)
the climatic deficit method [2]; 1-a

- Presentation of climatic evolution

chronological sequence of the years 1966-2008 A= k+M (5)
and the evolution tendency of climatic deficit 1-a

until 2065.

-ds is the coefficient of soil, coefficient
indicating the participation share of water from
soil at the covering consumption by
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evaporation-sweat  calculated on the -k - is a luminosity coefficient properly to
experimental fields ICITID; geographical position of meteorological

- d. is the crop coefficient. It is come out that station.
(d) and (d) are coefficients whose values To calculation of potential evaporation-sweat
result from the data published in our literature. ET, the following indexes are determined:
From many calculation relations of potential - multiannual average temperatuge (C) for
evaporation-sweat (ET,) the climatic every month for the period of (N) years;
parameters are used, in Romania, the- thermal index in the month (j)in=(tn/5)">"*
Thornthwaite’s equation has been usedfor t,;>0;
employing the average values of monthly - thermal index of the area, from relation (7) :
temperatures and the latitude of Titu 1=}y,
meteorological station of influence on the Titu- — empiric parameter “a”, according to relation
Ogrezeni irrigation system: (8).
It is come out that the climatic factors which
100, mm rule the consumption process by evaporation-
ETp =16[€|—"J [k [hamomh} (6) sweat are integrated in the climatic deficit
A=ET, — P, that monthly varies along the (N)

where: whole row of years.

- ETpi - is potentialevaporation-sweat for  But, at the same climatic deficit stats) Every
the calculation month (j) from the year (i); crop that differently influences both as
- t - is average temperaturCj of every consumption rhythm (EY and by need
calculation month (i) from the year (i); irrigation standard (), influence expressed

- | - is thermal index of area where the by the two parameters (k) and) (calculated
meteorology statio n is located and thG} surfacewith the relations (4) and (5). That is why, the
arranged for irrigation calculated with the calculation ensuring is applied only to establish

relation: the valueA=ET,— P to the two levels:

J=12 =12t M - ensuringof not exceeding defiaif 80%,with
|=Zim—=2[%j (7) values distributed over the months IV-IX,
o= =t necessary hydraulic dimensioning and

(valabik pentru > 0) constructive of system for the month of

maximum water consumption for irrigation
The parameters values (a) and (l) are constant(jyly) and verifying the source volume;
for a meteorological station and during the . ensuringof not exceeding deficit of 508th
years of observation (N). The terms yajyes distributed over the months IV-IX,
significance from the relation (7) is the necessary base for economic and technical
following: _ , efficiency of investment, constructions and
- In - is thermal index of month (j), whose equipping of the system as well as operating
values are according to the multiannual parametersmultiannual: net consumption of
average temperature of air in this mont);(t water for irrigation, average power
- 1, -is the multiannual average temperature Ofconsumption for pumping water, average
every month of calculation (I-XII), or normal myitiannual expenditure for maintenance and

- O : . :

of calculation month,C; _ repairs. In order to determine the insurance
- a -Is aempiric parameter determined by theparameters of calculation thee stages are run:
relation: - stage I, which sets parameters P, 4) for

3 ) . each month of the row of (N) years analyzed,;
a=(6,75- I’=771- 1"+1792001 +4923900)10 Table 1 is drawn. On the right side of the table
(8) calculations necessary to determine the insured
values of the three parameters (ETPAP,is
running, as follows:
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. in column (19) the algebraic sum of the a) Optimization of crop plan and the

climatic deficit in the period April - September, establishment of crop coefficients)dnd soil

of each year, in chronological order (ds):

A :( :é Aj) is listed: b) Calculation of irrigation monthly norm to
ensure 80% contains:

* in the column (20) chronologic year, the values of climatic parameters P and

copying column (0) is listed; A) for each month are found the last line of
= in column (21) the chronological sequence Table 5, (average values) and are the same for
1 all crops;

= N are numbered, — determine the coefficientj = Pj / ETpj for

= in column (22) not exceedingthe  each month fjof vegetation season
insurance value (An) corresponding year (i) — using the relation (4) the parametey) (for -
calculated by the empirical relationship €ach crop (i) in the calculation month (j) is

Cegodaev is written: alculated; (for k<0, it does not irrigate; ¥=0)
—i4+07 —using the relation M=kj- A; the monthly
Yeay 100 N+04 , % (9 irrigation norm for a crop (i) and month (j) is
' calculated:;

— after calculating norms of all crops that are
irrigated in one month (i) the monthly
irrigation norm as weighted average on the
crop plan is calculated

* in column (23) the valuesA{) from column
(19) in descending orderAl) max --..- A minis
written. Simultaneously the column (24) is
filled, identifying the year corresponding value

(A|) from column (23) i D(llq for the month J
- stage Il, which established parameters Zizz...m(p y Mq.)
(ETp, P, 4) for each month in insurance of: MO, eq pong = b ———— { mm }(10)
a) — 80% 100 haCmontt( )
. from column (22) of Table 1 at around

80% 5 successive values over 80% and 5—  specific flow rate in the month (j)
successive values below 80%, resulting a total

number of 11 values are taken; | MO, e pond (hagn";th
. every insurance from the 11 values () a % | 5qa) = 8.6acT [ daysj (11)
month

certain valué :\)jAj) of the same table in
i

c) The calculation of the monthly irrigation
X norm at the ensure of 50%
= every Va|Ue(z,\,A,-)i from the column  _, values of climatic parameters (ETP, A)

(23) and it is identified in the column (19) is are the values determined at the ensuring of

taken, then all value of respective year are50%_ (last line of_TabIe 2); : .
introduced into Table 2. d) It is the graphic representation of changes in

. arithmetic average of values row (11) specific flow rates (q) in the season months of

for parameters (ET P, A) for each month (j) of vegetation at the providing 80% and 50%.
the warm season (IV - IX) corresponding to
insurance Arx 80%.

column (23) results;

3. EVOUTION TRENDENCY OF
b) — 50% CLIMATIC DEFICIT FOR EACH

. MONTH OF WARM SEASON
= to reduce the calculation volume, for the
ensuring ~ of 50% the average annual values].he climatic evolution of the area was

from Table 1, last line are accepted. L . .
. AL - highlighted by analyzing data from the Titu
'El;go/estagl(l)ip the mct)nthly |rr|gat|9n limits - of meteorological station for a period of 43 years
oan 0 SOme stages are run. (1966-2008) on the dynamics of potential
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evapor ation-sweat, the rainfall and climatic two sizes). The following issues [4,5] are
deficit of water (as the difference between the separated:

CLIMATIC DEFICIT EVOLUTION I MOHTHS OF IRRIGATION SEASON ON CHRONOLOGICAL SEQUEHCE OF CALCULATION YEARS (1965-2008) AND EVOLUTION TENDENCY UNTIL 2085 AT TITU
METEOROLOGICAL STATION

GRAPH
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GHRONOLOGICAL SEQUENCE OF CALGULATION TEARS (M=43) AND FORECAST UNTIL 2065

Figure 1 Evoution trendency of climatic deficit for each month of war m season

m In terms of rain-measurement during 1966- * - the months July and August present in
2008, it was revealed alternating rainy years86% of studied years the positive values of the
(annual quantities greater than 700 mm) withclimatic deficit , the application watering is
poor rainfall years (annual amount less thanreceived,;
500mm). * - In September, 74.4% of the years studied,
m From the chronological sequence analysisthe positive values of climatic deficit are
of calculation year, as the climatic deficit the shown, which requires the implementation of
following aspects are come out: irrigation;

* - In April of vegetation season, as a m Given this set of climatic parameters, the
percentage of 60.5% of observation period theissue of finding a model that best approximate
climatic deficit values are positive, watering is the tendency of the data evolution as
necessary to apply, and in 39.5% from period,parametric equations arises. This model is the

irrigation are not required; linear model, the linear regression function as
* - In May of vegetation season, in 76.7% of form:

years positive values of climate deficit are y = ax+b

recorded, requiring the application of irrigation, Calculations have been made with EXCEL

and 23.3% of years the rainfall quantities spreadsheet program. The cloud of points

exceed potential evaporation-sweat valuescorresponding to the two  vectors

watering are not necessary; (chronological years and climatic deficit) is
* _In June, the values of climatic deficit are achieved regarding the data table as a linear

positive in 88.4% in the years studied, which function. It points out a point’s graphic of type

requires the need for watering, and in 11.6% ofXY (Scatter).

years significant drop of rainfall are recorded

and watering is not necessary;
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Table 1 Calculated values (ETP;;) and (A;;) during period 1966-2008 (N=43) and ensuring calculation to the Titu
station

Ensuring calculation
Tdentif
Year April May June July August September S e | Eas | Ordered | T2
eficit
s Chron. | mo. | (%) | deficit
ETp| P A |ETp| P | 4 |ETp| P A |ETp| P | A |ETp| P | & |Elp| P A year Sum
[] 1 2 [ ¢ 10 13 19 0 21
711 [ 378 [1383 BT [ Mo7 | 1086 |1
041 | 164 [1300 118 | 1961 [ 1947 | 2
326 A 1351 L8 | 3535 | 1948 [ 3
1891 -758 [1218 437 [ 1023 | 1949 | 4
303 (1362 0, 182 1970 | 3
1254 1971 f
137.7 1971 | 7
130.0 1973 i
130.0 1974 [ 10
133.7 [EEE U
129.1 1976 [ 11
1362 1977 | 12
129.1 1978 [ 13
1167 1978 4
1310 1980 [ 15
1271 1981 [ 14
146 1982 | 17
137.1 1983 [ 18
1115 1984 [ 19
133,7 1983 [ 20
140 1986 [ 21
150.0 1987 | 22
1539 1988 [ 23
1314 1980 [ 24
288 1352 1990 [ 15
11LE[ 112 [139,1 1991 [ 2§
863 | 353 [1337 19 |27
301 | 645 [130.0 1993 [ 18
119.7] 43 [1400 1994 | 29
400 | T84 1485 1995 [ 30
00 | 447 (1301 1986 | 31
414 | 892 1997 [ 32
487 | 834 1998 [ 33 .
1999 | 558 413 | 851 [151.% 1990 [ 34 | 213 | 1674
2000 | 687 | 18, 618 | 714 [1464 000 | 35 | o0 | 1002
1001 | 509 | 460 1285 [-1135 [1485 W01 [ 36 [ 197 | =A2
1001 | 470 | 105 600 | 760 [1514 02 [ 37| 154 | 87
13 [455 | 300 g | 1114 (1431 Wiz | 3] 11 7.7
1004 [544[414 506 | 687 [1400 605 | 705 | 1200 W [ 39 ] 108 | 404
1005 | 509 | 502 1217 -78 [1352]149.2]-140 | 1210 HIEHE 3 413
1006 | 564 | 50.6 51 | 784 [1437[418 [1000] 1223 006 | 4 6.1 -115
7 |574] 44 320 [ 1114 [1649 150 [149.0] 1363 007 [ 42 ] 30 158
28 | 508 (1036 33,0 | 1005 |140,0 [ 89.0 | 51,0 [ 1384 W08 | 43 ] 16 | 1558
Avera | 51,0 | 484 TL1 | S04 (1363 | 7E0 | 600 | 1103
| Ee

Table 2 Determination of climatic parameters (ETp, P si A) in the months of vegetation season (1V-1X) to
ensuring of 80%

(Crt| Year 3-'-'1 Year April May Tune Tuly Angust September
no. | ens.fe M ETp | P A JETp | P A4 | ETp p A ETp P A ETp P A ETp P A
T
0 1 2 3 4 5 7 g 9 10 11 12 13 14 17 20 21
1] 914 [3778 1802 )5 23,8 855 | 395 | 460 J121.6| B63 | 353 | 1337 384 58 80 63.7
2| 891 |3739 |2003 | 45,5 | 52.8 | -7.3 J1250) 38,1 | 860 J142.0| 3046 [ 1114 ] 1431 302 203 111,7 | -382
3| 869 |353.5 | 1068 | 66, 32 | 620 J1166] 11.7 |1049 §131.4f 326 | @88 Q1357 119 | 1275 80,3 -0.6
4| 845 [3501 |1980 627 | 497 | 130 Q848 | 517 [351 1121 46, 1324 271 296 258 492
5| 822 (34241900 | 40,3 | 209 | 284 | 904 | 184 [ 72,0 1185 20,7 § 1352 5 192 | 978 21,3 375 32,5
d ; 3370 | 1881 J 464 | 410 [ 54 Q82T | 535 | 202 J1342 927 1271 95.0 144 | 418 T2.6 359 421
7 7. 327,5 | 2008 | 59.8 |103,6| 438 ) 95,3 | 228 | 72,5 J133.5 1005 | 140,0 | 890 510 384 0.2 1382 4.4 2.1
8| 753 [3274 1986 627 | 163 | 464 J1046| 205 [ 8B40 J1309| 764 [ 445 Q1240 | 648 502 25, 286 372 220 56,0
9| 730 [322,1 1905|403 | 145 | 348 | 88,8 | 567 [ 32,1 1164 400 764 J 1485 | 414 | 1071 313 a79 389 | -16.3
10| 708 |3161 1982 [ 388 |503 [ 75 Quood| 112 | 889 J1236( 412 824 Q1246 | 892 | 354 613 56,0 418 459
11| 68,4 |[308,9 | 1987302 | 744 [-352 ) 79,8 |104.6|-248 1276 359 | 217 Q1500 | 257 | 1243 125 | 328 79.7 17.1 73,2
Media 519 | 39,2 | 12,7 | 96,0 | 390 | 57,0 J135,7| 4466 | 791 | 13582 | 480 | 878 | 1239 | 496 743 485 238
Average
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m Given the A values in Table 1
graphical representation of the evolution of
climatic deficit in the months of irrigation
season using the ADD TRENDLINE model
(figure 1) is made.

m Since 2009, for the next 57 years the trend
line of the evolution of climatic deficit is
clearly increasing in the months May-August.

(1]

(2]
(3]
(4]

(3]
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