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(57) ABSTRACT

A method for forecasting an agricultural irrigation water
requirement includes: selecting a baseline period and crops
each with a sown area larger than a set proportion as typical
crops; calculating an irrigation water quota of the typical
crop during a growth stage according to meteorological
information; obtaining ten-day rainfall in a water-saving
area from weather stations; and calculating effective rainfall
in a sown region of the typical crop based on the ten-day
rainfall; calculating an irrigation water requirement per unit
area of the typical crop; and determining whether the
irrigation water requirement per unit area of at least one
typical crop is greater than an average of actual irrigation
water usage per unit area measured in consecutive years, if
yes, correcting the irrigation water requirement per unit area
of all typical crops according to actual irrigation water
usage; otherwise calculating a total water requirement for a
next year.

Obtaining agricultural stafistics of a water-saving area, and selecting crops each with
a sown arca larger than a st proportion as typical crops bascd on the agricultural
statistics

Obtaining ten-day meteorological information in the water-saving area in a baseline
period from weather stations in the water-saving area, and calculating an irrigation
water quota of the typical crops during a growth stage in the baseline period
according to the meteorological information

Obtaining ten-day rainfall in the water-saving area from the weather stations in the
water-saving area, and calculating sffective rainfall of the typical crops in the
bascline period based on the tea-day rainfall

'

Calculating an irnigation water requirement per unit arca of the typical crops based
on the baseline period, the irrigation water quota and the cffective rainfall of the
same typical crop

Determining whether the irrigation water
Tequirement per unit arca of at least one typical crop is greater than
an average of actual irrigation water usage per unit area measured i
consecutive years

Yes
No y

Correcting the irrigation water requircment per unit arca of all typical crops based on
all irrigation water requirements per unit area of the typical crops in the baseline
peried and the actnal irigation watcr usage per wnit arca measured in the consecutive
vears

Calculating a total water requirement for a next year by using the irngation water
| requirement per unit area of cach typical crop and a planting area of cach typical
crop for the next vear
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Obtaining agricultural statistics of a water-saving arca, and selecting crops cach with S1
a sown area larger than a set proportion as typical crops based on the agricultural
statistics

I

Obtaining ten-day meteorological information in the water-saving area in a baseline

period from weather stations in the water-saving area, and calculating an irrigation | .~

water quota of the typical crops during a growth stage in the baseline period
according to the meteorological information

S2

Obtaining ten-day rainfall in the water-saving area from the weather stations in the S3
P water-saving area, and calculating effective rainfall of the typical crops in the -
baseline period based on the ten-day rainfall

I

Calculating an irrigation water requirement per unit area of the typical crops based 54
on the baseline period, the irrigation water quota and the effective rainfall of the -
same typical crop

Determining whether the irrigation water
requirement per unit area of at least one typical crop is greater than
average of actual irrigation water usage per unit arca measured i
consecutive years

Yes
No ) . ) A ) ) $B
Correcting the irrgation water requirement per unit area of all typical crops based on |
all irrigation water requirements per unit area of the typical crops in the baseline
period and the actual irrigation water usage per unit arca measured in the consecutive
years
- - - R S7
Calculating a total water requirement for a next year by using the irrigation water |
! requirement per unit area of each typical crop and a planting area of each typical
crop for the next year
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METHOD FOR FORECASTING AN
AGRICULTURAL IRRIGATION WATER
REQUIREMENT

CROSS REFERENCE TO THE RELATED
APPLICATIONS

[0001] This application is the national phase entry of
International Application No. PCT/CN2020/095484, filed
on Jun. 10, 2020, which is based upon and claims priority to
Chinese Patent Application No. 201910968814.7, filed on
Oct. 12, 2019, the entire contents of which are incorporated
herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to agricultural irriga-
tion technology, and more particularly, to a method for
forecasting an agricultural irrigation water requirement.

BACKGROUND

[0003] Implementing a water saving precedence policy
requires controlling water use and quota management as key
elements. Much water is used for agricultural activities and
the issue of having an effective and logical method for
determining the amount of water required for agricultural
purposes has not been addressed. This is because the amount
of water used in agricultural activities is not only associated
with the agricultural crop types but also it is closely related
to other numerous factors. Factors such as climate, water-
saving technology and water-saving irrigation systems.
Agricultural water requirements are typically determined by
using the historical experience with crop types and the
average of the irrigation quota levels under the conditions
mentioned previously. Such a method to determine, is unre-
liable and cannot truly reflect the effectiveness of agricul-
tural water-saving measures without the proper verification.
Thus, causing a high use and increased cost of agricultural
water in many regions. Furthermore, without achieving the
water-saving agricultural irrigation and the lack of ineffi-
cient use of water resources, planting costs increases and
ultimately reduces the agricultural output.

SUMMARY

[0004] In view of the above-mentioned shortcomings in
the prior art, the present invention provides a method for
forecasting an agricultural irrigation water requirement,
which can accurately forecast the total water requirement for
the next year.

[0005] In order to achieve the above-mentioned objective,
the present invention provides the following technical solu-
tions.

[0006] A method for forecasting an agricultural irrigation
water requirement includes:

[0007] S1: obtaining agricultural statistics of a water-
saving area, and selecting crops each with a sown area larger
than a set proportion as typical crops based on the agricul-
tural statistics;

[0008] S2: obtaining ten-day meteorological information
in the water-saving area in a baseline period from weather
stations in the water-saving area, and calculating an irriga-
tion water quota of the typical crops during a growth stage
in the baseline period according to the meteorological infor-
mation;
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[0009] S3: obtaining ten-day rainfall in the water-saving
area from the weather stations in the water-saving area, and
calculating effective rainfall in a sown region of the typical
crops in the baseline period based on the ten-day rainfall;
[0010] S4: calculating an irrigation water requirement per
unit area of the typical crops based on the baseline period,
the irrigation water quota and the effective rainfall in the
sown region of the same typical crop;

[0011] S5: determining whether the irrigation water
requirement per unit area of at least one typical crop is
greater than an average of actual irrigation water usage per
unit area measured in consecutive years, if yes, proceeding
to step S6, otherwise proceeding to step S7;

[0012] S6: correcting the irrigation water requirement per
unit area of all typical crops based on all irrigation water
requirements per unit area of the typical crops in the baseline
period and the actual irrigation water usage per unit area
measured in the consecutive years; and

[0013] S7: calculating a total water requirement for the
next year by using the irrigation water requirement per unit
area of each typical crop and a planting area for the next
year.

[0014] The advantages of the present invention are as
follows. In this technical solution, the irrigation water
requirement per unit area of the crop is determined based on
the irrigation water quota and effective rainfall calculated
through the meteorological information in the baseline
period. When less than the actual irrigation water usage, the
irrigation water requirement is corrected based on the actual
irrigation water usage to obtain a forecasted irrigation water
requirement that is infinitely close to the actual value,
thereby improving the accuracy of the forecasted irrigation
water requirement to ensure the accuracy of forecasting the
total water requirement. The irrigation water requirement is
corrected year by year to approach the actual value, which
reduces the irrigation water usage and improves the effi-
ciency of utilizing agricultural irrigation water.

[0015] Subsequently, managers of the water-saving area
utilize the accurate total water requirement to maximize the
planting area while meeting the water requirement planned
by the Ministry of Agriculture, thereby ensuring the ultimate
economic benefits of the crops.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIGURE is a flow chart of the method for fore-
casting an agricultural irrigation water requirement.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0017] Hereinafter, the specific embodiments of the pres-
ent invention are described to help those skilled in the art
understand the present invention. However, it should be
noted that the present invention is not limited to the scope of
the specific embodiments. For those of ordinary skill in the
art, as long as various changes fall within the spirit and scope
of the present invention defined and determined by the
appended claims, these changes are obvious. All inventions
and creations using the concept of the present invention shall
fall within the scope of protection of the present invention.
[0018] As shown in Figure, a method for forecasting an
agricultural irrigation water requirement includes steps
S1-87.
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[0019] Step S1: agricultural statistics of a water-saving
area are obtained, and crops each with a sown area larger
than a set proportion are selected as typical crops based on
the agricultural statistics.

[0020] In an embodiment, a crop with a proportion of
larger than 10% of the total sown area of the crops in the
water-saving area is determined as the typical crops, and has
a sown area denoted by A,, (i=1,2,3, . . . n) , wherein i
denotes the type of the typical crop in the water-saving area,
and n denotes the total number of the typical crops.

[0021] Step S2: ten-day meteorological information in the
water-saving area in a baseline period is obtained from
weather stations in the water-saving area, and an irrigation
water quota of the typical crop during a growth stage in the
baseline period is calculated according to the meteorological
information.

[0022] Inan embodiment of the present invention, step S2
further includes:

[0023] S21: according to the meteorological information,
ten-day potential evapotranspiration of the typical crop in
the baseline period is calculated by using a Penman Mon-
teith (PM) equation expressed as follows:

900
0.408A(R, - G) + Y3073 Usle, —eq)

ETo = A+ y(1 +0.340,)

[0024] wherein, ET, denotes the ten-day potential evapo-
transpiration of the typical crop in the baseline period; A
denotes the slope of the saturation vapor pressure-tempera-
ture curve; R, denotes the net radiation at the canopy of the
typical crop; G denotes the soil heat flux; y denotes the
psychrometric constant; T denotes the mean temperature; U,
denotes the wind speed at 2-meter height; e, denotes the
saturation vapor pressure; e, denotes the actual vapor pres-
sure;

[0025] S22: a ten-day water requirement of the typical
crop is calculated based on the ten-day potential evapotrans-
piration and a ten-day crop coefficient of the same typical
crop during the growth stage as follows:

ET,; x=EToxKc;z;

[0026] wherein, ET, ;, denotes the ten-day water require-
ment of the typical crop i in the k” ten-day period of the
growth stage in the j* year, in mm; Kc, ; denotes the ten-day
crop coefficient of the typical crop i in the k” ten-day period
of the growth stage; and

[0027] S23: all ten-day water requirements during the
growth stage are accumulated as the irrigation water quota
ET,, of the typical crop as follows:

5
ET,; = Z ETo;xKeiy.
k=1

[0028] Step S3: ten-day rainfall in the water-saving area is
obtained from the weather stations in the water-saving area,
and effective rainfall in the sown region of the typical crop
is calculated based on the ten-day rainfall.
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[0029] Inanembodiment, the effective rainfall in the sown
region of the typical crop is preferably calculated based on
the ten-day rainfall and the ten-day water requirement by the
following steps:

[0030] S31: according to the ten-day rainfall, the ten-day
areal rainfall of the typical crop in the baseline period is
calculated by a spatial interpolation method as follows:
[0031] when the terrain elevation of the water-saving area
and a distance from a point used in the weather station to a
calculation area center position are lower than a set eleva-
tion, the ten-day rainfall of the typical crop in the baseline
period is calculated by a Thiessen polygon method; and
[0032] when the terrain elevation of the water-saving area
and the distance from the point used in the weather station
to the calculation area center position are greater than or
equal to the set elevation, the ten-day areal rainfall of the
typical crop in the baseline period is calculated by an inverse
distance weighting method;

[0033] S32: the ten-day rainfall PE, ;, is obtained accord-
ing to the ten-day areal rainfall and the ten-day water
requirement of the same typical crop in the same ten-day
period as follows:

P. Ei,j,k:min(P ij,kxETi,/',k);

[0034] wherein, P, ; denotes the ten-day areal rainfall of
the typical crop iin the k™ ten-day period of the growth stage
in the j” year, in mm; and

[0035] S33: all ten-day rainfall during the growth stage is
accumulated as the effective rainfall PE, ; in the planting area
of the typical crop as follows:

.
PE;j = )" min(P, jx, ET, j4),
k=1

(i=1,2,3,...mj=1,2,3, ...mk=1,2,3... ).

[0036] Step S4: the irrigation water requirement per unit
area of the typical crop is calculated based on the baseline
period, the irrigation water quota and the effective rainfall in
the sown region of the same typical crop; wherein a method
for calculating the irrigation water requirement g, per unit
area of the typical crop i includes:

[0037] S41: the irrigation water requirement IR, ; per unit
area of the typical crop i in the j” year is calculated as
follows:

IR, ;=ET, ~PE
[0038] S42: according to the irrigation water requirement

IR, , the irrigation water requirement ¢, per unit area of the
typical crop i is calculated as follows:

(=1,2,3,...#,j=12,3,...m); and

1,j?

4 =Z;q‘.j=z;mi,j/m, (i=1,2,3..mj=1,23,...m.
= =

[0039] Step S5: it is determined whether the irrigation
water requirement per unit area of at least one typical crop
is greater than an average of actual irrigation water usage per
unit area measured in consecutive years, if yes, proceeding
to step S6, otherwise proceeding to step S7.

[0040] Step S6: the irrigation water requirements per unit
area of all typical crops are corrected based on the irrigation
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water requirements per unit area of all typical crops in the
baseline period and the actual irrigation water usage per unit
area measured in the consecutive years;

[0041] wherein, a calculation formula for correcting the
irrigation water requirement per unit area of the typical crop
is expressed as:

m i’
PIADIE
= &1

= -

qi = n

(i=1,23.nj=1.. ,mg=1 ..,k

[0042] wherein, g, denotes the irrigation water require-
ment per unit area of the typical crop i, in m?; q,; denotes the
irrigation water requirement per unit area of the typical crop
i in the j* year, in m®; m denotes the baseline period; Qg
denotes the actual irrigation water usage of the typical crop
i in the g” year, and is directly calculated from the water
usage published by government departments and the corre-
sponding planting areas of the typical crops, in m>; n denotes
the total number of the typical crops; and k' denotes the
consecutive year.

[0043] The duration of the baseline period is 5 years,
namely the previous 5 years of the next year. For example,
the next year is 2020, then the baseline period refers to 2015,
2016,2017, 2018, and 2019. The consecutive year can select
the data of the previous consecutive years adjacent to the
forecast year.

[0044] Step S7: the total water requirement for the next
year is calculated by using the irrigation water requirement
per unit area of each typical crop and a planting area for the
next year. Step S7 further includes:

[0045] S71: the theoretical water requirement of each
typical crop for the next year is calculated by using the
irrigation water requirement per unit area of each typical
crop and the planting area for the next year as follows:

0,=qx4,(i=1,2,3, . . . n);

[0046] wherein, Q, denotes the theoretical water require-
ment of the typical crop i for the next year; A, denotes the
planting area of the typical crop i for the next year; and
[0047] S72: the theoretical water requirements of all typi-
cal crops are accumulated to obtain the total water require-
ment Q for the next year as follows:

0=>10.6=1.23 .n.

i=1

[0048] In an embodiment of the present invention, the
method for forecasting the agricultural irrigation water
requirement further includes:

[0049] correcting the total water requirement for the next
year, wherein
[0050] the planned water usage (which can be determined

through plans published by government departments) for the
next year is obtained and compared with the total water
requirement;

[0051] when the total water requirement is larger than the
planned water usage for the next year, the planting area of
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the typical crop is adjusted according to an adjustment
strategy, and returning to step S7; and

[0052] when the total water requirement is less than or
equal to the planned water usage for the next year, the total
water requirement for the next year and the current planting
areas of all typical crops are output.

[0053] The adjustment strategy includes: reducing the
planting area of the typical crops with the smallest economic
value according to a set threshold; or reducing the planting
area of the typical crops with the largest irrigation water
requirement according to the set threshold; or reducing the
planting areas of all typical crops according to a preset
proportion; wherein the set threshold is greater than the
preset proportion.

[0054] The method provided by this technical solution
will be described below with reference to the following
specific examples.

[0055] In the present embodiment, the water-saving dem-
onstration test area in Cangzhou, Hebei Province, China is
taken as an example: the irrigation water requirement
thereof is forecasted by using 2010-2014 as the baseline
period, and 2015 as the next year.

[0056]

[0057] Based on “Hebei Statistical Yearbook™, “Shijiaz-
huang Statistical Yearbook™ and “Cangzhou Social and
Economic Statistical Information”, the agricultural planting
structure and the sown area of the corresponding crops in the
Cangzhou water-saving irrigation test area during the base-
line period (2010-2014) are obtained as shown in Table 1,
wherein others in the Table include sorghum and beans. The
proportion of the sown area of each crop in the total sown
area of regional crops is calculated to determine the crop
with a proportion of larger than 10% of the total sown area
as the typical crop. In this way, the determined typical crops
mainly include winter wheat and corn.

Determination of Typical Crops

TABLE 1

Statistics of crop planting area in Xinhua District

Sown area (hectares) Proportion (%) of the sown area

Others Others
Winter (sorghum  Winter (sorghum
Year wheat Corn and beans)  wheat Corn and beans)
2010 2688 1800 59.89 40.11 0.00
2011 2096 1686 55.42 44.58 0.00
2012 1503 1571 45 48.19 50.37 1.44
2013 1485 1414 47 50.41 48.00 1.60
2014 1119 1148 42 48.46 49.72 1.82

[0058]

[0059] Since the sparseness of rainfall stations will affect
the accuracy of determining the meteorological information,
the Cangzhou weather station is selected through the
national weather station network and the weather monitoring
data in Cangzhou. Specifically, the Cangzhou weather sta-
tion, the Botou weather station, and the Cang county
weather station are selected because they are relatively close

Acquisition of Meteorological Information
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to Xinhua District. The daily typical information on meteo-
rological elements, including daily data of rainfall, tempera-
ture, wind speed, humidity, and vapor pressure, of the
weather station in the baseline period is collected to obtain
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TABLE 2-continued

Potential evapotranspiration in Xinhua District

; ° ) Reference year 2010 2011 2012 2013 2014
ten-day meteorological information.
Middle ten days of May 50.20  46.58 53.22 4470 49.04
[0060] Determination of the Irrigation Water Quota for the Last ten-day period of May ~ 57.24 5496 5459  58.10 54.23
Typical Crops During the Growth Stage in the Baseline Flrlst ten-day period of June  52.78 51.63 5034 4820 51.26
. Middle ten days of June 53.48 58.92 56.13 43.53  49.94
Period Last ten-day period of June  49.12  45.61 5548  48.59 41.15
. o, . First ten-day period of July  48.11 46.14  50.29 38.75 38.58
[0061] ~ The ten-day potential evapotranspiration ET, inthe  \riggie ten days of uly 423 4778 4054 4701 3699
baseline period of the typical crop is calculated by using the Last ten-day period of July ~ 48.67 4420 4893 4411 36.82
PM equation according to the obtained meteorological infor- First ten-day period of 39.61 3623 3947 3582 32.25
mation. Table 2 shows the ten-day potential evapotranspi- August
tion. ) i y P evap P! Middle ten days of August ~ 36.06 3584 4488 3794 30.87
ration in the baseline period of Xinhua District. ET, is Last ten-day period of 4051 4177 4538 3844 3295
multiplied by the ten-day crop coefficient Kc of the typical August .
crop to obtain the ten-day water usage of the typical crop in ls:ler;;t;l;';ay period of 3139 32100 3617 3289 27.58
the baseline period. Middle ten days of 2630 3328 3252 2480 25.62
y:
September
TABLE 2 Last ten-day period of 28.76 27.13 28.42 22.56 23.26
September
Potential evapotranspiration in Xinhua District g;fgg:_day period of 2363 26.21 28.53 2186 1947
Potential 1021.33 1015.73 1071.50 956.13 898.97 October )
evapotranspiration IIillrst tel;—day period of 12.03 13.43 15.63 13.68 10.65
(IHIH) Qvem cr
First ten-day period of 804 677 667 730 833 i\q/hddlebteﬂ days of 1047 1128 1346 1179 876
January ovember )
Middle ten days of January 812 731 692 7.03 838 ;ﬁSt tel;'day petiod of 8.69 1085 1077 7.9 738
Last ten-d iod of 10.25 9.70 800 1124 946 ovemnoer
. ast ten-day period o First ten-day period of 681 841 938 771 629
Firt ton-day period of 1080 1090 084 888 1132  Lecember
F‘rgt ten-day period o : . : . : Middle ten days of 656 618 753 838 576
ebruary December
Middle ten days of 1191 13.00 11.20 11.36 12.80 Last ten-day period of 6.85 210 8.97 921 590
February December
Last ten-day period of 12.94 11.94 11.13  11.13  10.32
February
First ten-day period of 2124 17.57 2259 1649 19.16 [0062] The crop coefficient is obtained by combining the
March data of crop growth tests in Hebei Province and Cangzhou
Middle ten days of March 2692 2126 2376 23.87  22.62 City. The growth stage of winter wheat in Xinhua District
II\“/I&St Elen'day period of 3326 3215 3189 2859 3259 starts from late September to mid-June of the next year, and
arc. bt
Pstedypeiodof 333 322 33w s asss e SOV Seee OEumer cor Sare fom mitoTue
April : S .

: ; coeflicients of winter wheat and summer corn throughout the
Middle ten days of April 4183 37.64  39.69 2922 3410 flicients of winter wheat and thro t th
Last ten-day period of 4096 3942 4444 3592 40.56 growth stage. The water usage for all ten-day periods during
April the growth stage are accumulated as the irrigation water
First ten-day period of May ~ 40.30 4544  47.19 4483 37.94 quota of winter wheat and summer corn, as shown in Table

4,
TABLE 3
Main crop coefficients (Kc) in the baseline period
P p
Initial Rapid Middle
growth Freeze- Overwintering  growth growth Mature
Crop  Duration/K, stage thaw stage stage stage stage stage
Winter Duration September 27- November 28- December 6- March 19-  April 28- May 31-
wheat November 27 December 5 March 18 April 27 May 30 June 15
K, 0.6 0.6-0.4 0.4 0.4-1.17 1.17 1.17-0.4
Summer  Duration June 18- July 5- August 2-  September 3-
corn July 4 August 1 September 2 September 26
K, 0.55 0.55-1.14 1.14 1.14-0.59
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TABLE 4
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Annual irrigation water requirement quotas and average irrigation water
requirements of typical crops in the baseline period

Winter wheat Winter wheat Winter wheat Summer corn Summer corn  Summer corn

water effective  irrigation water water effective  irrigation water
requirement  rainfall Pe requirement  requirement rainfall Pe requirement
Year ET, (mm) (mm) quota (mm) (mm) (mm) quota (mm)
2010 1010.4 426.6 97.3 329.26 341.6 230.8 110.8
2011 1001.0 382.8 155.0 227.83 303.2 224.6 78.6
2012 1076.0 405.7 127.3 278.41 298.3 255.8 42.5
2013 956.7 322.8 110.4 212.38 286.8 159.1 127.8
2014 900.3 283.5 181.9 101.61 237.8 169.6 68.3
Average  988.9 364.3 1344 229.9 293.6 208.0 85.6
[0063] Determination of Effective Rainfall During the TABLE 5

Growth Stage of Typical Crops

[0064] Based on the ten-day rainfall of the weather station
in the selected area, the ten-day areal rainfall is calculated by
the Thiessen polygon method, and the effective rainfall
during the growth stage of the typical crop is calculated in
combination with the ten-day water requirement of the
typical crop. The irrigation water quotas of the typical crops
in the baseline period are determined to be: 230 mm for
winter wheat and 85.6 mm for summer corn.

[0065] According to step S4 of the present invention, the
average irrigation water usage per unit area of winter wheat
in the baseline period is calculated to be 229.9 mm (2299.5
m>/ha); the average irrigation water usage per unit area of
summer corn in the baseline period is calculated to be 85.6
mm (856.5 m*/ha).

[0066] In practice, according to the measurement and
reporting of water issued by the government from 2010 to
2014, it is necessary to reduce the planting area of winter
wheat, while implementing water-saving planning projects
in the area, namely implementing structural adjustment and
water-saving technical measures for the integration of water
and fertilizer in winter wheat and summer corn. In this way,
the average actual irrigation water usage per unit area of the
test area measured in the consecutive years of 2010-2014 is
only 2346 m>ha for summer wheat and 831 m’/ha for
summer corn.

[0067]
ment per unit area of the typical crops in the baseline period

A comparison between the irrigation water require-

and the measured irrigation water requirement per unit area
of the typical crops indicates that the measured irrigation
water requirement per unit area of summer corn is less than
the theoretical value in the baseline period and thus the
theoretical value in the baseline period needs to be corrected.
In this regard, the irrigation water requirement per unit area
of summer wheat and summer corn is corrected by means of
step S6. The corrected water requirement per unit area of
winter wheat is 2083.5 m>/ha, which is 9.3% less than the
theoretical water usage per unit area. The water requirement
per unit area of summer corn is 801 m>/ha, which is 6.5%
less than the theoretical water usage per unit area. Table 5
shows a comparison among the calculated indicators before
and after the correction.

Changes in water requirement per unit area of typical crops before and
after the correction based on measured values

Indicator Winter wheat Summer corn
Reference year average (m>/ha) 2299.5 856.5
Measured value in 2015 (m3/ha) 2220 831
Correction to reference value based on 2085 801
measured value (m>/ha)
Compared with the Change 14.3 3.7
reference year average Percent change 9.3 6.5

(%)

[0068] In summary, the irrigation water requirement per
unit area obtained by the forecasting method, according to
this technical solution, is relatively close to the actual
measured value, and thus can be used to accurately forecast
the irrigation water requirement per unit area for the next
year, thereby ensuring the accuracy of forecasting the total
water requirement for the next year.

What is claimed is:

1. A method for forecasting an agricultural irrigation

water requirement, comprising:

S1: obtaining agricultural statistics of a water-saving area,
and selecting crops each with a sown area larger than
a set proportion as typical crops based on the agricul-
tural statistics;

S2: obtaining ten-day meteorological information in the
water-saving area in a baseline period from weather
stations in the water-saving area, and calculating an
irrigation water quota of the typical crops during a
growth stage in the baseline period according to the
meteorological information;

S3: obtaining ten-day rainfall in the water-saving area
from the weather stations in the water-saving area, and
calculating effective rainfall of the typical crops in the
baseline period based on the ten-day rainfall;

S4: calculating an irrigation water requirement per unit
area of the typical crops based on the baseline period,
the irrigation water quota and the effective rainfall of
the same typical crops;

S5: determining whether the irrigation water requirement
per unit area of at least one typical crop of the typical
crops is greater than an average of actual irrigation
water usage per unit area measured in consecutive
years, if yes the irrigation water requirement per unit
area of the at least one typical crop is greater than the
average of the actual irrigation water usage per unit
area measured in the consecutive years, proceeding to
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step S6, otherwise and if the irrigation water require-
ment per unit area of the at least one typical crop is less
than or equal to the average of the actual irrigation
water usage per unit area measured in the consecutive
years, proceeding to step S7;

S6: correcting the irrigation water requirement per unit
area of the typical crops based on the irrigation water
requirement per unit area of the typical crops in the
baseline period and the actual irrigation water usage per
unit area measured in the consecutive years by the
following equation:

m i’
Z g + Z Gig
=1

1
g=—o!,
m

(i=1,2,3..n,j=1,... ,mg=1,..,k)

wherein, g, denotes the irrigation water requirement per
unit area of a typical crop i; q,; denotes the irrigation
water requirement per unit area of the typical crop i in
a j” year; m denotes the baseline period counted in
years; g, . denotes the actual irrigation water usage of
the typical crop i in a g year; n denotes a total number
of the typical crops; and k' denotes the consecutive
year; and

S7: calculating a total water requirement for a next year
by using the irrigation water requirement per unit area
of the typical crops and a planting area of each typical
crop of the typical crops for the next year.

2. The method according to claim 1, further comprising:

correcting the total water requirement for the next year,
wherein

planned water usage for the next year is obtained, and the
planned water usage is compared with the total water
requirement;

when the total water requirement is larger than the
planned water usage for the next year, adjusting the
planting area of the typical crop according to an adjust-
ment strategy, and returning to step S7; and

when the total water requirement is less than or equal to
the planned water usage for the next year, outputting
the total water requirement for the next year and current
planting areas of the typical crops.

3. The method according to claim 2, wherein,

the adjustment strategy comprises:

reducing the planting area of a typical crop with a smallest
economic value according to a set threshold; or

reducing the planting area of a typical crop with a largest
irrigation water requirement according to the set thresh-
old; or

reducing the planting area of the typical crops according
to a preset proportion; wherein the set threshold is
greater than the preset proportion.

4. (canceled)

5. The method according to claim 1, wherein, step S2

further comprises:

S21: according to the meteorological information, calcu-
lating ten-day potential evapotranspiration of the each
typical crop in the baseline period by using a Penman
Monteith (PM) equation expressed as follows:

Aug. 12,2021

900
0.408A(R, - G) YT Uz(eq —eq)

ETy =
0 A +y(1+0340) ’

wherein, ET, denotes the ten-day potential evapotranspi-
ration of the each typical crop in the baseline period; A
denotes a slope of a saturation vapor pressure-tempera-
ture curve; R,, denotes net radiation at a canopy of the
each typical crop; G denotes a soil heat flux; y denotes
a psychrometric constant; T denotes a mean tempera-
ture; U, denotes a wind speed at a 2-meter height; e,
denotes a saturation vapor pressure; e, denotes an
actual vapor pressure;

S22: calculating a ten-day water requirement of the typi-
cal crops based on the ten-day potential evapotranspi-
ration and a ten-day crop coefficient of the typical crops
during the growth stage by the following equation:

ET; ;i =EToxKe; 5

i

wherein, ET, , denotes the ten-day water requirement of
the typical crop i in a k ten-day period of the growth
stage in a j” year; K, denotes the ten-day crop
coefficient of the typical crop i in the k? ten-day period
of the growth stage; and

S23: accumulating all ten-day water requirements during
the growth stage to obtain the irrigation water quota
BT, of the typical crops by the following equation:

"
ET,; = Z ETo; x Kei;
k=1

wherein, N denotes a total number of the ten-day periods
of the growth stage of the typical crops in the baseline
period.

6. The method according to claim 5, wherein,

the effective rainfall in a sown region of the typical crops
in the baseline period is calculated based on the ten-day
rainfall by the following steps:

S31: according to the ten-day rainfall, calculating ten-day
areal rainfall of the typical crops in the baseline period
by a spatial interpolation method;

S32: obtaining the ten-day rainfall PE, ; ; according to the
ten-day areal rainfall and the ten-day water requirement
of the typical crops in the ten-day period by the
following equation:

P. Ei,j,k:min(P ij,kxETi,/',k);

wherein, P, ; denotes the ten-day areal rainfall of the
typical crop i in the k? ten-day period of the growth
stage in the j” year; and

S33: accumulating all ten-day rainfall during the growth
stage to obtain the effective rainfall PE, ; in the planting
area of the typical crops by the following equation:

.
PE;j= )" min(P; iz, ET; j4),
k=1

(i=1,2,3,...mj=1,2,3, ...mk=1,2,3... ).
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7. The method according to claim 6, wherein, when the terrain elevation of the water-saving area and the
a method for calculating the irrigation water requirement distance from the point used in the weather station to
q, per unit area of the typical crop i comprises: the calculation area center position are greater than or
S41: calculating the irrigation water requirement IR, ; per equal to the set value, calculating the ten-day areal
unit area of the typical crop i in the j* year by the rainfall of the typical crops in the baseline period by an

following equation: inverse distance weighting method.
) ) 9. The method according to claim 1, wherein, step S7

IR;;=ET; ~PE;,, (i=1,2,3, .. . 1, j=1,2,3, . . . m); further comprises:
and p

S71: calculating a theoretical water requirement of the
S42: according to the irrigation water requirement IR, , each typical crop for the next year by using the irriga-
calculating the irrigation water requirement ¢, per unit tion water requirement per unit area of the each typical
area of the typical crop 1 by the following equation: crop and the planting area of the each typical crop for

the next year by the following equation:
O=q:x4;, (51,23, .. . n);

4= Zq"f = Z [Rijfm, (E=1,2.3... 0, j=1,2,3, ... m). wherein, Q, denotes the theoretical water requirement of

Fl Fl the typical crop i for the next year; A, denotes the
planting area of the typical crop i for the next year; and

8. The method according to claim 6, wherein, S72: accumulating the theoretical water requirements of
the typical crops to obtain the total water requirement

the spatial interpolation method for calculating the ten- ! :
Q for the next year by the following equation:

day areal rainfall of the typical crops in the baseline
period comprises:

when a terrain elevation of the water-saving area and a B
distance from a point used in the weather station to a 0= Z 0ni=1,2.3, ... n.
calculation area center position are smaller than a set -1
value, calculating the ten-day rainfall of the typical
crops in the baseline period by a Thiessen polygon
method; and ® ok % % %



