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Abstract

Based on daily meteorological data from 28 weather stations in Gansu Province
during 1967-2017, wheat water requirement was calculated using the Penman-
Monteith formula and crop coefficients. Effective precipitation was computed
using the method recommended by the United States Department of Agricul-
ture Soil Conservation Service, and wheat water deficit was subsequently de-
rived. The temporal trends and spatial distribution characteristics of wheat
water requirement and water deficit were analyzed, and the relative importance
of influencing factors was discussed. The results indicate that: during 1967-
2017, the annual average water requirement for spring wheat and winter wheat
throughout their entire growth periods in Gansu Province was 517.03 mm and
436.70 mm, respectively, while the annual average water deficit was 468.24 mm
and 301.54 mm, respectively. Temporally, over the 51-year period, no signifi-
cant trend was observed in water requirement and water deficit in spring wheat
cultivation areas overall, whereas both water requirement and water deficit in
winter wheat cultivation areas exhibited a significant upward trend. Spatially,
water requirement and water deficit in spring wheat cultivation areas generally
decreased from northwest to southeast, while those in winter wheat cultivation
areas generally decreased from west to east. Sunshine duration and daily mean
temperature during the wheat growth period were the primary factors influenc-
ing wheat water requirement in Gansu Province.

Full Text
Abstract

Using daily meteorological data from 28 stations in Gansu Province, China,
spanning 1967-2017, this study calculated wheat water requirements during the
growing period using the Penman-Monteith formula. Effective precipitation
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during the entire wheat growing period was calculated based on the method
recommended by the USDA Soil Conservation Bureau, allowing determination
of wheat water deficits throughout its life cycle. The analysis examined vari-
ation trends and spatial distribution characteristics of water requirements and
deficits for both spring and winter wheat, as well as the factors influencing wa-
ter demand. Results showed that from 1967 to 2017, the annual average water
requirement for spring wheat and winter wheat in Gansu Province was 517.03
mm and 436.70 mm, respectively, while the annual average water deficit was
468.24 mm and 301.54 mm, respectively. Over the past 51 years, no significant
change occurred in water requirements and deficits in spring wheat planting
areas, whereas winter wheat planting areas exhibited a significant increasing
trend. Spatially, water requirements and deficits in spring wheat areas gradu-
ally decreased from northwest to southeast, while those in winter wheat areas
gradually decreased from west to east. Sunshine hours and daily average tem-
perature during the wheat growth period in Gansu Province were the primary
factors affecting wheat water requirements.

Keywords: Penman-Monteith formula; water requirement; water deficit; effec-
tive precipitation; Gansu Province

1. Introduction

Accurate calculation of crop water requirements is fundamental for efficient
agricultural water management and irrigation system design. The Penman-
Monteith formula, recommended by the Food and Agriculture Organization
(FAO), has become the standard method for calculating reference evapotran-
spiration (ET ) worldwide. In arid and semi-arid regions like Gansu Province,
understanding spatial-temporal variations in wheat water requirements is cru-
cial for sustainable water resource allocation.

Previous studies have examined crop water requirements in various regions of
China. Cao et al. [?] analyzed effective rainfall and water demand characteristics
for major crops in Hebei Province. Liu et al. [?] investigated changes in water
requirements for main crops in North China over 50 years. Hu et al. [?] studied
water requirements in the Shiyang River Basin. Yang et al. [?] examined water
balance and spatial-temporal distribution patterns of wheat in Gansu Province.
However, systematic analysis of long-term trends and spatial patterns for both
spring and winter wheat across Gansu Province remains limited.

2. Data and Methods

2.1 Data Sources

The study utilized daily meteorological data from 28 meteorological stations
in Gansu Province from 1967 to 2017, including precipitation, temperature,
sunshine hours, wind speed, and relative humidity. Phenological data for wheat
growth stages were obtained from agricultural observation stations.
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2.2 Calculation Methods
2.2.1 Reference Evapotranspiration (ET )
The FAO-56 Penman-Monteith equation was employed to calculate daily ET :

 0.408A(R,, — G) + vy us(e, —e,)

0~ A + (1 + 0.34u,)

where R, is net radiation, G is soil heat flux, T" is mean daily air temperature,
Uy is wind speed at 2 m height, e, is saturation vapor pressure, e, is actual vapor
pressure, A is the slope of the vapor pressure curve, and ~ is the psychrometric
constant.

2.2.2 Crop Water Requirement (ETc)

Crop water requirement was calculated using the crop coefficient method:

ET, = K, x ET,

where K, is the crop coefficient varying by growth stage. Table 1 presents the
phenological information and K, values for meteorological stations in Gansu
Province.

2.2.3 Effective Precipitation

Effective precipitation during the wheat growing period was calculated using the
USDA Soil Conservation Bureau method, which considers precipitation intensity
and soil water storage capacity.

2.2.4 Water Deficit

Water deficit was calculated as the difference between crop water requirement
and effective precipitation.

2.2.5 Trend Analysis

The Mann-Kendall test was used to detect trends in water requirements and
deficits at a significance level of v = 0.01. The test statistic and its significance
were calculated for each station.

3. Results
3.1 Temporal Variation Characteristics
3.1.1 Spring Wheat

From 1967-2017, the average water requirement for spring wheat in Gansu
Province was 517.03 mm, with a maximum of 572.97 mm in 1974 and a minimum
of 462.80 mm in 1993. The Mann-Kendall test showed no significant trend (%
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+ (% 9& £*E, %oE 0.01 5HQ (cid:242)(cid:243) R%&). The UF and UB
statistics intersected in 2002, indicating a potential change point.

3.1.2 Winter Wheat

The average water requirement for winter wheat was 436.70 mm, with a maxi-
mum of 539.24 mm and a minimum of 353.56 mm. Unlike spring wheat, winter
wheat showed a significant increasing trend (% & |/.1012{@Q Q(cid:238)). The
water deficit also increased significantly, particularly after 2002.

3.2 Spatial Distribution Characteristics
3.2.1 Spring Wheat

Water requirements and deficits for spring wheat decreased gradually from north-
west to southeast across Gansu Province. The northwestern arid regions showed
the highest values, exceeding 600 mm, while southeastern areas had relatively
lower requirements around 400 mm.

3.2.2 Winter Wheat

For winter wheat, water requirements and deficits decreased from west to east.
Western regions including Wuwei, Jinchang, and Zhangye showed higher val-
ues (450-500 mm), while eastern areas like Qingyang and Pingliang had lower
requirements (350-400 mm).

3.3 Correlation with Meteorological Factors

Correlation analysis revealed that sunshine hours and daily average temperature
during the growth period were the primary factors affecting wheat water require-
ments. Table 3 shows the correlation coefficients between water requirements
and major meteorological factors.

Table 3. Correlation degree of wheat water requirement and major
meteorological factors

Factor Spring Wheat ~ Winter Wheat
Sunshine hours 0.822 0.786
Temperature 0.825 0.843
Precipitation -0.0435%* 0.0352**
Wind speed 0.0003 0.0005

Note: ** indicates significance at P < 0.01 level.

3.4 Propensity Rate of Meteorological Factors

The propensity rates of meteorological factors during the wheat growing period
were analyzed (Table 4). Sunshine hours showed decreasing trends in most
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stations, while temperature exhibited significant increasing trends, particularly
in winter wheat growing areas.

4. Discussion

The spatial distribution patterns align with Gansu Province’ s climatic zones.
Northwestern regions have an arid climate with high evapotranspiration, leading
to greater water requirements. The increasing trend in winter wheat water
requirements reflects climate change impacts, particularly rising temperatures
during the growth period.

The FAO-56 methodology provides reliable estimates, but local calibration of
crop coefficients could improve accuracy. Previous studies in the Heihe River
Basin [?] and Shiyang River Basin [?] reported similar spatial patterns, validat-
ing our results.

Water deficit calculations indicate that precipitation meets less than 20% of
spring wheat water requirements in most areas, highlighting the critical role of
irrigation. For winter wheat, effective precipitation contributes 30-40% of water
needs, particularly in eastern regions.

5. Conclusions

(1) From 1967-2017, the annual average water requirement for spring wheat
and winter wheat in Gansu Province was 517.03 mm and 436.70 mm,
respectively, while water deficits were 468.24 mm and 301.54 mm, respec-
tively.

(2) No significant trend was detected in spring wheat water requirements,
whereas winter wheat showed a significant increasing trend, particularly
after 2002.

(3) Spatially, spring wheat water requirements decreased from northwest to
southeast, while winter wheat requirements decreased from west to east.

(4) Sunshine hours and daily average temperature were the dominant meteo-
rological factors influencing wheat water requirements.

(5) The substantial water deficits underscore the need for improved irrigation
management and water-saving agricultural practices in Gansu Province.
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