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Spatial-temporal characteristics of water demand, water surplus and deficit
of potato in northern Hebei Province in the past 50 years
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Abstract: In order to efficiently use water resources and increase the agricultural production efficiency, the data from 23

meteorological stations in the main potato growing areas of Hebei Province (northern Hebei Province) were analyzed to calculate the
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water demand and water shortage during the growing period of potato from 1969 to 2018. The analyses involved the reference crop
evapotranspiration calculation method and the related crop coefficient method recommended by the Food and Agriculture
Organization of the United Nations. The changing trend of precipitation, effective precipitation, water demand, and water shortage
during the 50-year potato growing period, and the changing characteristics of water demand and water shortage in different regions
and different growing periods were analyzed. There were three main results. Firstly, the annual variation of precipitation and
effective precipitation during the growing period of potato in northern Hebei Province in the past 50 years could be divided into two
stages. In one stage, there was a decreasing trend from 1969 to 2003. The climatic tendency rates of precipitation and effective
precipitation were —15.68 mm-(10a)™" and —6.61 mm-(10a)™". In the stage from 2004 to 2018, the tendency rates was significantly
increased, which were 60.07 mm-(10a)™' and 9.68 mm-(10a)"'. The average precipitation and effective precipitation in recent 50 years
were 356.5 mm and 148.6 mm, respectively. Their spatial characteristics showed the zonal feature of decreasing gradually from west
to east. Secondly, the interannual variation of water demand and water shortage during the growth period of potato in the past 50
years also showed a decreasing trend from 1969 to 2003 and an increasing trend from 2004 to 2018. In years of high water demand,
there was also a great shortage of water. In the past 50 years, the average water requirement and water shortage were 497.8 mm and
349.1 mm, respectively. The spatial distribution showed an increase from Bashang plateau to the Baxia mountain area. In the region
of high water demand, there was also a great shortage of water. Thirdly, the water demand of potato was largest during the expansion
period, when the water shortage also reached its maximum. The water resources of potato in northern Hebei Province have been in a
serious deficit state during the past 50 years. It is necessary to fully consider the response of potato water demand to the changes of
meteorological factors in order to strengthen water management and ensure the efficient utilization of water resources.

Keywords: Northern Hebei Province; Potato; Effective precipitation; Water demand; Water shortage; Water profit and loss
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Fig. 1 Main regions of potato planting and the characteristics of topography in Hebei Province
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Table 1 Multi-year average of growth periods (month-day) of potato in different regions in northern Hebei Province
Region Sowing Seeding Branching Inflorescence formation Blossoming Harvest period
Bashang 05-01 06-08 06-18 06-26 07-08 09-11
Baxia 04-24 05-25 06-06 06-17 06-29 09-06
1.3 :ET , K. » ETo
1.3.1 K. )
: 3 B3 2.
ET=K,xET, (1) , :
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Table 2  Different growth stages (month-day) of potato in different regions in northern Hebei Province
Region Seeding stage Tube formation and expansion stage Starch accumulation stage
Bashang 05-01—06-08 06-09—08-20 08-21—09-21
Baxia 04-24—05-25 05-26—08-15 08-16—09-06
[37] X=ati+b (6)
Kc 5 a 5 b , a b
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CWSDI) R Fig. 2 Interannual variation trends of average precipitation
and effective precipitation in potato growth period in northern
Hebei Province from 1969 to 2018
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Fig. 3 Spatial distribution of interannual variation trends of precipitation (a) and effective precipitation (b) during the growth period
of potato in northern Hebei Province from 1969 to 2018
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Fig. 4 Spatial distribution of average precipitation (a) and effective precipitation (b) in potato growth period in northern Hebei
Province from 1969 to 2018

, ; , ( 5
50 a 1969—2003 ,
2.2 10 a 5.0 mm, (131 ,
2.2.1 1965—1999
13.1 133 , ,
1969—2018 2004—2018

http://www.ecoagri.ac.cn



718 ( ) 2020 28
) —— K Water demand 2.2.2
g 600y —— fi{/KiE Water shortage
& 550 50 a
2 500 by Wi 430.9~570.0 mm 7, 50a
%2
fééj 450 >
HH < 4001 ' 430~460 mm,
%2 350
BEE
£ 300
3 460~500 mm, 5
s 250 1 1 1 1 1 1 1 1 1 1 1 1
k] S REX 8325383 500 mm
E 222382282588 8%
4y Year
B5 19692018 FEIMXSHRELLEEFHRNENT ’
KB BOKBERTLES ; 6 400 mm
Fig. 5 Interannual variation trends of average water demand , 300~350 mm( 7b)
and water shortage during the whole growth period of potato in
northern Hebei Province from 1969 to 2018 2.3
P<0.05 10 20
<0.
s (P<0.03), 2 ) (5 1 —6
- mm 8 4 24 —5 25 )
1969—2003 ’ ’
10 1.3 mm; 2004—2018 ’ tA=19 mm ¢ o0
a = —8 20 5 26 —8 15 )
(P<0.05), 10a 20.0 mm
554.6 1972 '
o 107 mm( ), . 3.8~5.5mm ( 8
7 mm(1979), 20 —9 11 8§ 16 —9 6 )
91.9 mm, 50 a 497.8 mm
’ ’ , 2.3~2.7 mm
441.2 mm(1972 ), 273.7 mm(1979 9
), 50 a 349.1 mm
’ ? 65.1 mm 53.3 mm, 38.4 mm
35.1 mm s
50 a 23
ba 8 ( ) 338.8 mm 403.3 mm,
3 241.5 mm 293.2 mm R
, —-1.2~-10.3 mm-(10a)™";
> 0.5~ 47.1 mm 55 mm, 24.5 mm
7.0 mm-(10a) ™", 31.6 mm ,
(  6b), 6 s
, ~-1.0~—4.9 mm-(10a)™"; 2.4
, 0.2~
10.1 mm-(10a)™" ,
50 a (5), 50 a
10 , 1969—2018

-60%~-80%,

http://www.ecoagri.ac.cn



50 a

719

% —

YGRS

Climate change rate [mm-(10a)™'] 3 0

42.5°N

42.0°N ~

41.5°N+

41.0°N +

40.5°N +

40.0°N +

5 10 Climate change rate [mm-(10a)™']

42.5°N+

42.0°N+

41.5°N+

41.0°N A

40.5°N

40.0°N

114.0°F

115.0°E 116.0°E 117.0°E 118.0°E  119.0°E 1140°E 115.0°E 1160°E  117.0°E  118.0°E  119.0°F
6 1969—2018 FEILMX DR EEL EHHNEFKE@MMRKEOG) ERTHEBNTELH

Fig. 6 Spatial distribution of interannual variation trends of water demand (a) and water shortage (b) of potato during the growth
period of potato in northern Hebei Province from 1969 to 2018
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Fig. 7 Spatial distribution of water demand (a) and water shortage (b) during the growth period of potato in northern Hebei Province

from 1969 to 2018

s H1 | Bashang —— 31T Baxia

7K Water demand (mm)

2.9%

, -71% -73%,
—52%~-66%;

>

4.7%,

—— #1_E /K Water demand in Bashang

5 IR 7K & Water demand in Baxia
g 50 - - - -1l E ki Water shortage in Bashang
@ 5 T 400 —— HI'N Bk A+ Water shortage in Baxia
HY] (J1-H) Date (month-day) 5\5 _§ g 300 —
. - § 9200
E8 1969—2018 £ HIFRFIRH DU ELEHAZA @ggmor_jﬁgzﬁug
ok T S a—
Fig. 8 Daily average water demand during the growth period § 'L‘h"miiﬁ PR RERZE TERER '
of potato in different regions in northern Hebei Province from Scedling stage 2 j(’ﬁ%] Starch accumulation
1969 to 2018 Tube formation and stage
expansion stage
S0a B9 HAtFEHXDHEREES MR TR
RKENTHK
Fig. 9 Average water demand and water shortage at different
developmental stages of potato in different regions in northern
( 11), Hebei Province

http://www.ecoagri.ac.cn



720 ( ) 2020 28

o -84.3%, -70.1% —69.6%,
o § -76.9% —85.6%,
< O '
5 -10 -80.6% -90.2%
B 20
g 3 -30 3 \_J.\/\ lﬁéd:‘/\
m;g "0 Wi 3zate
=
gE 3.1
.\z’ = -60
~ g- ~70 +
5 —80
5 -0l ,
B 10 1969—2018 FEILMXSHRELEEHRANKL BT
& 3
Eicg
Fig. 10 Water profit and loss indexes during the growth 5
period of potato in northern Hebei Province from 1969 to
2018 ’
BT AR 2 ’
-z~ FER L] P<0.01
Hi Tube formation and Starch 15
. Seedling stage ~ expansion stage  accumulation stage ’
S ':':f T ' Ty ' a(2004—2018 ) 35 a(1969—2003 )
g-l0p fi et
E 20} )
2 30 ( 10a 0.33 ms™")
o —40+ —
[ E 5 ( 10 a 0.17 m-s™),
KE g YT
“g_éo- 10 a 14.6 h, 10 a 72.5h,
5770 15a 35a
= —80° B 1 I Bashang ® 1T Baxia
B 11 1969—2018 FEIAFEHX IR ERR L EH ,
KABSHERE .
Fig. 11 Water profit and loss indexes at different development ’
stages of potato in different areas in northern Hebei Province S
from 1969 to 2018
, 2007 «C ) ) ,
-76.4%, ( ) (3]

#3 DHRELEBHTIKE. RKEESKREZNHEXRY
Table 3 Correlation coefficients of water demand and water shortage with meteorological elements in the whole development period
of potato

Mean temperature Relative humidity ~ Wind speed  Sunshine duration _ Precipitation _ Effective precipitation

Water demand 0.465 2" -0.724 2" 0.379 0" 0.698 7" -0.398 6 —0.556 4"
Water shortage 0.634 3" —0.854 8 0.136 8 0.440 17 —0.755 8" —0.890 5"
* P<0.01 * indicates significant correlation at the level of P <0.01.
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