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Supplementary Results 

Water consumption (ETa) of diversified crop rotations 
The conventional wheat-maize (WS) double cropping system had an average annual ETa during the growing season of 733 mm across all years, crops, and sites (Fig. 3, Table S1). Seven crop alternative rotations had equal or greater ETa than WS. All of which, including WS, had intensive double-cropping each year without fallow periods. A ryegrass–sorghum rotation for livestock forage produced more aboveground biomass than WS in a six-year field experiment7, at similar ETa (730 mm) and similar irrigation (375 mm), with 416 mm rainfall (Table S1). Five winter wheat-based double-crop rotations2,6,8 had equal or greater ETa (730–823 mm) than conventional WS. One spring maize-based rotation (spinach–spring maize) had an average ETa of 743 mm in a three-year field experiment3 (Fig. 3). Supplementary Table S1 details the irrigation and rainfall information.
Single cropping (rainfed or irrigated) and perennial crops had ETa values 21–54% below that of WS. Three rainfed continuous cropping systems with a cropping index of one had ETa values <400 mm, half that of conventional WS: spring maize9-11, spring peanut, and spring soybean2 (Fig. 3). The ETa of a rainfed WS in a 7-year field experiment was 460 mm9. The ETa of perennial crops and single continuous cropping systems based on one crop per year under irrigation were all <600 mm. The ETa of perennial crops—alfalfa for livestock2,6 and switchgrass for bioenergy12—were 488 mm and 504 mm, respectively. The ETa of single continuous cropping with irrigation, including winter wheat, cotton, or spring maize, ranged from 518–576 mm. Thus, reduction in ETa can be achieved by recuing water input with irrigation and reducing cropping index.
The multiple WS-based rotations (sweet potato→cotton→sweet potato→WS with five harvests in four years, and ryegrass–cotton→peanut→WS with five harvests in three years, both over a 12-year field experiment4, and modeled spring maize→spring maize→WS13) had ETa 12-23% below that of WS. Five WS-based rotations with three harvests in two years had ETa 10–28% below WS (Fig. 3). The grain-based rotation of spring maize→WS, which has received much attention in the last decade, had an average ETa of 547 mm across three experimental stations in Luancheng, Quzhou, and Wuqiao8,10,14.
The intensive double-cropping systems (ryegrass–spring maize, ryegrass–cotton, ryegrass–sorghum→WS, and spring maize–summer maize dual cropping) had similar ETa values to WS, ranging from 694–705 mm (Fig. 3).
In summary, ETa was reduced by 10–54% in a variety of cropping systems, comprising WS-based multiple cropping systems with a rotation cycle of two years or longer, single-crop species continuous cropping, and perennial crops, relative to conventional WS (Fig. 3; Fig. S6). The inset of Fig. 3 shows a negative correlation between cropping index and ETa, indicating that a lower cropping index is associated with lower annual water consumption and implying that introducing a fallow period each year into intensive double-crop rotations in NCP will reduce annual ETa.

[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Effect of diversified crop rotations on the groundwater table
The annual groundwater table change of 31 crop rotations ranged from +0.43 to –1.3 m yr–1 (Fig. 4). Almost 90% of these rotations exhibited a smaller groundwater table decline than conventional wheat-maize. Three single continuous cropping systems (rainfed) with one harvest per year raised the groundwater table by +0.13 to +0.43 m yr–1. Nearly half of the 31 crop rotations reduced the groundwater table decline rate by 50%, achieving –0.31 to –0.52 m yr–1, against –1.04 m yr–1 in conventional wheat-maize (Fig. 4). 
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The rainfed wheat-maize rotation in Fig. 4 showed a neutral groundwater table change, as reported in a 7-year field experiment at Luancheng (averaging 454 mm annual rainfall)9. An APSIM simulation of rainfed wheat-maize using 1982–2013 meteorological data yielded a groundwater increase of +0.05 m yr–115. In another APSIM study, a rainfed wheat-maize double cropping continuous cultivation system with 50% and 100% plastic film mulching between 1961 and 2011 in Hebei Province simulated a groundwater table rise of +0.30 to +0.40 m yr-1Ref16. However, the rainfed wheat-maize yielded 44% less grain than irrigated WS16. Simulated single continuous summer maize6,17 and spring maize→spring maize→wheat-maize rotation13 with 580 mm rainfall and normal irrigation resulted in a negligible groundwater table change of –0.05 to –0.07 m yr–1. 
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Conventional wheat-maize with 470 mm rainfall and 330 mm irrigation had an average groundwater table decline of –1.04 m yr–1 (Fig. 4)—this value combines our 12-year field experiment4 with three years in Luancheng18, two years in Wuqiao19, and two years in Quzhou20—which is similar to modeling results of –1.13 to –1.60 m yr–1 over various period15-17,21,22.
Three single continuous cropping systems—spring maize, spring peanut, and spring soybean—with precipitation of 430 mm per growing season—caused the groundwater table to rise. Three other single continuous cropping systems—winter wheat, cotton, and spring maize (all irrigated)—had groundwater table change of –0.23 to –0.27 m yr–1, or at least 76% better than conventional wheat-maize (Fig. 4). 
Given NCP’s abundant 4500–5300C days of accumulated growing season temperatures, intensive double-cropping of wheat-maize has dominated this area over the past 40 years, with its higher grain production for food security, but at the expense of groundwater23. While single cropping systems per year mitigate groundwater table decline, they do not capitalize on the region’s ample light and heat resources for crop production23. Thus, water-saving crop rotations with a cropping index between 1.25 and 2 should be favored for sustainable groundwater use (Fig. S7). The introduction of more profitable crops and a fallow period into the conventional wheat-maize rotation offers a trade-off for groundwater and grain security.

Yield, WUE, economic output, and EWUE of diversified crop rotations
Grain-based crop rotations 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]Annual grain yields and WUE values (Fig.5a), and annual economic output (inflation-adjusted Yuan ha-1) and economic water use efficiency (EWUE) (Yuan m-3 of evapotranspiration) (Fig. 5b) of eight grain-based rotations provide useful insights to crop output. The annual grain yield and WUE of conventional wheat-maize were 14.1 t ha–1 and 1.95 kg m–3, with annual economic output and EWUE of 8.0×103 Yuan ha–1 and 1.13 Yuan m–3 (Fig. 5a, b). 
Only the spring maize–summer maize dual rotation per year produced higher annual grain yields (15.9 t ha–1, 12% more) than conventional wheat-maize (P>0.05) (Table S4) because spring maize produced 50% more grain yield than winter wheat24,25. The higher photosynthesis and stomatal resistance of spring maize (C4 crop) than winter wheat (C3 crop) ensure higher use-efficiencies of light, water, and nitrogen15. The spring maize–summer maize rotation had 24% higher WUE than conventional wheat-maize (Fig. 5a). Winter wheat needs 225 mm irrigation during the dry growing season which is 33% more than spring maize7.
Meanwhile, the spring maize–summer maize rotation had 27% significantly higher economic output (P<0.05) and 38% higher WUE than conventional wheat-maize. The water needs of spring maize and summer maize almost matched the growing season rainfall in this region, saving ~75 mm of irrigation over winter wheat in wheat-maize, and decreasing seasonal ETa. Although the dual maize rotation performed better than wheat-maize for yield and economic output, the need for sufficient heat resources, suitable varieties, and matched harvest times limit its adaptability and generalization in much of the NCP.
The spring maize–summer maize rotation had higher grain yield, WUE, economic output, and EWUE than conventional wheat-maize. But this cropping system requires high accumulated temperatures, heat resources for grain filling, and an early maturing spring maize variety, which primarily occurs and is limited in the southern Hebei Province24. Expanding this system northward would require adaptations to sowing date, plant density, and variety25. Besides, omitting winter wheat in this double maize rotation would impact national self-sufficiency in the diet26. Wheat production is crucial for NCP and China diets, whereas maize is mainly used for livestock feed12. The dual maize rotation increases the maize planting frequency, which forces much better coordination between crops and livestock to harvest for silage in spring and grain in summer12. Double maize is an unlikely candidate for a new dominant cropping system for the whole NCP. 
The spring maize→wheat-maize rotation (three harvests in two years) produced 25% lower grain yields (10.6 t ha–1) and 16% lower annual economic output than conventional wheat-maize (P<0.05). Despite a 25% reduction in grain yield and 16% reduction in economic output due to reduced planting frequency of winter wheat once every two years, the spring maize→wheat-maize rotation had similar WUE and EWUE to conventional WS, reducing ETa by 20% (Fig. 3) and mitigating 61% of groundwater table decline (Fig. 4). This rotation by retaining winter wheat has more promise for saving groundwater and diet sufficiency than the double maize rotation; it is worth considering the spring maize→wheat-maize rotation as superior to wheat-maize for the future.
The other five grain-based cropping systems—wheat-maize rainfed, spring maize rainfed and three single continuous croppings of spring maize, summer maize, and winter wheat—had 36–57% lower yields and 44–63% lower economic outputs than conventional wheat-maize (P<0.05), with no significant differences in WUE and EWUE (Table S4). WS rainfed saved ~300 mm of irrigation water but produced 40% lower grain yield, 54% lower economic output and 7% lower WUE, and 34% lower EWUE than wheat-maize with irrigation at 300–330 mm yr-1 (P<0.05)4,7,10,20. Continuous winter wheat had the lowest yield, economic output, and WUE, followed by continuous spring maize rainfed, wheat-maize rainfed, and continuous summer maize. Continuous summer maize had 8% higher WUE and similar EWUE compared to wheat-maize (Fig. 5a, b).
Single cropping systems performed better than conventional wheat-maize for mitigating groundwater table decline, but soil water evaporates unproductively and agriculturally favored light and heat resources are wasted during a long fallow period each year. Single cropping systems produced 36-70% lower net economic outputs per year than conventional wheat-maize. 
Other diversified crop rotations 
The 31 diversified crop rotations included crops from different families and genera, with different purposes and values, thus yields and derived WUE are not additive or comparable except within the grain group. Economic output and EWUE could be expressed for all rotations (Fig. 6). 
Half of the diversified crop rotations had higher annual averaged economic outputs than conventional wheat-maize (8.0×103 Yuan ha–1). The sweet potato→cotton→sweet potato→wheat-maize rotation, with five harvests in four years, had the highest economic output (19.5 ×103 Yuan ha–1) and EWUE (4.22 Yuan m–3), being 1.4 and 2.7 times significantly higher, respectively, than WS (P<0.05) (Table S5). The spinach–spring maize, ryegrass–cotton and ryegrass–cotton→peanut→WS rotations produced 58–77% higher economic outputs than wheat-maize. Spinach (an edible vegetable) and cotton (cash crop), both have higher prices and economic outputs than winter wheat and maize, which contributed strongly to the economic output of their rotations4,27. The EWUEs of the above crop rotations were at least 69% higher than wheat-maize. 
The spring peanut→wheat-maize rotation, continuous cotton, and spring cotton→wheat-maize rotation had 21–31% higher economic outputs, due to the higher prices for peanut and cotton4, and 52–89% higher EWUE than wheat-maize. Two sorghum-containing rotations surpassed the economic output of WS by 11–19% because sorghum (bioenergy crop) was harvested for its entire aboveground biomass (44.6 t ha–1), aiding the 32–52% higher EWUE than wheat-maize.
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]The winter wheat-based double-cropping systems per year—with summer cotton, peanut, soybean, or sweet potato—had similar economic outputs (7.6–8.4 ×103 Yuan ha–1) to wheat-maize but 16–35% lower EWUE values due to their higher water use. This demonstrates that retaining winter wheat in a double-crop rotation each year in the NCP does not balance economic outputs with groundwater sustainability. In contrast, the wheat-maize–based multiple crop rotations with three harvests in two years (spring soybean→wheat-maize rotation and sweet potato→wheat-maize rotation) had similar economic outputs (7.5–7.9×103 Yuan ha–1) to WS, but 40–61% higher EWUE. The ryegrass–spring maize double rotation had a similar economic output and EWUE to wheat-maize.
Rotations with perennial crops—alfalfa and switchgrass—and single continuous cropping per year in rainfed conditions—spring peanut and spring soybean—had 36–70% lower annual economic outputs and 17–61% lower EWUE than conventional wheat-maize, indicating that these rotations would not be good future options.
In summary, multiple cropping systems with more than three harvests in two years—for example, five harvests in four years or four harvests in three years—and intensive non-winter wheat-based double-cropping in one year increased annual averaged economic outputs and EWUEs by at least 11% and 3%, respectively, relative to conventional wheat-maize. The wheat-maize-based diversified crop rotations with three harvests in two years increased annual average EWUE by at least 40% and economic output by 13%. Winter wheat-based double-cropping systems in one year had a similar economic output to conventional WS but a 26% lower EWUE. The perennial crop and single and rainfed cropping systems had no advantage in economic output over conventional wheat-maize (Fig. 6; Fig. S8). Therefore, wheat-maize -based multiple crop systems involving cash crops (cotton, peanut, sweet potato, and soybean) had better economic outputs and EWUEs, also bringing more product diversity than conventional wheat-maize. Future development of more efficient, groundwater-sustainable cropping systems should consider historical patterns of land use, cropping intensity, and irrigation practices.
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Table S1 Database of diversified crop rotations, including cropping index and water consumption indicators, in the North China Plain.
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]No.
	Crop rotations
	Cycle year
	Cropping index
	Groundwater 
table change (m yr–1)
	ETa 
(mm)
	Irrigation
(mm)
	Rainfall
(mm)

	1
	Ryegrass–sorghum
	Two harvests one year
	2
	–1.30
	730
	375
	416

	2
	Ryegrass–sorghum →WS
	Four harvests two years
	2
	–1.17
	694
	353
	416

	3
	Winter wheat–summer maize (WS)
	Two harvests one year
	2
	–1.04
	733
	330
	470

	4
	Winter wheat–summer cotton
	Two harvests one year
	2
	–0.94
	829
	340
	505

	5
	Ryegrass–cotton→ peanut →WS
	Five harvests three yeas
	1.67
	–0.84
	647
	285
	415

	6
	Spring maize–summer maize
	Two harvests one year
	2
	–0.72
	702
	241
	503

	7
	Winter wheat–summer soybean
	Two harvests one year
	2
	–0.52
	730
	213
	480

	8
	Winter wheat–sweet potato
	Two harvests one year
	2
	–0.51
	748
	235
	505

	9
	Winter wheat–summer cotton→spring maize
	Three harvests two years
	1.5
	–0.50
	679
	233
	468

	10
	Ryegrass–cotton
	Two harvests one year
	2
	–0.43
	705
	225
	553

	11
	Ryegrass–spring maize
	Two harvests one year
	2
	–0.42
	705
	222
	460

	12
	Spring cotton→WS
	Three harvests two years
	1.5
	–0.42
	661
	278
	525

	13
	Spring peanut→WS
	Three harvests two years
	1.5
	–0.42
	591
	203
	490

	14
	Spring maize→WS
	Three harvests two years
	1.5
	–0.41
	547
	198
	443

	15
	Sweet potato →cotton →sweet potato →WS
	Five harvests four years
	1.25
	–0.40
	561
	214
	399

	16
	Switchgrass
	Perennial 
	Perennial 
	–0.40
	504
	150
	416

	17
	Sweet potato→WS
	Three harvests two years
	1.5
	–0.40
	561
	240
	363

	18
	Spinach–spring maize
	Two harvests one year
	2
	–0.36
	743
	205
	460

	19
	Spring soybean→WS
	Three harvests two years
	1.5
	–0.34
	525
	206
	415

	20
	Alfalfa
	Perennial 
	Perennial 
	–0.33
	488
	99
	548

	21
	Winter wheat–summer peanut
	Two harvests one year
	2
	–0.32
	803
	222
	586

	22
	Cont winter wheat
	One harvest one year
	1
	–0.27
	533
	233
	278

	23
	Cont cotton
	One harvest one year
	1
	–0.27
	576
	180
	496

	24
	Cont spring maize
	One harvest one year
	1
	–0.24
	518
	161
	402

	25
	Winter wheat-summer millet
	Two harvests one year
	2
	–0.23
	753
	205
	548

	26
	Spring maize →spring maize →WS
	Four harvests three years
	1.33
	–0.07
	597
	210
	513

	27
	Cont summer maize
	One harvest one year
	1
	–0.05
	393
	131
	345

	28
	WS rainfed
	Two harvests one year
	2
	0.01
	460
	0
	454

	29
	Cont spring maize rainfed
	One harvest one year
	1
	0.13
	364
	0
	428

	30
	Cont spring peanut rainfed
	One harvest one year
	1
	0.43
	333
	0
	430

	31
	Cont spring soybean rainfed
	One harvest one year
	1
	0.43
	343
	0
	430



Note: WS: winter wheat–summer maize rotation; Cont: single-crop species continuous cropping system; Cropping index is the number of harvests over the whole duration of a rotation divided by the number of years in the rotation;
Groundwater table change is the average annual value (m yr–1), negative values mean groundwater table decline, positive values mean groundwater table increase. 
ETa, irrigation and rainfall are annual average values in the growing season (mm/growing season).The detailed datasets generated and analyzed in the current study are available from the corresponding author on request. 
Abbreviations:
ETa: actual evapotranspiration; WUE: water use efficiency, expressed as yield per unit of evapotranspiration; EWUE: economic water use efficiency, expressed as economic output per unit of evapotranspiration; WS: winter wheat–summer maize double-cropping system; Conventional WS: winter wheat–summer maize double-cropping system at normal irrigation measurement; Symbol ‘–’ in cropping systems: two crops within one year; Symbol ‘→’：two crops across two years, such as spring maize→WS rotation denotes three harvests in two years, spring maize is harvested in the first year followed by winter wheat and summer maize in the second year.
 
Table S2 China’s Consumer Price Index (CPI) from 1990–2018.
	Year
	CPI
	Year
	CPI
	Year
	CPI

	1990
	216.4
	2000
	434.0
	2010
	536.1

	1991
	223.8
	2001
	437.0
	2011
	565.0

	1992
	238.1
	2002
	433.5
	2012
	579.7

	1993
	273.1
	2003
	438.7
	2013
	594.8

	1994
	339.0
	2004
	455.8
	2014
	606.7

	1995
	396.9
	2005
	464.0
	2015
	615.2

	1996
	429.9
	2006
	471.0
	2016
	627.5

	1997
	441.9
	2007
	493.6
	2017
	637.5

	1998
	438.4
	2008
	522.7
	2018
	650.9

	1999
	432.2
	2009
	519.0
	
	


Source: China Statistical Yearbooks1.

Table S3 Crop prices (2000–2018) in China.
	Year
	Price (Yuan kg–1)

	
	Wheat
	Maize 
	Seed cotton 
	Soybean 
	Peanut


	2000
	1.02
	0.88
	3.33
	2.53 
	    NA

	2001
	1.09
	1.08
	3.55
	2.43
	    NA

	2002
	1.06
	1.03
	3.35
	2.38
	4.32

	2003
	1.14
	1.14
	4.80 
	2.96
	5.60

	2004
	1.52
	1.40
	5.60 
	3.88
	6.75

	2005
	1.51
	1.30
	5.09
	3.59
	6.59

	2006
	1.47
	1.36
	5.53
	3.48
	6.84

	2007
	1.60
	1.57
	6.23
	4.09 
	8.40 

	2008
	1.77
	1.72
	5.39
	5.51 
	10.06 

	2009
	1.92
	1.74
	5.55
	4.84 
	7.83 

	2010
	2.07
	2.05
	7.66
	5.19
	10.02

	2011
	2.26
	2.27
	9.67
	5.59
	12.89

	2012
	2.34
	2.39
	7.96
	5.85
	14.34

	2013
	2.50
	2.40
	8.19
	6.23
	13.32

	2014
	2.57
	2.47
	7.97
	6.30
	11.95

	2015
	2.52
	2.39
	6.78
	6.19
	12.93

	2016
	2.44
	2.09
	6.80 
	6.02
	13.13

	2017
	2.53
	1.90
	7.17
	6.03
	12.60

	2018
	2.58
	1.99
	7.10 
	5.99
	11.95


Source: China Yearbook of Agricultural Price Survey1. 
Note: 
① Crop prices (Yuan kg–1) pre-2000: wheat 0.9, maize 0.55, cotton 2.2, soybean 1.50, peanut 1.80, sweet potato 0.22. 
② Ryegrass 1.5 Yuan kg-13-5. 
③ Sweet sorghum and switchgrass 0.21 Yuan kg–1, according to crop straw price. 
④ Spinach 0.6 Yuan kg-13 and http://www.vipveg.com. 
⑤ Alfalfa 1.8 Yuan kg-16. 
⑥ Crop prices for economic yield taken from the literature when included. When not included, values from the China Yearbook of Agriculture Price Survey for crop type in the correspoding year were used. In both cases, the specific year price was adjusted for inflation using the ratio of CPI values for reference year and project year.


Table S4 Analysis of variance of yield and economic output of eight grain-based crop rotations.
	Crop rotation
	Yield
	Economic output

	Cont winter wheat
	a
	a

	Spring maize rainfed
	a
	a

	Cont summer maize
	ab
	ab

	WS rainfed
	ab
	a

	Cont spring maize 
	ab
	ab

	Spring maize→WS
	b
	bc

	WS
	c
	cd

	Spring maize–summer maize
	c
	d


Note: Yield and economic output of eight grain-based crop rotations, with average value sorted from smallest to largest (P<0.05 level). WUE and EWUE of these crop rotations did not significantly differ (P<0.05).


Table S5 Analysis of variance of economic output and EWUE of 31 crop rotations (P<0.05).
	Variable
	Economic output
	EWUE

	Switchgrass
	a
	a

	Cont spring soybean rainfed
	a
	ab

	Cont winter wheat
	a
	ab

	Cont spring peanut rainfed
	a
	abc

	Spring maize rainfed
	ab
	abcd

	WS rainfed
	ab
	ab

	Cont summer maize
	abc
	abcde

	Cont spring maize 
	abc
	abc

	Alfalfa
	abcde
	a

	Spring maize→WS
	bcde
	abcde

	Sweet potato→WS
	cdef
	bcdefg

	Winter wheat–sweet potato
	cdef
	ab

	Spring soybean→WS
	cdef
	defg

	WS
	cdef
	abcde

	Winter wheat–summer soybean
	cdef
	abc

	Winter wheat–summer millet
	cdef
	ab

	Ryegrass–spring maize
	cdef
	abcde

	Winter wheat–summer peanut
	cdef
	abc

	Winter wheat–summer cotton
	cdef
	ab

	Ryegrass–sorghum
	def
	cdefg

	Ryegrass–sorghum→WS
	def
	bcdef

	Winter wheat–summer cotton–spring maize
	efg
	ab

	Spring cotton→WS
	efg
	cdefg

	Spring maize–summer maize
	efgh
	bcdefg

	Cont cotton
	efgh
	fg

	Spring peanut→WS
	fgh
	fg

	Ryegrass–cotton→peanut→WS
	ghi
	g

	Ryegrass–cotton
	hi
	fg

	Spinach–spring maize
	hi
	efg

	Sweet potato→cotton→sweet potato→WS
	j
	h




Table S6 Factor loadings in the principal component analysis (PCA).
	Variables
	PC1
	PC2

	Economic output
	–0.83
	0.84

	Groundwater table decline
	–1.04
	0.16

	EWUE 
	–0.36
	1.16

	ET
	–1.20
	–0.25

	Irrigation
	–1.07
	0.25

	Precipitation
	–0.55
	–0.56

	Cropping index
	–1.15
	–0.41

	Fallow days
	1.12
	0.47

	Growing days
	–1.12
	–0.47

	Crop diversity
	–0.81
	0.71
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Figure S1 Yearly variation in crop yield (a) and crop planting area (b) in the North China Plain from 1980–2018. 
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Figure S2 Annual variation in the distribution of crop yield in the North China Plain from 1985–2018. The number before comma is the absolute value of yield of each crop (unit is 104 t), the number after comma is the percentage of yield of each crop accounted for the total yield.
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Figure S3 Annual variation in the distribution of crop planting area in the North China Plain from 1985–2018. The number before comma is the absolute value of crop planting area of each crop (unit is 103 ha), the number after comma is the percentage of crop planting area of each crop accounted for the total planting area. 
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Figure S4 Average monthly precipitation and temperature from 1965–2018 from 58 standard meteorological stations distributed in the North China Plain.
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Figure S5 Surface water (a) and groundwater resources (b) in the North China Plain (NCP), relative to China. Average surface water resources in the North China Plain are 554×108 m3, or only 2.1% of China’s total; average groundwater resources in this region are 503×108 m3, or only 6.2% of China’s total. 
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Figure S6 Classification of annual evapotranspiration in diversified crop rotations in the North China Plain. WS is winter wheat–summer maize double cropping system, Cont is single-crop species continuous cropping, percentage on the y-axis is the proportion of the 31 cropping systems, CI is cropping index.
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Figure S7 Relationship between cropping index and groundwater table change in diversified crop rotations in the North China Plain. Blue dots are irrigation measurements and exclude the rainfed condition. The cropping index in each cropping system is the number of harvests divided by rotation years.
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Figure S8 Classification of the 31 diversified crop rotations in the North China Plain based on economic output and EWUE. Ews is economic output (Yuan ha–1) of WS rotation, EWUEws is economic water use efficiency (Yuan m–3) of WS rotation, ‘>’ means the value increased relative to the WS rotation, ‘<’ means the value decreased relative to the WS rotation, WS is winter wheat–summer maize double cropping system, WW is winter wheat, percentage on y-axis is the proportion of cropping systems in each column of the 31 cropping systems.
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Figure S9 Correlation matrix of associations between food production and groundwater use in crop rotation systems. The number values in the grid are the correlation coefficients. 
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