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Figure S1. (a) Schematic of tetragonal ABO3 perovskite, where the arrows in the right panel are spin directions of the antiferromagnetic configuration used in this study.  (b) The born effective charge Z33 of A-site, B-site, O1/O2 and O3 as a function of interatomic displacement amplitude. 
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Figure S2. Lattice volume as a function of c/a ratio.
Elasticity
In view of P4mm symmetry relations, the 4th-rank elastic stiffness tensor (in Voigt notation) of tetragonal perovskite can be given by:

which is consistent by six independent elastic constants, namely c11, c33, c44, c66, c12, and c13. The tension can produce not only normal strains but also shear strains, and it will be convenient to describe the directional elastic properties in the spherical coordinates with basis set [1], 


        Then, the fourth order elastic compliance tensor S transforms in a new basis set following the rule:

where Einstein’s summation rule (i.e., when an index occurs twice in the same term, summation with respect to that index is applied) is adopted and the rαi are the components of the rotation matrix (or direction cosines). Once the S' is determined, the Young’s modulus E(a), linear compressibility β(a) (or multiplicative inverse of bulk modulus B(a) of the normal stress along a can be easily written by


        Shear modulus G and Poisson’s ratio ν are not as straightforward to represent and depend on two directions (a and b) at the same time, with 



Table SI. The calculated elastic constants cij (in GPa) of tetragonal ABO3 systems.
	System
	c11
	c33
	c44
	c66
	c12
	c13

	BaTiO3
	299
211a
	136
160
	116
56
	125
127
	113
107
	90
114

	KNbO3
	380
	163
	88
	93
	83
	82

	PbTiO3
	252
237b
	55
60
	56
69
	100
104
	105
90
	76
70

	PbVO3
	231
	33
	53
	43
	48
	51

	BiCoO3
	204
	89
	23
	53
	40
	38


aRef [2]; bRef [3];
Table SⅡ. The calculated elastic moduli (in GPa) along crystal axes of tetragonal ABO3 systems. G and ν are shear modulus and Poisson's ratio represented by Marmier manner. An overall anisotropy index of property X (Young’s modulus E and linear compressibility β) can be defined by AX= max(X(θ, φ, ))/min(E(θ, φ, )).
	System
	BaTiO3
	KNbO3
	PbTiO3
	PbVO3
	BiCoO3

	Ea
	228
	334
	145
	148
	185

	Ec
	97
	134
	23
	15
	78

	Ea/Ec
	2.4
	2.5
	6.3
	9.9
	2.4

	AE
	3.1
	2.5
	9.8
	12.0
	2.8

	βa
	1.1
	1.3
	3.3
	4.2
	2.9

	βc
	6.1
	4.9
	28.6
	42.9
	9.4

	βa/βc
	5.5
	3.8
	8.6
	10.2
	3.2

	Aβ 
	5.4
	3.8
	8.6
	10.2
	3.2

	
	126
	94
	100
	53
	53

	
	116
	88
	56
	43
	23

	
	116
	88
	56
	53
	23

	
	116
	88
	56
	53
	23

	
	0.52
	0.44
	1.42
	1.81
	0.37

	
	0.22
	0.12
	-0.01
	-0.19
	0.13

	
	0.22
	0.18
	0.21
	0.19
	0.15

	
	0.22
	0.18
	0.21
	0.19
	0.15




Piezoelectricity 

“Piezoelectric stress constant” is written as:


“Piezoelectric strain constant” is written as:


They can be converted by the thermodynamic relations:





[image: ] 
Figure S3. Piezoelectric constant d33 as a function of polarization.
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Figure S4. Piezoelectric constants e33 and e31 as a function of c/a ratio.
[image: ]
Figure S5. |e33/e31| ratio as a function of c/a ratio.


Table SⅢ. The calculated piezoelectricity (eαj in C/m2, dαj in pC/N,) of tetragonal ABO3 systems.
	System
	Phase
	e33
	e31
	|e33/e31|
	d33
	d31
	|d33/d31|

	BaTiO3
	P4mm
	4.85
5.48a
	0.57
-3.88a
	8.5
1.4
	49.0
	-9.2
	5.3

	KNbO3
	P4mm
	5.20
	-0.31
	16.5
	40.1
	-7.7
	5.2

	PbTiO3
	P4mm
	4.86
5.0b
	1.57
2.1
	3.1
2.5
	209.0
	-40.3
	5.2

	PbVO3
	P4mm
	1.36
	2.29
	1.7
	120.9
	-17.1
	7.1

	BiCoO3
	P4mm
	2.97
	2.88
	1.0
	26.7
	8.7
	3.1


aRef [2]; bRef [3]
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