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[ 2¥3 X337 (Pollination Score by Landsdorf et al., Ann. Bot., 2009)]

“Since pollinator abundance is limited by both nesting and floral resources, the pollinator

]
score on a parcel 1s simply the product of foraging and nesting. This score represents the 1 ><
location and relative abundance of pollinators available for crop pollination from a parcel.”

(" Habitat Suitability for Nesting )

N Habitat Suitability for Foraging .

ﬂ—labitat suitabﬂity for Nesting by a pol]inat()r at k-parcem ﬂ{abltat Sllltablllty for Foragmg for a polhnator at k—parceN
J J
HN, =>"Np, =300 . Z};Fp exp(~D,, / a) ZUZSD jexp(=D,, [ a)
i—1 i—1 m = m
o : , k M M
7 : j-habitat (land use) J: the number of habitats for a parcel ZeXp(_ D /a) Zexp(_ D /a)
k: k-parcel >< m=1 m—1
N I Compatibility of j-habitat for a pollinator's nesting foraging frequency in a parcel declines exponentially with distance
, , . D . Distance from k-parcel to m-parcel
p. : Proportion by j-habitat at k-parcel mk -
g F.: Compatibility of j-habitat for a pollinator

« : Expected pollinator foraging distance
K / M: The number of parcels /
Pollination Score induced by a pollinator at k-parcel === P = HN, - HF
M M
Pollination Service at h-parcel by a pollinator =) PS = {} P exp(-D, /a)}/) exp(-D, /a)
k=1 k=1

Decision variables: Land use selection for a parcel Nonlinearity to linearity by a new variable \
. . . . . J
~ | 1 if the j-th habitat is selected for the i-th parcll Z 1y =) Y-XoX o o p —
37@-]- — . ) xz’j - ¢ yM (i—D)+kJG-D4+ Ty Tk TR Ty yM(k—l)-l—i,J(l—l)-l—j
0 otherwise pam /
Constraints among variables from habitat nest Constraints among variables from habitat floral site
° . . ° ° J
Pollination Score expressed by decision variables o, =050, X =0, Sy =0k =120 (0 =0% Xa, =0 Dy, =06 =120
=
. L . J
f)k — ; Jy:y:ylinlngﬂimj eXp( Dmk / a) / Z eXp( Dmk / Oé) Ifz, =1=2X=1_ ZyM G = 1 (k=1,2,---,M) Ifz,=1= Xz, =1. ZyM(k_l)H,m_mj =1(i=1,2,--,M)
m=1 [=1 j=1 = )
., X ... 7 X X ... X
v, ()= VT, Nesting score for [-habitat at k-parcel 1 oo 1 l e
V) — _ _ T, X oz, X T 'X T .X
o (4)= gz, . Foraging score for j-habitat at m-parcel — J 2 s
J .
ZyM(i—1)+k,J(J—1)+l:$zj (i=1,2,"',M;j=1,2,"',J,]€=1,2,---,M)Z M) Lk (=12 M 1=12-"J,k=12-"-M)
=1 j=1
— » . . . . .
1) 1. Maximize pollination service onl L -
[ET7)2 T LER] S %ZZ » y 3.Maximize benefits from land use
= max o 4 n 72 zM(z—l)Hc . . o . . .
et v subject to limit for pollination service
Z =Y{I ®diag(p,,¢,,»,) Hdiag(v,,v,, v, )@ I} ... . J:maxTB:iib/:tu
e X1, =1, (i=12-M j=12 J) b o b.
(Xz )1 . 1, (k=12 MI=12-J) e 1 Forest 03
i} bl M @1z, 5 ores .
Example szj:l i ... . ;;; e 2 Coffee 1
F ! Z =Y{I, ®diag(p,, ¢, ¢,) Hdiag(v,,v,,-,v,)® I} 3 Cane 12
25 parcels OreSt where D +D)/a) ... . X1, =z1, (=142 M, j=12; J) 4 Pasture/grass 0.7
i exp\—( .+ D )/«
ah = — Ll (Xz 1, =21, (k=12 MI=12-"J) 5 Scrub 0.1
5 | 21 | 22| 23| 24| 25 . Coffee [Zexp(—DM/a)] Zexp(—pd/a)] S =1 Vi 6 Bare 0
Y ®; - - where 7 Built 0
;Eo?fest (1)1 (1)5 4 | 16 | 17 ] 18| 19| 20 Cane ... . S exp{—(D, +D,)/ o}
offee . . * Y, M
; Cone o B Pasture/Grass — — SRR
4 Pasture/grass 0.1 02 sl l ol sl al s 2.Maximize pollination service subject to - -
> Serub 02 03 Scrub limit for poIIination service . . ...
are 0.1 0.1
7 Built 01 03 2ls |7 s of 10 ,- mxzps D)D) IR
Bare UbJ 111111 . .
11|l 2] 3| 4] s . Built ZZZ ' :
Z = Y{IJ ® diag(p,, ¢, @) Hdiag(v,, vy, v, )@ 1}
1 2 3 4 5 Xl = 1 (t=1,2---M, j=12---,J)
X =21 (k=12 M,I=12-J)
Z =1 Vi
where
_ exp{—(D, +D,)/a}
[éexp(—q, /a)][ﬁexp(—al /) ]
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