Department of Agriculfure - (ordillera Adminisirative Region
Adapiation and Mitigation Initiative in Agriculture
Benguet State University

Towards Climate-Resilient
and Sustainable Agriculture:

Targeting and Prioritization
for the Adaptation and
Mitigation Initiative on

Agriculture (AMIA) In

o3 % v -
¢ ¢ n.:‘} :'?‘.3. v; '
» ‘.' e A‘.‘-' .»"n
‘?“T;' A“\-.‘, -~ ,’..' "-.
3 B %)
) e '
&t ‘!‘f‘. v !
A 3 £ ;"
N '} - - X
"~y = 2 N 4



%,

OF
Noator %,

7%,
)

]

DEPAR,
J

gk
,I\\u

Fynn®

Department of Agriculture 7 Cordillera Administrative Region
Adaptation and Mitigation Initiative in Agriculture
Benguet State University

Towards Climate-Resilient and Sustainable Agriculture: Targeting and Prioritization for
the Adaptation and Mitigation Initiative in Agriculture (AMIA) in Ifugao Province

CLIMATE RISK VULNERABILITY ASSESSMENT:
Benquet State University

Department of Agriculture-CAR

Roscinto lan C. Lumbres Susan D. Balanza
Lynn J. Talkasen

Lito S. Mocati
Quinerlyn A. Godio
Angelica B. Batingal
Levi Ezekiel O. Daipan
Myra Nieves T. Lingaling

CLIMATE-RESILIENT AGRICULTURE:
Benquet State University

Department of Agriculture-CAR

Janet P. Pablo Mannylen P. Odias
Madeline S. Kingan
Esther Josephine D. Sagalla
Jetro Neil B. Gapasin
Joyce Leona F. Bandisa
Love Joy B. Gumpod
Nonallee Grail P. Aggalao

COST-BENEFIT ANALYSIS:

Benguet State University

Cheryll C. Launio
Jenifer P. Domolog
Samuel L. Duyan
Celeste Lidawan
Rovilyn Tulian
Mark B. Bulangen

Towards Climate-Resilient and Sustainable Agriculture:
Targeting and Prioritization for the Adaptation and Mitigation
Initiative in Agriculture (AMIA) in Ifugao Province

il Page



TABLE OF CONTENTS

Initiative in Agriculture (AMIA) in Ifugao Province

Climate Risk Vulnerability Assessment of the Priority Crops in Ifugao using GIS........ 1
F N ST 17X O RN 1
R = 1 (T ] 1 =1 =TSRRI 1
| R = AV o\ YA o) ) (=1 0= 1 (1 = TR 2
M. ODBJECHIVES .. 3
V. Procedure/MethOdOlOgY .. ..oou i 4
S 110 ) S | (= PRSP 4
Data Collection and ANAIYSIS ......coiiiiiiiiiiie e 5
SENSITIVITY INUEX oottt e e e e e e e e e e e s s et e e e e e e e e e e s nnrraaeeaaaeeeaaas 6
[ Fo V= 1 o 1 Lo L= RO 10
Adaptive CapacCity INUEX ... a e e s st e e e e e e e s e e nnreees 11
VUINErability ASSESSIMENT ......uiiiiiiii i e e e e e s e e e e e e e e e e enneees 14
V. RESUILS AN0 DiSCUSSION ..uuvvviiriiirieiiieiririeietrrrrtrrrrrr e . r——.———————————————————————.—.—.........—.———. 15
Y= o S LAV Z1 Y [ Lo 1= oSS 15
(O (o o IS T 015711171 4RO 17
HEINOOM RICE ... 17
ConVENtIONAl RICE ....coooiiiiiieeeee 18
L] 1 o 19
10 1= 1 o N 20
[ Fo V2= 1o B Lo [ RPN 21
TrOPICAI CYCIONE ...ttt e e e e e e nnbneeeean 21
[ [0 o To S 22
1= a0 £ o [ 23
Yo ]I (0= (o] o R 24
(D (0] 0o | o | SO P PP PUPPP PP 25
Overall Hazard INAEX.........oooviiiiiiie e 25
Adaptive CapacCity INUEX ...cccuuiiiiiiee e e e e e e s st r e e e e e e s e e nnneees 26
Overall Adaptive CapacCity INAEX ..........ceiiiiiiiiiiiiiiee e eeeeeeeeas 28
Climate RiSK VUINEIaDIlITY ....o.ooeiiiee e e 29
HEIMOOM RICE ... 30
ConVENtioNAl RICE .....ooooiiiiii 31
{070 ] 1 o [P OP OO UUPPPPRPRINt 33
0 1= 1 o N 35
VI. CONCIUSION. ..o 36
AV | DO = T=Tolo] ¢ a1 1 [T a Yo F= 1A 1o o USROS 38
Towards Climate-Resilient and Sustainable Agriculture:
Targeting and Prioritization for the Adaptation and Mitigation i | Pa ge



DEPAR).
Y,
/ ) e,

AV L P 0 o = o oo i { V=N = o ] = o S 38
Climate-Resilient Agriculture Practices Assessment of Major Crops in Ifugao ........... 40
AB ST RACT ettt e e e e e e e h et e e R b et e e e bt e e e R b et e e e e ab e e e e anb e e e e e nbaeeeeaas 40
IR = (0] = =R 41
[, REVIEW OFf LILEIATUIE......ciiiiiiiii ettt e e st e e st e e e e e eas 42
M. (@] o] (=T o3 1)Y= ST PPP T PPPPRPPPPPRPN 43
V. Procedure/MethodolOgy...........ooueeiiiiiiiieeiieee e 44
Time and Location Of the STUAY .........oooiiiiiii s 44
1Y/ T=Y g To [o] (oo | V2 REEPRR 44
V. RESUIS @Nd DISCUSSION ......oeiiiiiiiiiiiiieiia e e ettt e e e e st e e e e e e e e e st e e e e e e e s e aannereeeeeeeas 45
Characterization of the Value Chain for Major CropsS.........cueuiirieeiiiiie e 45
ProducCtion Profile .........eeeeiiiie et e e aas 45
Farming System and Planting Calendar .............ccovvoiiiiiiiiniiieeeeeeee e 48
Value Chain Key ACtOrs and ACHVILIES ........ceiiiiiiiieiiiiiee e 50
Assessment of Hazard and Climate Change Sensitivity ..o 54
Identification of Climate HAzZards ............occuuiieiiiiiieiiiie e 54
Assessment of Climate Hazard CONSEQUENCES ...........uuururuimiurmimmminnnnnnnnnnnnnnnnnnnnnnnnnnnn.. 58
UNdEryiNg FACIOIS ..o 62
Climate Impacts 0N GENAET..........cociviiiiiiec e 64
Identification and Prioritization of Adaptation OPtIONS ..........ccccccieiunieminin. 67
2 Fo T (=] 6 (o 102N (0] o] o] o USSR 69
VI. (@0 ] o Tod (015 o o [P OUPPR PRI 71
AV | R =T oto g o1y 1= g T =Y i o o SRS 72
COST-BENEFIT ANALYSIS OF SELECTED CLIMATE-RESILIENT AGRICULTURE
PRACTICES FOR PRIORITY CROPS IN IFUGAO ...t 73
AB STRACT ..ttt ettt ettt e e sttt e e e et bt e e e a b e et e e e R bt e e e e e b bt e e e e RE et e e e e nae e e e e e nbeeeeenraeeeeans 73
I RATIONALE ... et e e e e e e e e e e e et e e e e e eeeeaataa e eeeeeeeennes 73
. REVIEW OF LITERATURE ...ttt ettt a e et e e e snnnee e e e nnnneeas 74
Climate Resilient Adaptation for RiCe Farming...........ccouiuirieiiiiiieeiiiiie e 74
Climate Resilient Adaptation for Corn Farming ........cccccoooieiiiiieieee e 75
Climate Resilient Adaptation for Tomato Farming...........cccceeiiieieeiiiiieensieeee e 76
Il OBUJIECTIVES ...ttt ettt ettt e e e ettt e e e e st e e e s nae e e e e nnnteaeeennsaeeeeans 78
V. PROCEDURE/METHODOLOGY ..o, 78
Population and Sampling .......c.c.uuuiiiiiioi e 78
Profile of Rice Farmers RESPONUENTS..........uviiiiiiiieeiiiiee et 78
Profile of Corn Farmer-ReSPONUENTS..........uuuiiiiei i 79
Profile of Tomato Farmers RESPONUENTS.........cccuiiiiiiiiiiie e 81
(= (= @01 =Tt 1T o IR 82
= = AN = 1) 82
IV. RESULTS AND DISCUSSION ..ottt ettt e e nnnneeas 83

Towards Climate-Resilient and Sustainable Agriculture:
Targeting and Prioritization for the Adaptation and Mitigation
Initiative in Agriculture (AMIA) in Ifugao Province



OE//PA?);”‘

Economic Viability of the Prioritized Adaptation PractiCes..........ccccccevvurnrnnnnnnnnnnnnnnns 83
for Rice Production iN UQ@0.........couiiiiiiiiiiie ettt 83
Use of Water Pump as an Adaptation for Drought .............cccccoeiiiiiiiiiice e, 83
Construction, Maintenance, and Clearing of Canals and Drainages ...........ccccoecvvvvee.... 89
and Control of IrrgatioN WaALEr ...........uviiiiiii et 89
Planting Alternate Crops (for dry SEason CroPS).....cccoeevveiiiiie e, 89
Planting Bamboo Along or Near Riverbanks and Erosion-Prone Areas....................... 90
Economic Viability of the Prioritized Adaptation PractiCes..........ccccecvvcurnrnrnrnnnnnnnnnnns 91
for Corn Production in IfUQA0 .........coiiiiiiiiiiiie et 91
Use of hybrid COMM SEEAS........coooe i, 91
AVaIlING OF CroP INSUIANCE .....eeiiiiieiie ettt e e e e e e e e e e s neereeeeaeeeeaanas 94

(D T] Po Y=o [ = o o o SO 98
Economic Viability of the Prioritized Adaptation PractiCes .......c.ccccovveiiieiieeenniinnnnne. 99
for Tomato Production in IfUQao ........uueeiieeeii i 99
Input-Use for Tomato Production in UQA0 .........cooi i 99
Profitability of Tomato Production in [fUQa0 ...........c.ceeeiiiiiiiiiiiiiicieeec e 100
AVAIIING Crop INSUFANCE ....ceiiiiiiiie ettt e e e e e s e e e s nnneees 101
Rescheduling or Delaying the Planting as Adaptation.............ccccoovvveeiniiieee e 105
Using Irrigation Sprinkers as Drought Adaptation.............ccooviieiniiieecniieeee e 105
Using Rainwater Harvesting as Drought Adaptation .............ccccceviieeeenniiieee e 106
Early HArVESTING ..ocooiieeeie ettt 107

V. CONCLUSIONS ... oottt ettt et e e st e e st e e e enbeeennes 107
VI. RECOMMENDATIONS ...ttt et e e s e e e nnbeeeeean 108
VII.  ACKNOWLEDGMENTS. ... .ttt e e annee e 108
VIII.  LITERATURE CITED ...oiiiiiiiiiiie ittt e st e e aneeee s 109

Towards Climate-Resilient and Sustainable Agriculture:
Targeting and Prioritization for the Adaptation and Mitigation
Initiative in Agriculture (AMIA) in Ifugao Province

v|Page



OF
Noator %,

4’&“
o

N
@
LIST OF TABLES
Table 1. The Bioclimatic variables used and their descriptions.........ccccooeeeeeeiiiiiiiieeiiiiiinne, 7
Table 2. Sensitivity index based on percent change in crop suitability from baseline to future
(o0 o 1110 PR 9
Table 3. List of capitals with their indiCators. ..o 12
Table 4. Weights used to assess vulnerability aSSESSMENt...........ccoeviviiiiiiiiiiiiiniiiiiieeeeeeeeenn 15
Table 5. Perception of farmers on climate hazards and impact on rice production............... 55
Table 6. Perception of farmers on climate hazards and impact on corn production. ............ 56
Table 7. Perception of farmers on climate hazards and impact on tomato production. ......... 57
Table 8. Type of hazard, consequences and severity of impact on rice production.............. 58
Table 9. Type of hazard, consequences and severity of impact on corn production. ............ 60
Table 10. Type of hazard, consequences and severity of impact on tomato production....... 61
Table 11. Underlying factors and stage of value chain affected in rice production. .............. 62
Table 12. Underlying factors and stage of value chain affected in corn production. ............. 63
Table 13. Underlying factors and stage of value chain affected in tomato production........... 64
Table 14. Degree of involvement of each gender in the value chain stages for rice
[T oT0 (U Tt 1 o] o TP TP TP PP PPPPPPPPP 65
Table 15. Degree of involvement of each gender in the value chain stages for corn
00T ¥ o3 1o o PN 66
Table 16. Degree of involvement of each gender in the value chain stages for tomato
(o1 oT0 (U Tt o] o TR TP O PP P PP PPPPPPPPP 67

Table 17. Barriers in technology adoption for climate hazards affecting rice production....... 70
Table 18. Barriers in technology adoption for climate hazards affecting corn production. ....71
Table 19. Barriers in technology adoption for climate hazards affecting tomato production. 71

Table 20. Study Municipalities and Surveys Barangays Covered ............cccccoovviivvvvinnninnnnnnn. 78
Table 21. Respondents Profile, Rice Farmers, Ifugan............ccceeeeeeiiiiiieeiiiccce e, 79
Table 22. Respondents Profile, Corn Farmers, Ifugao..............cceeiiiiiiiiiieeeeeeeeeii 80
Table 23. Farm Profile and Farming Characteristics of Corn Farmers, Ifugao ..........c........... 30
Table 24. Respondents Profile, Tomato Farmers, Ifugao ..........ccccceeeviiiiviiiiii e, 81
Table 25. Farm Profile and Farming CharacteristiCS ...........ccovviiiiii i 33
Table 26. Farmer's perceptions on the advantages of having/using a water pump in Ifugao
(L =) OO PPPPPPPR 84
Table 27. Cropping Intensity Of RICE FAIMMErS .........cuiiiiiiiiiiiii e 84
Table 28. Average Input use for Conventional Rice Farming in Ifugao for Wet Season of

2 0 P EEEUEERPURR 85
Table 29. Average Input use for Conventional Rice Farming in Ifugao for Dry Season of
120 PSP PPPPPPRPPTRPR 85
Table 30. Cost and Return Analysis of Conventional Rice Production in Ifugao for Wet
SEASON 202 L. it ettt e et e et e e e ettt e e e e erba s 87
Table 31. Cost and Return Analysis of Conventional Rice Production in Ifugao for Dry
SEASON 2021, ...t — e et e e et e e e e e e e e aas 88
Table 32. Sources of corn seeds used by Ifugao corn farmers, 2021............ccoeevvvvvvvvvvnnnnnn. 91
Table 33. Average Input-Use in Corn Production in Ifugao, 2021 Wet and Dry Seasons.....92
Table 34. Cost and Return Analysis of Corn Production, Wet Season, Ifugao 2021 ............ 93
Table 35. Cost and Return Analysis of Corn Production, Dry Season, Ifugao 2021 ............. 93

Table 36. Area and number of corn farmers with crop insurance in Ifugao from 2018-2022 94
Table 37. Total number of farmers who received indemnity payment in Ifugao Province form

20182020 eeeeeeeeeeeee e e e e e e e et — et e e e aaaaeeeaaaaaaaa_————a—— e et aretetataaeaeaaaaaaaannnrrannnrrnnes 95
Tabl e 38. Farmerso6 Perceived .Under.s.t.andi®g of Cr
Table 39. Perceived Benefits of Availing Crop INSUranCe .............cceeevieiiviiiiieeeeeeiicn e, 96
Table 40. Perceived Constraints of Availing Crop Insurance (Beneficiaries) ..........cccccccuvvi. 97
Table 41. Perceived Reasons of non-beneficiaries why never availed crop insurance.......... 97

Towards Climate-Resilient and Sustainable Agriculture: T
Targeting and Prioritization for the Adaptation and Mitigation \4 | age
Initiative in Agriculture (AMIA) in Ifugao Province



DEPAR,

Table 42. Summary results of cost-benefit analysis of corn farmers enrolling crop insurance,
5-yr period, 10% diSCOUNT FALE ... ..eeuviiiiiiiiiieeee e e e e e e ettt e e e e e e e e e e e e e e eeeeeeenseennnn s 98
Table 43. Farmer's Perception on the Advantages of Delayed Planting in Corn Production 98
Table 44. Farmers' Perception on the Disadvantages of Delayed Production in Corn

[0 Te [UTo 1o o PO PPPPTPPPPTRRRR 99
Table 45. Preliminary partial budget analysis of delayed planting as practiced by corn
farmers as an adaptation to Climate ChaNQE ..........ooviiiiiiiiiiii e 99
Table 46. Varieties used in Ifugao tomato farming..........cccovviiiiiiiiiiiinieeee e 99
Table 47. Average input use of tomato production in Ifugao. ...........cceeeeeeiiiiiieiiiinnees 100
Table 48. Cost and return analysis of Tomato Production, Ifugao, 2021 ............cccccevveeeeenn. 100
Table 49. Farm Profile and Farming Characteristics of Tomato Farmers, Ifugao................ 102
Table 50. Understanding about Crop INSUFANCE .........coeuuuiiiieeieiiiii e 102
Table 51. Perceived Benefits of Availing Crop INSUranCe...............oovvvviviiiiiiiceeieeeeeeeeeeeeeee, 103
Table 52. Perceived Constraints of availing Crop Insurance (Beneficiaries)..............ccuu.... 103
Table 53. Reasons of non-beneficiaries why never availed crop insurance........................ 104
Table 54a. Summary results of cost-benefit analysis of corn farmers enrolling crop
insurance,, 5-yr period typhoon scenario, 10% diSCOUNt rate............ceeeeeerriviiiiininiiiiiiieeeee, 104
Table 55. Perceived Advantages and Disadvantages of Delayed Planting...............ccc....... 105
Table 56. Perceived Advantages and Disadvantages of using Sprinklers/Rain Burst......... 106
Table 57. Perceived Advantages and Disadvantages of Rainwater Harvesting.................. 106
Table 58. Perceived Advantages and Disadvantages of Early Harvesting............ccccc......... 107

Towards Climate-Resilient and Sustainable Agriculture: il P
Targeting and Prioritization for the Adaptation and Mitigation vil | age
Initiative in Agriculture (AMIA) in Ifugao Province



2 ¢
"©
LIST OF FIGURES
Figure 1. Geographical location of [fugao ProVinCe. ......cccccceeiiiiiiiiii i 4
Figure 2. Climate risk vulnerability framework. ............cciiii i 5
Figure 3. Raster hazard data clipped from the data provided by CIAT. .....ccccoeeiiiiiiiiinnnnnnnn. 11
Figure 4. Crop occurrence map of heirloom rice in Ifugao...............cccovvviiiiiee e, 15
Figure 5. Crop occurrence map of conventional rice in Ifugao. ..............covvvviiiiiiiiieeeeeeeeee, 16
Figure 6. Crop occurrence map of corn in Ifugao.............coooo i, 16
Figure 7. Crop occurrence map of tomato in Ifugao. ........ccccceeeieiiiiii e 17
Figure 8. Baseline and projected crop suitability of heirloom rice in Ifugao............cccccceeeee.. 17
Figure 9. Sensitivity index of heirloom rice in Ifugao. ...........ccccuiviiiiiiiiiiiee 18
Figure 10. Baseline and projected crop suitability of conventional rice in Ifugao. ................. 18
Figure 11. Sensitivity index of conventional rice in Ifugao. ..........cccccevviiiiiiiiiiniiiiiiieeeeeeeees 19
Figure 12. Baseline and projected crop suitability of corn in Ifugao. ..........cccccceeeeiiiiiiiiiienne 19
Figure 13. Sensitivity index of COrn in Ifugao. ..........ccccuiiiiiiiiiieee e 20
Figure 14. Baseline and projected crop suitability of tomato in Ifugao..............ccceevvreiennnine, 20
Figure 15. Sensitivity index of tomato in Ifugao. ..........ccccuuiiiiiiiiiiiiceee e 21
Figure 16. Tropical cyclone index of the different municipalities in Ifugao............ccccccceeeeees 22
Figure 17. Flood index of the different municipalities in Ifugao. .......cccccoooeviiiiiiiii i, 23
Figure 18. Landslide index of the different municipalities in Ifugao. ..........ccccccoeveiriiiiiiinennnn, 24
Figure 19. Soil erosion index of the different municipalities in Ifugao. ..............ccccoevvviiinnnenn. 24
Figure 20. Drought index of the different municipalities in Ifugao..............ccccccvvvviiiiceeeennnn. 25
Figure 21. Overall hazard index map of Ifugao ProvinCe. ........cccoeeeiviiiiiiiiieciieecee e, 26
Figure 22. Economic (a), Physical (b), Institutional (c), Human (d), Anticipatory (e), and
Natural (f) Of IfUQA0 PrOVINCE........oiiiiieiiiiie e e e e e e e e e e eee e 28
Figure 23. Overall Adaptive Capacity Index map of Ifugao Province. ...........cccccevvvveeeiennnnnnn. 29
Figure 24. Inverted Adaptive Capacity Map 1fugao ProvinCe..........ccccccceeeiniiiiiicisiiiiiiieeeee 29
Figure 25. Vulnerability map of heirloom rice production in Ifugao (reference). ................... 30
Figure 26. Vulnerability maps of heirloom rice production in Ifugao using different weight
(o] oT o ToT 110 4 1S TSP PPPPPPPR 31
Figure 27. Crop occurrences overlaid with the corresponding CRVA reference map............ 31
Figure 28. Vulnerability map of conventional rice production in Ifugao (reference)............... 32
Figure 29. Vulnerability map of conventional rice production in Ifugao using different weight
10 0T 1[0 1SRRI 32
Figure 30. Crop occurrences overlaid with the corresponding CRVA reference maps.......... 33
Figure 31. Vulnerability map of corn production in Ifugao (reference). ........ccccceeevveervviinnnnnnn. 34
Figure 32. Vulnerability map of corn production in Ifugao using different weight proportions.
............................................................................................................................................. 34
Figure 33. Crop occurrences overlaid with the corresponding CRVA reference maps.......... 35
Figure 34. Vulnerability map of tomato production in Ifugao (reference).............ccccvvvvvvrennen. 35
Figure 35. Vulnerability map of tomato production in Ifugao using different weight
10 0T 1[0 1RSSR 36
Figure 36. Crop occurrences overlaid with the corresponding CRVA reference maps.......... 36
Figure 37. Conceptual framework of the study. ... 45
Figure 38. Annual production and harvested area of rice in Ifugao (Source: PSA, 2018 &
p2 0 72 ) PRSP 46
Figure 39. Annual production and harvested area of corn in Ifugao (Source: PSA, 2018 &
P20 72 ) P a7
Figure 40. Annual production and harvested area of tomato in Ifugao (Source: PSA, 2018 &
P20 22 ) TSP TP TPPPPPP a7
Figure 41. Proportion of rice in a (A) monocropping system; (B) monocropping system+
border crops; (C) crop rotation scheme; and (D) multiple cropping system. .........cccccccvveeeenn. 48
Figure 42. Proportion of corn in a (A) monocropping system; (B) monocropping system+
border crops; (C) crop rotation scheme; and (D) multiple cropping system. ......................... 49

Towards Climate-Resilient and Sustainable Agriculture: il P
Targeting and Prioritization for the Adaptation and Mitigation vl | age
Initiative in Agriculture (AMIA) in Ifugao Province


file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498405
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498406
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498429
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498441
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498442
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498442
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498443
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498443
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498444
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498444
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498445
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498445
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498446
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498446

%,

OF
Noator %,

7%,

2%}\
= W
'/ﬁ;\ ¥
R

Figure 43. Proportion of tomato in a (A) monocropping system; (B) monocropping system+

border crops; and (C1-C3) crop rotation SCHEME. .........coooiiiiiiiiiiiiiiie e 49
Figure 44. Value chain stages, actors and activities of rice production in Ifugao. ................. 50
Figure 45. Value chain stages, actors and activities of corn production in Ifugao. ................ 51
Figure 46. Value chain stages, actors and activities for tomato production in Ifugao. ........... 53
Figure 47. Climatic hazards and adaptation options based on time, growth and value chain
StAgES N FICE PrOAUCTION. ...ciiiii ittt e e e e e e e e e e e s e nnb b e e e e eees 55
Figure 48. Climatic hazards and adaptation options based on time, growth and value chain
StageS IN COM PrOUUCTION. ...eviiiiiiiee ettt e e e e e e e e e e e e e e e e e e e aeeeenaaaans 56
Figure 49. Climatic hazards based on time, growth and value chain stages in tomato

1o To [ Tox 1o T o PO 57
Figure 50. Adaptation options and degree of adoption by rice farmers. ...........ccccceeeeeeeninnnl 68
Figure 51. Adaptation options and degree of adoption by corn farmers. .............cooocvvvinnnnn 69
Figure 52. Adaptation options and degree of adoption by tomato farmers..................cc.vveee. 69
Figure 53. Process Flow Chart of the Philippine Crop Insurance Corporation (PCIC)........... 75
Figure 54. Yield Distribution of Ifugao Rice Farmers, 2021 Wet Season .............ococcvvvvvvnnnn 86
Figure 55. Yield Distribution of Ifugao Rice Farmers, 2021 Dry S€as0N ...........cceeeveeeerrrinnnnnnd 36
Figure 56. Yield Distribution of Hybrid and "Labos" seeds, 2021 WS ..........cccccvvvvieeieeinnnnn. 91
Figure 57. Yield Distribution of Hybrid and "Labos" seeds, 2021 DS.............ccccciviviiiieneennn. 92

Towards Climate-Resilient and Sustainable Agriculture: . =)
Targeting and Prioritization for the Adaptation and Mitigation IX | age
Initiative in Agriculture (AMIA) in Ifugao Province


file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498447
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498447
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498448
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498449
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498450
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498451
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498451
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498452
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498452
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498453
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498453
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498458
file:///C:/Users/GIS2/Downloads/IfugaoTerminal-Report-CRVA-CRA-CBA-1-26-24r.docx%23_Toc157498459

S
=i /: : @
1898 @

Climate Risk Vulnerability Assessment of the Priority Crops in Ifugao using GIS

ABSTRACT

The negative impacts of climate change are currently being experienced globally, especially
in the agriculture sector. Assessment of the climate risk vulnerability of rice, corn, and tomato
in the 11 municipalities of Ifugao Province was implemented to identify areas to be prioritized
in the implementation of adaptation measures that will improve the resiliency of agri-fishery
communities. This study adopted the climate risk vulnerability assessment (CRVA) framework
of the International Center for Tropical Agriculture (CIAT) which includes the evaluation of
adaptive capacity and potential impact of climate change (exposure to hazard, and sensitivity)
to identify the most vulnerable municipalities to climate risks. Maximum Entropy (MaxEnt), a
presence-only machine learning model, uses the current occurrence of the crop with
bioclimatic variables following the representative concentration pathway scenario (RCP) 8.5
in evaluating the current and future suitability of the selected crops. A synthesis of naturally
occurring hazards (tropical cyclone, soil erosion, landslide, drought, and flood) was used to
evaluate the extent of exposure of the different municipalities within the province of Ifugao
under pressure from meteorological and hydrological disasters. Results of the CRVA of the
selected crops revealed that by 2050, the agricultural sector of Hingyon and Mayoyao will be
the most vulnerable. The municipality of Hingyon was chosen to be prioritized for heirloom
rice production since it has very high vulnerability and at the same time high production. For
conventional rice, Hingyon and Mayoyao have the highest vulnerability and produce
conventional rice. Tomatoes, on the other hand, are being produced in the municipalities of
Tinoc (high) and Hingyon (low to high) and are considered highly to very highly vulnerable to
climate risk. In terms of prioritization of corn production in Ifugao province, the municipalities
of Alfonso Lista (high) and Aguinaldo (moderate) are recommended since high production of
corn in Alfonso Lista was observed with low vulnerability while Aguinaldo has high vulnerability
and moderate corn production. Climate change adaptation and mitigation initiatives and
projects should be implemented in these municipalities to reduce the possible negative impact
in the agricultural sector of Ifugao province.

Keywords: Climate Change; Vulnerability; Rice; Corn; Tomato

l. Rationale

Climate change affects agriculture through a diversity of changes, these include changes in
temperature, precipitation, and accelerating frequency of extreme weather events (e.g.,
floods, drought, etc.) (Arunanondchai et al. 2018) due to the shift in seasonal weather
patterns. For instance, rainfall affects the suitability of agricultural land for different types of
crops which in turn affect productivity. In addition, the risks of crop failures are already
imposing great economic loss that threatens food security. These climatic variations are
devastating, especially to subsistence farmers who are dependent on agriculture as their
sustenance and livelihood. Many small-scale farmers have been affected and are

continuously being affected by the damaging effects of drought, soil erosion, flooding, and
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salinization 7 caused by tropical cyclones, sea level rise, and saltwater intrusions in
groundwater aquifers. To address the impacts of climate change, agricultural adaptation is an

approach to managing potential risks.

Adaptation measures through strategic planning and identification and prioritizing of
communities that are highly vulnerable to climate change are significant to combat the adverse
impacts of climate change. Although farmers are already adapting by changing their cropping
calendar and planting different varieties of the same crop, they need additional knowledge on
adaptation interventions with the help of experts. Adaptation has become the most important

area of research and assessment among climate change experts (Grothmann et al., 2005).

Vulnerability assessment is an effective approach to have a better understanding of major
agricultural vulnerabilities to climate risks. This is fundamental in achieving more resilient
farming systems, especially among poor rural households (Palao et al. 2017). Climate risk
vulnerability assessment (CRVA) is the starting point of understanding where the risks and
vulnerabilities lie as it identifies the geographical areas that are most vulnerable in terms of

these climate-related hazards.

Il. Review of Literature
Almost ten million Filipinos work in the agriculture sector which provides food for the
population of more than one hundred nine million Filipinos. However, the effect of climate

change on this sector is substantial (World Food Programme, 2021).

The Philippines i s amo n g-pranéh euntries. rFload$, ddroughts s t di s ¢
typhoons, landslides and mudslides, earthquakes, and volcanic eruptions are the commonly
occurring hazards. Recent decades have witnessed an increase in damaging extreme events,
such as heavy rainfall and tropical cyclone activity, and this trend is expected to continue

under a changing climate (World Bank Group and Asian Development Bank, 2021).

Sensitivity, adaptive capacity, and exposure of natural and human systems to hazards brought
about by climate change and its potential consequences are the three (3) key dimensions of
vulnerability that were identified by the Intergovernmental Panel on Climate Change (IPCC,
2014). Vulnerability is generally depicted in negative terms, particularly, the inability to cope
with adverse effects, the susceptibility to harm from exposure to stresses associated with
environmental and social change, or the absence of capacity to adapt (Adger, 2006, McCarthy
et al., 2001).

Sensitivity refers to the degree to which a system is affected, either adversely or beneficially,
by climate-r e | at e d The effechmdy be. direft (e.g., a change in crop yield in response

to a change in the mean, range, or variability of temperature) or indirect (e.g., damages

caused by an increase in the frequency of coastal flooding due to sea-level rise)0 whi | e
adaptive capacity referstofit he abi |l ity of a systgeinindludngadj ust
Towards Climate- Resilient and Sustainable Agriculture: 2| Page
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climate variability and extremes 7 to moderate potential damages, to take advantage of
opportunities, or to c @VecEarthyetalh2001h Exposuwenmehgue nc e s |
other hand, is the character, magnitude, and rate of climate change and variation (L&derach
et al., 2011). Several biophysical indicators of exposure to climate change were factored in

and summarized as hazards (Paquit et al., 2018).

Considering the foregoing dimensions, vulnerability assessment was developed to design and
implement effective interventions, provide guidance, and support for adaptation planning, and
justification for project implementation to create a more objective decision-making process. In
addition, it promotes proactive adaptation in agriculture by identifying where the most
vulnerable areas are located, what are the stressors, and how this might change in the future
(Ford et al., 2010, Sherbinin et al. 2014).

Vulnerability assessment researches which were conducted focused on the development of
CRVA methodology (Parker et al., 2019), and the application of a rapid participatory
community-based climate change assessment instrument in different agro-ecosystems (Palao
et al. 2017). Other CRVA researches conducted in the country are under the Adaptation and
Mitigation Initiative in Agriculture (AMIA) program in the Philippines. These include llocos Sur,
Isabela, Tarlac, Quezon, Camarines Sur, lloilo, Bukidnon, Davao City, North Cotabato, and
Negros Occidental (Palao et al.,, 2017), in Bukidnon (Paquit et al., 2018), in Benguet
(Supangco et al., 2022), and Mountain Province (Daipan et al., 2023)

The above-mentioned research identified and guided the decision makers such as
government agencies, extension staff, and private sectors on the geographic areas that are
in most need of interventions. These studies provided a great contribution to the selection of
AMIA Village sites which served as a lighthouse for other communities to learn and emulate.
In addition, technological and institutional innovations are introduced so that these villages

may have access to climate-relevant support services.

II. Objectives

The main objective was to assess the climate risk vulnerability of the agriculture sector,
particularly rice, corn, and tomato, as a basis for prioritizing climate adaptation and mitigation
that includes technological interventions through geospatial and modeling tools in the different

municipalities of Ifugao Province.

Specifically, it aimed to:
1. determine the sensitivity of rice (conventional and upland), hybrid corn, and tomato in
Ifugao province;
analyze the exposure to climate-related hazards of the municipalities of Ifugao; and

3. assess the adaptive capacity of the municipalities of Ifugao.
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V. Procedure/Methodology

Study Site

Ifugao is one of the six (6) provinces in the Cordillera Administrative Region and is located in
the southern portion of the region (Figure 1). It is a landlocked watershed province bounded
by a mountain range to the north and west that tempers into uneven hills towards the south
and the east (Valdez and Dumansi, 2020). The province is subdivided into 11 municipalities
with 176 barangays. Its capital is the municipality of Lagawe, located in the mid of the
province. Its highest elevation is 2,523 meter above sea level (masl). As of 2020, the total
population is 207,498 which is 11.54% of the population of CAR (Philippine Statistics
Authority, 2020). Agriculture is the main source of livelihood in the province. Moreover, the
five (5) clusters of rice terraces designated as World Heritage Sites by the United Nations
Educational, Scientific, and Cultural Organization (UNESCO) in 1995 can be found in this
province. These sites with cultural importance were Batad and Bangaan Rice Terraces in
Banaue, Mayoyao Rice Terrace in Mayoyao, Hungduan Rice Terraces in Hungduan, and

Nagacadan Rice Terrace in Kiangan.
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Figure 1. Geographical location of lfugao Province.

Selected Crops

Rice and corn, which are the top two important crops in the Philippines, are being produced
in almost all municipalities of Ifugao province. In 2020, 15,433 hectares (ha) were planted with
rice with a yield of 49,413 metric tons (MT) while 28,462 ha were planted with corn with a yield
of 109,783 MT. Irrigated rice production consists of 96.01% or 47,441 MT while rain-fed
production covers 1,972 MT (3.99%) (PSA-CAR, 2022).

In 2020, the recorded total volume for tomato production in Ifugao province is 78.89 MT (PSA
2020). Rice, corn, and tomato were selected for the conduct of CRVA in Ifugao. Rice and corn
are considered as the top two (2) most important crops in the Philippines given that rice is a

staple food and corn is a good substitute for rice especially in poor or rural areas. Tomato, a
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high-value crop, was selected by the representatives of the Office of the Provincial
Agriculturist and Municipal Agriculturists present during the participatory mapping. The
selection of these crops was also based on the volume of yield and production are and in
consultation with the Department of Agriculture-Regional Field Office- Cordillera
Administrative Region (DA-RFO-CAR).

Data Collection and Analysis

The Adaptation and Mitigation Initiative in Agriculture (AMIA) Project, under the DA-RFO-
CAR, was conducted to plan and implement strategies to support local communities in
managing climate risks from extreme weather events to long-term climatic shifts. To establish
climate-resilient agriculture (CRA) communities, CRVA is necessary to guide AMIA in
targeting and planning. A CRVA would ensure that the AMIA investments are cost-effectively
channeled to support the overall goals and outcomes and to address the inherent spatial and
temporal variabilities within and across sites. The methodology was based on the CRVA
framework developed by the Centro Internacional de Agricultura Tropical (CIAT) of Southeast

Asia (Figure 2).
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Figure 2. Climate risk vulnerability framework.
Source: Palao et. al., 2017

Three (3) components were used to assess the climate risk vulnerability of rice, corn, and
tomato in Ifugao Province. The sensitivity index will identify the changes in the climatic
suitability of a crop to grow, exposure to hazard identifies areas that are mostly exposed to
climatic-related pressures, and lastly, the adaptive capacity index determines the ability of the

municipalities in the province to resist and adapt to pressure.
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Sensitivity Index

Although other factors could affect the suitability of a crop to grow in a certain location or a
specific climatic condition, this study only focused on climate-related factors which are
changes in temperature and changes in precipitation. The analysis of sensitivity was based
on the projection of a high greenhouse gas emission scenario by 2050 (RCP 8.5 developed
by the IPCC) which results in changes in temperature and precipitation. The procedure of
assessing change in crop suitability requires two steps. The first step is to evaluate the
baseline crop suitability using the assumption that a species exists in a specific site where
environmental conditions are similar to where it was detected. If the environmental condition
where the species is detected in the baseline condition matches, the second step is to predict

the location of the species on a certain time slice (Apdohan et al., 2021).

Crop Occurrence Points

Since crop occurrence points were needed to identify the suitability of each crop, participatory
mapping workshop with local experts that includes municipal agriculturists, agricultural
technicians, and/or banner program coordinators of each municipality was done to locate the
selected crops in their respective municipalities. Participatory mapping is the creation of maps
by local communities, governments, NGOs or other stakeholders involved (Lienert, 2019).
Participatory mapping was conducted to collect reliable data on crop occurrence and produce

Crop occurrence map.

The crop yield of each crop i rice (conventional and heirloom), corn, and tomato were
annotated as high, moderate, or low yield using the existing data reports as a basis. Using the
1km-by-1km resolution grid maps, the participants documented the crop occurrences of each
crop. These georeferenced crop occurrence data were then formatted in comma separated
value (.csv) and were used for suitability analysis along with the bioclimatic variables with

1km?resolution.

Current Conditions

A total of 19 bioclimatic variables (Table 1) were selected to assess the climate suitability of

the selected crops. These bioclimatic variables were acquired from WorlClim, a database of

high spatial global and climate data. These bioclimatic variables, representing annual trends,

seasonality, and extremes of the environment; accumulated from weather station data from

19611 1990, were derived from monthly temperature and rainfall values to produce biologically

relevant variables (Hijman, et al., 2005). These are necessary to understand species'
responses to climate change (O6Donnell and 1l gniz
to temperature are Bio 1 to Bio 11 while those related to precipitation are Bio 12 to Bio 19.

The data is in raster format with 1km? resolution.
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Table 1. The Bioclimatic variables used and their descriptions.

Code Climatic variable Description

_ Annual mean temperature derived from the
Biol Annual Mean Temperature
average monthly temperature.

_ . The mean of the monthly temperature ranges
Bio2 Mean diurnal range _ _ o
(monthly maximum minus monthly minimum).

Bio3 Isothermality Oscillation in day-to-night temperatures.
(Bio2/Bio7)*(100)
The amount of temperature variation over a given
Bio4  Temperature seasonality year based on standard deviation of monthly

temperature averages

_ The maximum monthly temperature occurrence
_ Maximum temperature of _ _ .
Bio5 over a given year (time-series) or averaged span
warmest month
of years (normal).

_ The minimum monthly temperature occurrence
_ Maximum temperature of _ _ _
Bio6 over a given year (time-series) or averaged span
coldest month o _ )
of years (normal). Variation over a given period.

_ Temperature annual range
Bio7 ) ) A measure of temperature
(Bio5-Bio6)

This quarterly index approximates mean
Mean temperature of wettest

Bio8 temperatures that prevail during the wettest
quarter
season.
Biog Mean temperature of driest This quarterly index approximates mean
io
quarter temperatures that prevail during the driest quarter.
This quarterly index approximates mean
_ Mean temperature of warmest _ _
Biol0 temperatures that prevail during the warmest
quarter
quarter.
This quarterly index approximates mean
_ Mean temperature of coldest _ _
Bioll temperatures that prevail during the coldest

quarter
quarter.

_ S This is the sum of all total monthly precipitation
Biol2 Annual precipitation
values.

_ S This index identifies the total precipitation that
Biol3 Precipitation of wettest month _ _
prevails during the wettest month.

_ S _ This index identifies the total precipitation that
Biol4 Precipitation of driest month _ . _
prevails during the driest month.

This is a measure of the variation in monthly

S _ precipitation totals over the course of the year.
_ Precipitation seasonality o _ _ o
Biol5 o o This index is the ratio of the standard deviation of
(Coefficient of variation) o
the monthly total precipitation to the mean monthly

total precipitation and is expressed as percentage.
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Code Climatic variable Description

o This quarterly index approximates total
_ Precipitation of  wettest o _ _
Biol6 precipitation that prevails during the wettest
quarter
quarter.

_ L _ This quarterly index approximates total
Biol7 Precipitation of driest quarter o ) ) )
precipitation that prevails during the driest quarter.

o This quarterly index approximates total
_ Precipitation  of  warmest S _ )
Biol8 precipitation that prevails during the warmest
quarter
quarter.

S This quarterly index approximates total
_ Precipitation ~ of  coldest S _ _
Biol9 precipitation that prevails during the coldest
quarter
quarter.

Source: http:/Awww.WorldClim.org

Future Conditions

According to Woodward (1987), plant distribution is primarily controlled by climate. In order to
analyze the changes in crop suitability under climate change, crop distribution has to be
modeled using future downscaled climate data (IPCC, 2001). The Representative
Concentration Pathways (RCP) provide potential trajectories that project future changes in
climate by assessing a series of different uncertainties. Four scenarios i RCP2.6, RCP4.5,
RCP6, and RCP8.5 were developed based on their total radiative forcing (i.e. cumulative
measure of human emissions of greenhouse gas (GHG) from all sources expressed in Watts
per square meter) pathway and level by 2100 (van Vuuren et al., 2011). Thescenar i 00s
storyline describes a heterogeneous world with a continuously increasing global population,
resulting in a global population of 12 billion by 2100 (Riahi et al., 2011). Over the years, the
GHG emissions and concentrations have considerably increased following the trend of the
8.5 scenario reaching a radiative forcing of 8.5 W/m? by the year 2050. RCP 8.5 is
characterized by increasing greenhouse gas emissions, high rates of population growth,
modest Gross domestic product (GDP) growth, and low rates of technological development
and uptake (van Vuuren et al. 2011). It is considered as the most severe of the future
scenarios documented in the IPCC Fifth Assessment Report (Field et al. 2014). Thus, for this

study, RCP 8.5 was used as a basis for future projections of climate change by the year 2050.

Crop Distribution Modelling Tool

Maximum Entropy (MaxEnt) species distribution model Ver. 3.3.3k was used to create
predictive maps of crop suitability based on the crop occurrence points and environmental
layers. Maxent, a presence-only machine learning model, was recognized as an effective tool
for modeling species geographic distribution based on environmental conditions of sites of
known occurrence (Elith et al., 2006 and Phillips et al., 2006). The tool is commonly used to
estimate the most suitable areas for crops based on the probability of geographic areas where

the distribution of crops is scarce (Elith and Burgman, 2001). MaxEnt compared to other
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modeling tools produces impressive predictions of crop suitability (Phillips et al., 2008). This
model makes wuse of a correlative model of t he
environmental requirements and predicts the relative suitability of location (Davis et al., 2012).
These environmental requirements were represented by bioclimatic variables (Table 1) which

are combined to determine areas most suitable for a specific crop.

Sensitivity Analysis

Sensitivity is the degree to which a system is positively or negatively affected by climate-
related stimulus (Laderach et al., 2011). Sensitivity is the change in the climatic suitability of
an area to grow a crop. The climatic suitability of each crop was analyzed using QGIS, an
open-source GIS software. The analysis involves a step-by-step process that involves the
use of QGIS tools such as raster calculator, reclassification, and zonal statistics. The crop
suitability of each crop was determined by subtracting the future from baseline suitability
(expressed as percentage) (Palao et al., 2017). This reflects the degree of crop sensitivity to
changing environmental conditions.

Crop sensitivity formula:

Future C&€nudirteindn< b
n

Current Condi

H;(.o

ndit
10

ions
To identify the suitability of each crop for the future, crop sensitivity was reclassified based on
the sensitivity index formulated by CIAT. This index ranges from -1.0 to 1.0, where 0.25t0 1.0
indicates low suitability, while - 0.25 to -1.0 signifies gain in suitability. A value of zero implies
no change in suitability (Table 2). The higher change in the negative direction reflects a higher

impact caused by climate change (Palao et al., 2017).

Table 2. Sensitivity index based on percent change in crop suitability from baseline to future

condition.
Percent Change in Suitability (Range in %) Index Description
<=-50 (Very high loss) 1.0
>-50 & <= -25 (High loss) 0.5 Loss
> -25 & <= -5 (Moderate loss) 0.25
> -5 & <=5 (No change) 0 No Change
> 5 & <= 25 (Moderate gain) -0.25
> 25 & <= 50 (High gain) -0.5 Gain
> 50 (Very high gain) -1.0

Source: Palao et al., 2017
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Hazard Index

Hazard is the nature and degree to which a system is exposed to significant climatic variations
and extreme events (IPCC, 2014). In CRVA, the hazards considered are identified based on
their known potential impact on the agricultural sector and characterized by their extent,

magnitude, severity, duration, and variability (Bragais et al., 2020 and Parker et al., 2019).

Hazard Dataset

Eight (8) climatic hazards, namely tropical cyclones, flood, drought, soil erosion, landslide,
sea level rise, storm surge, and salt water intrusion were identified to affect agricultural
production in the Philippines, especially rice and maize, which are highly vulnerable to
typhoons (Palao et al., 2017). Hazard datasets refer to historical databases to evaluate the
current susceptibility of a hazard to occur in a geographic area (Bragais et al., 2020). These
datasets were sourced from various mandated agencies such as the Mines and Geosciences
Bureau of the Department of Environment and Natural Resources (MGB, DENR), National
Water Resources Board, Bureau of Soils and Water Management (BSWM), and Disaster Risk
and Exposure Assessment for Mitigation, Department of Science and Technology (DREAM,
DOST) through the AMIA program. Different weights were assigned for each hazard and it
varies in terms of degree, intensity, frequency, and potential damage. In this study, sea level
rise, storm surge, and salt water intrusion were excluded since Ifugao is a landlocked
province. The weights given for typhoon, flood, drought, erosion, and landslide were 27.29%,
25.99%, 19.44%, 15.59%, and 11.69%, respectively. These hazards are considered the major
driving factors of high-hazard exposure. The identification and assigning of hazard weights
were based on the result of workshops and consultations conducted by CIAT with local and
national experts - state universities and colleges (SUCs) experts/focal persons and the DA-

System Wide Climate Change Office in the Philippines

The hazard datasets of the province were converted into raster format for easy processing
(Figure 3). Processing of these hazards was mostly done using QGIS software. The mean
values of the tropical cyclone, flood, soil erosion, and landslide and sum values for drought in
the different municipalities of Ifugao were determined using the zonal statistics function in
QGIS. The mean and sum values were normalized in each municipality. Furthermore, hazard
indices for each municipality were calculated by multiplying the normalized value of each
hazard by its respective weights (Luzon) and getting the overall sum. The formula used is
shown below:
0= G
where: (zorresponds to each hazard,
0 s the weight of the hazard "Qand

"(is the normalized value of hazard "Q
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The hazard index was again normalized using the equation. Hazard index was classified into
five (5) categoriesi 0 - 0.20 (very low), 0.20 7 0.40 (low), 0.407 0.60 (moderate), 0.60 7 0.80
(high), and 0.80 1 1.00 (very high).

Normalization formula:

hazi dx —n—e—f—m:

where: hazidx_norm is the normalized value of the hazard index and x

is the value of a particular hazard.

=
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Figure 3. Raster hazard data clipped from the data provided by CIAT.

Adaptive Capacity Index

Aside from exposure and sensitivity, adaptive capacity (AC) is one of the three (3) components

of CRVA. Itis also one of the components in measuring resilience. Climate change does not

equate to disaster itself, but it depends on how the risks are managed. Adaptation, in the

climate change context, referstoiadj ust ment in natur al or human
actual or expected climatic stimuli or their effects, which moderates harm or exploits beneficial
opport RGCt20@&)s O

This study considered six (6) capitals to determine the adaptive capacity index of the eleven
municipalities in Ifugao Province. These capitals include economic, human, physical,
institutional, anticipatory, and natural. Each capital has various sets of indicators as shown in
Table 4. The indicators for economic, human, physical, institutional, and anticipatory were
derived from the available data (mostly from 2018) of the Cities and Municipalities
Competitiveness Index (CMCI) of the Department of Trade and Industry (DTI). These were
aggregated data from the respective local government units of the province and from the
different mandated agencies. In addition, the data on natural indicators were extracted from
the 2020 Land Use and Land Cover data produced by the National Mapping and Resource

Information Authority (NAMRIA). Each indicator was normalized and summed up to get the

Towards Climate- Resilient and Sustainable Agriculture: 11| Page
Targeting and Prioritization for the Adaptation and Mitigation
Initiative in Agriculture (AMIA) in Ifugao Province



S
=i /: : @
1898 @

index of each capital. The overall adaptive capacity index was then derived from the
normalized value of the sum of all capital indices. Since the focus of this study is vulnerability,
the AC index was inverted wherein a value of 1.0 implies low adaptive capacity and was used
in determining vulnerability index. The capital indices, overall AC index, and inverted AC index
of the different municipalities were integrated into the spatial data of Ifugao province that
contains municipal boundaries. The value of the indices was classified into five (5) equal
breaks: 0-0.20 (Very Low), 0.20-0.40 (Low), 0.40-0.60 (Moderate), 0.60-0.80 (High), and 0.80-
1.00 (Very High).

Table 3. List of capitals with their indicators.

Capital Indicator

Classification

Gross sales of registered firms

Total capitalization of new business

Number of approved business permits for new business applications

Number of approved business renewals

Number of occupancy permits approved

Number of approved fire safety inspection

Number of declared employees for new business applications

Number of declared employees for business renewals

Local inflation rate

Cost of electricity - Commercial users and Industrial firms/customers

Cost of water - Commercial users and Industrial firms/customers

Price of diesel as of December 31, 2018

Regional daily minimum wage rate agricultural plantation and non-
Economic plantation (amount in Peso) 2015

Daily minimum wage rate - non-agricultural (Establishments with more

than 10 workers)

Cost of land in a central business district

Cost of rent

Number of universal/commercial banks

Number of thrift and savings banks

Number of rural banks

Number of finance cooperatives

Number of savings and loan associations with quasi-banking functions

Number of pawnshops

Number of money changers/foreign exchange dealers

Number of remittance centers

Number of microfinance institutions

Total number of LGU recognized / registered business groups

Total number of other business groups
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Capital Indicator

Business tax collected by the LGU (in Php)
Real property tax collected by the LGU (in Php)
Total revenues of the LGU (in Php)

Total LGU budget

Capacity of public and private health services i Doctors
Capacity of public and private health services 1 Nurses
Capacity of public and private health services i Midwives
Human Public and private secondary education - Number of Teachers
Public and private secondary education - Number of Students

Number of local citizens with PhilHealth registration

Existing road network asphalt (in km.)
Total land area
Percentage of households with water and electricity service
Number of public and private secondary and tertiary schools
Number of public and private - Clinics
Number of public and private 1 Clinic Beds
Physical Number of public and private T Diagnostic Centers
Number of public and private - Hospitals
Number of public and private i Hospital Beds
Public and private T Infrastructure for Evacuation
Presence of drainage systems in LGU Center
Presence of water and power source

Presence of a sanitary landfill

Practice of Waste Segregation

Presence of comprehensive development plan
Presence of the local investment incentives code
Presence of the equivalent of an investment promotions unit
Getting building and occupancy permits i Minutes
Institutional Getting building and occupancy permits 1 Steps
Getting Mayords per mit fioMinutase w b u
Getting Mayords permit fioStepsnew bu
Getting business renewal permits i Minutes
Getting Business renewal permits 1 Steps
Presence of the CLUP and DRRMP

Presence of an office that implements the CLUP and DRRMP
- Presence of staff manning the office
Anticipatory _ _ _
Presence of local E.O or ordinance that mandates the implementation of
the CLUP and DRRMP

Conduct of LGU-wide disaster drill
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Capital Indicator

Date of latest LGU-wide disaster drill

Presence of an early warning system that integrates professional
responders and grassroots organization

Total Budget for DRRMP

Availability of local Geohazard Maps from DENR

Avalilability of LGU Risk Profile from DSWD

Total area of open forest in hectare
Total area of closed forest in hectare
Natural :
Total area of brushland and shrub land in hectare
Total number of protected area

Source: CMCIi DTl and NAMRIA

Vulnerability Assessment
The results of the assessment of three components of vulnerability i the sensitivity index of
each crop, exposure to hazard index, and adaptive capacity index were integrated to
determine the climate risk vulnerability index (CRVI) of the different municipalities in Ifugao.
These components were also given weights based on their relative importance, 70% was
assigned for adaptive capacity and 15% each for sensitivity and exposure to hazards. These
weights were used in calculating the CRVI as shown in the equation below:
fHaz, SenB.-i(A®a+ Ssn +1AC,)
where: Haz = hazard index, Sens = sensitivity index (;=crop), and AC =
adaptive capacity index. Wy=weight given for hazard, Ws=weight given

for sensitivity, and Wa=weight given for adaptive capacity.

The assigned weights were based on the results of the consultations and workshops of local
and national experts conducted by CIAT. Five (5) different scenarios/versions were created
using different percentages for each component (Table 5) since the analysis of weights for
each component of vulnerability is highly subjective. Although version 1 was used in this study,
the four other scenarios were prepared to compare if the result would be consistent despite

the changes in weights.

CRV maps of the rice, corn, and tomato in the province of Ifugao were produced using the
CRVI. In these maps, municipalities were classified into five (5) classes, very low, low,
moderate, high, and very high vulnerability. Finally, the crop occurrence data were overlaid to

the CRV maps to easily identify the areas for prioritization of intervention.
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Table 4. Weights used to assess vulnerability assessment.

Version Sensitivity (%) Hazard (%) Adaptive Capacity (%)
Version 1 15 15 70
Version 2 33 33 33
Version 3 25 25 50
Version 4 20 20 60
Version 5 30 30 40
V. Results and Discussion

Sensitivity Index

Current Crop Occurrences

The crop occurrence maps of heirloom and conventional rice, corn, and tomato are the results
oftheparticipatory mapping. These were based on t
reports/data from their respective municipalities. Based on the result (Figure 4), most heirloom
rice is produced in the mountainous municipalities of the province: Banaue, Hingyon,
Hungduan, and Kiangan. Some production areas are also found in Aguinaldo, Asipulo, and
Tinoc. Conventional rice production, on the other hand, is distributed throughout the province
(Figure 5) with the municipality of Alfonso Lista being the top producer as compared with the
municipalities of Banaue and Hungduan with the lowest production. The municipalities of
Aguinaldo and Alfonso Lista have the highest corn production in the province as compared to
other municipalities (Figure 6). Results also show that the municipality of Tinoc is the top
producer of tomatoes (Figure 7) along with the municipalities of Banaue, Hingyon, Hungduan,
and Kiangan. Few productions are areas are found in the municipalities of Aguinaldo, Lagawe,

Lamut, and Mayoyao.
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Figure 4. Crop occurrence map of heirloom rice in Ifugao.
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Figure 5. Crop occurrence map of conventional rice in Ifugao.
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Figure 6. Crop occurrence map of corn in Ifugao.
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Figure 7. Crop occurrence map of tomato in Ifugao.

Crop Sensitivity

Heirloom Rice

Traditional agricultural systems are well adapted to the local ecosystems in growing heirloom
rice varieties have been passed down through generations in the terraces of Cordilleras. One
example is the famous Banaue Rice Terraces found in Banaue, Ifugao which is listed by
UNESCO as one of the World Heritage Sites. These traditional agricultural systems, however,
have been threatened by climate change (Sekine, 2021). The raster data shown in Figure 8
indicate the change in the current and future crop suitability of heirloom rice in all
municipalities. The areas with lighter color are the most suitable areas in contrast with the
areas with darker color which has lesser suitability. Also, based on the sensitivity analysis of
heirloom rice production in Ifugao province (Figure 9), all municipalities are considered to have
a loss in crop suitability. This finding is supported by the study conducted in Batad Rice
Terraces, Banaue which revealed that rice in the area has a high sensitivity to climate change
impacts that are aggravated by acidic soil pH, soil potassium deficiency, the perceived
increase in the presence of pests, the high dependence on irrigation structure, agricultural

unsuitability, and food import dependency (Ducusin et. al., 2019).

Figure 8. Baseline and projected crop suitability of heirloom rice in Ifugao.
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Figure 9. Sensitivity index of heirloom rice in Ifugao.

Conventional Rice

The province only contributed 10% or approximately 32,934 MT to the total production in the
region (338,067 MT) (PSA, 2022). Based on the projected suitability map of conventional rice
in the province, there will be a huge suitability loss in areas of lower elevation especially in the
municipalities of Alfonso Lista, Aguinaldo, Lamut, Lagawe, and Mayoyao. The raw data of
current and future suitability maps are shown in Figure 10. The sensitivity index map shows a

loss in suitability across all municipalities in the province (Figure 11).

Current Suitability: Conventional Rice Future Suitability: Conventional Rice

Figure 10. Baseline and projected crop suitability of conventional rice in Ifugao.
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Figure 11. Sensitivity index of conventional rice in Ifugao.

Corn

Corn production in Ifugao province is primarily concentrated in the municipalities of Alfonso
Lista, Aguinaldo, Lagawe, and Lamut. Figure 12 shows the crop suitability of corn in the
province of Ifugao. Results of sensitivity shows that all municipalities will have a loss in
suitability by the year 2050 in corn production in the Ifugao province (Figure 13). The World
Meteorological Organization (WMO) reported that corn production would be more affected by
the increase in air temperature, enhancing respiration and shortening the maturity period and
thereby decreasing the yield. Moreover, the study of JAgermeyr et al (2021) revealed a 24%
decrease in maize or corn yield globally by 2030 under a high gas emissions scenario (RCP
8.5).

: ;

AGLANALDO

Current Suitability: Corn

Figure 12. Baseline and projected crop suitability of corn in Ifugao.
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Figure 13. Sensitivity index of corn in Ifugao.

Tomato

Tomato is more suitable in areas with higher elevation as compared with the areas in lower
elevation thus the municipalities in higher elevation have higher production than those in the
lower elevation (Figure 14). The future suitability map, however, suggests that by the year
2050, there will be a huge loss in the suitability of tomatoes in terms of temperature and
precipitation changes. The sensitivity analysis map (Figure 15) also shows the same result as

there is a loss in suitability across all municipalities.

Current Suitability: Tomato Future Suitability: Tomato

Figure 14. Baseline and projected crop suitability of tomato in Ifugao.
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Figure 15. Sensitivity index of tomato in Ifugao.

Hazard Index
Tropical Cyclone
Tropical cyclones are the most destructive natural disaster globally. The Philippines
experiences numerous typhoons because it is situated along the Pacific typhoon belt. The
Philippine Area of Responsibility is visited by an average of 20 typhoons per year and half of
these make landfall (Cinco et al., 2016). From 2001 i 2010, the country had a total of 171
typhoons with of which Luzon having the highest occurrence of this hazard was in Luzon,
particularly in the Cagayan Valley, llocos Region, CAR, Central Luzon, and Bicol Region
regions (Israel & Briones, 2013). Desquitado et al (2020) further reported that Luzon had the
highest occurrences of typhoons from 1989 to 2016. According to Holden & Marshall (2018),
Northern Luzon is one of the areas that is heavily affected by the risks of typhoons. The
production of rice and corn in the Philippines is highly vulnerable to tropical cyclones since
their high occurrence coincides with the growing period of these crops (Bragais et al., 2020).
The results presented in Figure 16 show that Alfonso Lista and Aguinaldo which are located
in lower elevations, have the highest exposure to tropical cyclones among the municipalities
of Ifugao province, followed by Mayoyao. The municipalities of Banaue, Lagawe, Lamut,
Asipulo, and Tinoc have low exposure while Hungduan, Hingyon, and Kiangan have very low
exposure to tropical cyclones. While rain from tropical cyclone is an important source of
irrigation to support crops, it can also bring destructive intense rainfall and strong wind and
can induce hazards such as floods and landslides (Racoma et al., 2021). Heavy rains and
strong wind disrupt the activities of lowland rice farmers and makes upland corn and highland
vegetable growers vulnerable to strong winds and other climate-related hazards like soil
erosion and landslides (Giles et al., 2019). In fact, it was reported that between 1970 to 2018
the province of Ifugao frequently experienced rice damage (13 to 14 times) caused by tropical
cyclones (Yuen et al., 2022).
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Figure 16. Tropical cyclone index of the different municipalities in Ifugao.

Flood

Floods are often brought about by tropical cyclones and heavy rainfall. This natural disaster
is the leading cause of natural disaster deaths worldwide and is responsible for 6.8 million
deaths in the 20th century (Doocy et al. 2013). According to the World Bank Group, (2011),
heavy rainfall associated with typhoons and other weather systems may increase both in
intensity and frequency over time under a changing climate and can exacerbate the incidence
of flooding in existing flood-prone areas and introduce the risk of flooding to new areas. From
2000 to 2010, the total value of agricultural damage, by commaodities, affected by typhoons,
floods, and droughts in the Philippines amounted to a total of USD 2,234.21 million (Israel &
Briones, 2013).

Based on the assessment of exposure to hazards, the municipality of Lamut is most exposed
to flood (Figure 17). This is due to its geographical setting wherein the primary river, Lamut
River, and its tributaries are located. It can be recalled that three barangays of Lamut were
flooded in August 2022 which damaged 17 ha of vegetable gardens and rice fields. Reports
revealed that the flood was triggered by heavy rains that caused Nayon River, one of the
tributaries of Lamut River. to overflow (Quitasol, 2022). Moreover, according to the report of
ReliefWeb (2022), in the same year, the province of Ifugao experienced heavy rains brought
by the southeast monsoon that caused flash floods and landslides which affected the
populace. This resulted in damage to properties including crops amounting to
Php14,659,990.00.
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Figure 17. Flood index of the different municipalities in Ifugao.

Landslide

Landslides are a potentially hazardous natural disaster. It is the movement of a mass of rock,
debris, or earth down a slope under the influence of gravity (Highland et al., 2008). It is one of
the most common natural hazards in mountainous regions that can cause major damage to
properties and at times, result in significant loss of human lives. It is often triggered by natural
activities such as storms, heavy and prolonged rainfall, and earthquakes. They may be also
caused by anthropogenic activities such as land use conversion and intensification. The
Cordillera Administrative Region, like any mountainous area, is prone to landslides due to its
rugged topography and soil properties. The elevation, slope angle, and slope aspect are
considered important conditioning factors in landslide occurrence. Slope instability is high in
higher elevations and a steeper slope means higher gravity and shear stress of the slope
causing an increased probability of slope failure.

It was evident from the result shown in Figure 18 that the municipalities located in higher
elevations including Banaue, Hingyon, Hungduan, Tinoc, and Asipulo have very high
exposure to landslides followed by Kiangan and Mayoyao. Lagawe and Aguinaldo are

moderately exposed whereas Lamut and Alfonso Lista have very low exposure to landslide.
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Figure 18. Landslide index of the different municipalities in Ifugao.

Soil Erosion

Soil erosion is defined as the movement and transport of the upper layer of soil by various
agents including water and wind which makes climate the key factor (Bullock, 2005). Also,
human activities such as land use conversion, deforestation, unsustainable farming practices,
and poor land and water management have caused the quality of soil to decline, thus
contributing to soil degradation. In the province of Ifugao, Aguinaldo, Mayoyao, and Hingyon
are very highly exposed to soil erosion followed by Lagawe while the rest of the municipalities

have very low to moderate exposure as shown in Figure 19.
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Figure 19. Soil erosion index of the different municipalities in Ifugao.
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Drought

The World Bank Group (2011) reported that prolonged droughts are associated with the El

Nifio phenomenon and these natural events will likely intensify in the future in the Philippines.

In the province of Ifugao, Alfonso Lista and Aguinaldo have the highest exposure to drought

followed by Lamut with moderate exposure. Mayoyao and Lagawe have low exposure while

the rest have very low exposure. It can be noticed in Figure 20 that areas in the lower elevation

are more exposed to drought as compared to those municipalities located in higher elevation.

Drought and/or floods that occur during a cropos
farm incomes thus reducing the hideos@hesétal., or f ar

2019) or at the very least, improve its adaptive capacity.

The severity of droughts in Luzon is strongly tied to the El Nifio Southern Oscillation (ENSO)
which has a strong modulating effect on rainfall patterns in the Philippines (Giles et al., 2019).
ENSO has become increasingly unpredictable, such that Luzon is experiencing dry conditions
during usually wet La Nifia events while Mindanao has excessive rains during usually dry El

Nifio events (Yumul et al., 2009).
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Figure 20. Drought index of the different municipalities in Ifugao.

Overall Hazard Index

The hazard index of the municipalities in Ifugao province was determined based on the

combination of five (5) climate-related hazardswhichc onsi dered t he relative 0
of each hazard using the assigned hazard weights. The result revealed that the municipalities

of Alfonso Lista and Aguinaldo are most exposed to climate-related with high and very high

exposure to tropical cyclone, drought, and soil erosion (Figure 21). These were followed by

Mayoyao as this municipality is the most exposed to soil erosion and highly exposed to

typhoons. Lagawe and Lamut, on the other hand, have moderate exposure to climate-related

hazards. The municipalities located in the upper part of the province were listed under the low

exposure classification.
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Figure 21. Overall hazard index map of Ifugao Province.

Adaptive Capacity Index

In term of economic capital, the municipalities of Alfonso Lista and Lagawe have the highest
adaptive capacity among the eleven (11) municipalities, Lamut has high, Banaue has
moderate, Hungduan and Aguinaldo have low, and the municipalities of Kiangan, Mayoyao,
Hingyon, Tinoc, and Asipulo have a very low rating (Figure 22a). The municipality of Alfonso
Lista has savings/rural banks, finance cooperatives, and microfinance institutions. In addition,
it has the highest revenues and taxes collected among the 11 municipalities. All of these sub-
indicators contributed to the high to very high economic capital index. In contrast, Mayoyao
obtained a very low adaptive capacity rating due to the unavailability of banks in the

municipality and low revenue and budget.

The municipalities of Lagawe and Lamut have very high adaptive capacity in terms of physical
capital, followed by Banaue and Alfonso Lista having high while Hingyon and Hungduan have
the lowest adaptive capacity (Figure 22b). The presence of a considerable number of facilities
such as Public Utility Vehicles (PUVs), secondary schools, health clinics and hospitals,
Automated Teller Machines (ATMs), ambulances, firetrucks, evacuation centers, drugstores,

and gas stations contributed to the high index of Lagawe and Lamut.

As for the institutional capital (Figure 22c), Lamut and Alfonso Lista have a high adaptive
capacity for this capital, followed by the municipalities of Lagawe, Aguinaldo, and Asipulo with
high index, Banaue and Kiangan with moderate, Hungduan and Hingyon are low, and the
municipalities of Tinoc and Mayoyao have very low. This capital is related to the processing
of permits, and programs and project activities (PPAs) supported by the government.

On the other hand, Lamut has a very high adaptive capacity index in human capital as shown
in Figure 22d, followed by Banaue as moderate, Alfonso Lista, Lagawe, and Kiangan have

low, and the rest of the municipalities have the lowest adaptive capacity namely Aguinaldo,
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Asipulo, Mayoyao, Tinoc, Hungduan, and Hingyon. This indicates that the municipality of

Lamut has high capacity in terms of health services and education.

The municipalities of Alfonso Lista, Lamut, Asipulo, Banaue, Lagawe, and Mayoyao have a
very high index for anticipatory capital, followed by Kiangan and Aguinaldo having a high
index, Hungduan, and Tinoc have a low, and Hingyon has a very low index as shown in Figure
22e. Among the eleven (11) municipalities, Asipulo had the most updated CLUP, although it
has one with the lower budget for DRRMP.In relation to natural capital, the municipalities of
Tinoc and Hungduan have the highest adaptive capacity. Aguinaldo, Asipulo, Banaue, and
Mayoyao have moderate, Lagawe has low, Kiangan, Alfonso Lista, Lamut, and Hingyon have
very low index as shown in Figure 22f. Parts of land located in the municipality of Tinoc
constitute the Mt. Pulag Protected Landscape stated in R.A. no. 11685 while Hungduan forms
part of the upper Agno River Basin Resource Reserve (UARBBR) which is also a protected

area and at the same time has the largest area of closed forest.
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Figure 22. Economic (a), Physical (b), Institutional (c), Human (d), Anticipatory (e), and Natural
(f) of Ifugao province.

Overall Adaptive Capacity Index

The Overall Adaptive Capacity Index is the integrated index of the six (6) capitals. It provides
significant information on how adaptive a particular municipality to the impact of climate
change. The most adaptive municipalities in Ifugao province are Lamut, Lagawe, and Alfonso
Lista followed by Banaue with high AC, Aguinaldo, and Asipulo are moderately adaptive, and
Kiangan, Hungduan, Tinoc, and Mayoyao have low AC (Figure 23). The municipality of
Hingyon obtained the lowest adaptive capacity rating because it has a consistency rating of
very low in all of the capitals except institutional capital which is low. This implies that they
have inadequate tools needed to better adapt to climate change impact, especially in the
agricultural sector. Since the study aims to determine the most vulnerable areas, the overall
adaptive capacity index is inverted. The inverted AC index shows the municipalities with the
lowest adaptive capacity in darker color (Figure 24). Hingyon has the highest adaptive
capacity when inverted because the spatial analysis of the differ=nt capitals show consistency
of having low to very low adaptive capacity. On the other hand, Alfonso Lista, Lagawe, and

Lamut have very low since the overall result of the capital shows that it has very high adaptive
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capacity (Figure 24). These implies that these municipalities with moderate to very high AC

have very low to low overall adaptive capacity.
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Figure 23. Overall Adaptive Capacity Index map of Ifugao Province.
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Figure 24. Inverted Adaptive Capacity Map Ifugao Province

Climate Risk Vulnerability

The final climate risk vulnerabi

ma p

components, sensitivity, and degree of exposure to hazard using the different weights

provided by CIAT. The results show consistency in the detection of highly vulnerable

municipalities regardless of the different weights used. However, the 70-15-15 (Version 1)

proportion was used as the final reference in the prioritization, targeting, and identification of

areas that threaten the resilience of agri-fisheries communities. In the identification of areas

for prioritization, the municipality must be found to be highly vulnerable and at the same time

must show high production of the selected crops.
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Heirloom Rice

Most of the known heirloom rice in the Philippines are grown in the famous terraces in the
Cordillera region (Daipan et al., 2023). But several types of Ifugao rice are on the brink of
extinction and these includes Ingudpur, Imbuucan, Ulikan, Ominio, and Jeykot Sticky rice
(Vista Residences, 2022).

Hingyon, Aguinaldo, and Mayoyao are the municipalities with high to very high vulnerability in
terms of heirloom production as shown in Figure 25. This is because these municipalities have
high to very high exposure to hazards, high loss in heirloom rice suitability, and low to very
low adaptive capacity. The municipality of Mayoyao consistently has very high vulnerability
despite the different weights assigned for the three components (Figures 25 and 26).
Hungduan, Kiangan, Asipulo, Tinoc, and Mayoyao have moderate to very high vulnerability
but with low heirloom rice production. Furthermore, as assessed in the result of participatory
mapping of this crop, heirloom rice was mostly grown in Hingyon and Aguinaldo with high
yield as shown in Figure 27. Therefore, Hingyon and Aguinaldo are recommended for

prioritization in terms of interventions.
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Figure 25. Vulnerability map of heirloom rice production in Ifugao (reference).
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Figure 26. Vulnerability maps of heirloom rice production in Ifugao using different weight
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Figure 27. Crop occurrences overlaid with the corresponding CRVA reference map.

Conventional Rice

According to the Philippine Statistics Authority (PSA, 2022), the total rice production in the
Cordillera went down from 377,133 MT in 2021 to 338,067 MT in 2022 which is approximately
a 10.4 percent decrease. This was due to the decrease in harvest area in 2022 (97,568 ha)

as compared to the harvest area in 2021 (101,556 ha) or approximately 14% decrease.

Furthermore, in 2022, Ifugao province only contributed 10% or approximately 32,934 MT to

the total production in the region; Kalinga province contributed the highest with 34% (114805
MT) followed by the province of Abra with 23% contribution (76,921 MT), Apayao with 22%
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contribution (74, 380 MT), Benguet with 7% contribution (23,411), and Mountain province with

the least contribution of only 4% (15,617 MT). In terms of average yield per hectare, Ifugao

province has the lowest yield in the region with only 2.74 MT.The municipalities of Aguinaldo,

Mayoyao, and Hingyon e high to very high climate-risk vulnerability for conventional rice

production as shown in Figure 28 and Figure 29. Additionally, these municipalities have low

to very high production. On the other hand, Alfonso Lista has low vulnerability but with

moderate to high production (Figure 30). Thus, in terms of interventions, Aguinaldo, Mayoyao,

Hingyon, and Alfonso Lista are recommended to be prioritized due to high climate risk

vulnerability and at the same time with high production of conventional rice.
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Figure 30. Crop occurrences overlaid with the corresponding CRVA reference maps.

Corn

One major economic activity in the eastern part of Ifugao is corn farming. The municipalities
of Alfonso Lista and Aguinaldo are the municipalities where corn is mostly produced and
harvested (Philippine Center for Postharvest Development and Mechanization, 2014). The
province of Ifugao ranked first with 73,711 MT or 34% share, followed by Kalinga with 66, 720
MT or 31%, Apayao with 30,349 MT or 14%, Mountain Province with 25,133 MT (12%), Abra
with 18,471 MT (9%), and Benguet with 483 MT or 0.22% share (Philippine Information
Agency, 2022).

Based on the results, the municipalities of Mayoyao and Hingyon have very high vulnerability
and Aguinaldo has high vulnerability (Figure 31). In comparison with other versions, Mayoyao
and Aguinaldo were classified either as high or very high vulnerability (Figure 32). However,
considering the production of Corn in Ifugao province, Aguinaldo was the most vulnerable

municipality followed by Alfonso Lista and Lagawe (Figure 33).
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Figure 31. Vulnerability map of corn production in Ifugao (reference).
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Figure 33. Crop occurrences overlaid with the corresponding CRVA reference maps.

Tomato

The major vegetables produced in the Cordillera Administrative Region include mongo,
ampalaya, cabbage, eggplant, tomato, potato, onion, camote and cassava, in 2020 which
amounted to 130,537.8 MT or 35.6% of the total vegetable production of the region, and Ifugao
came 4th with 3.2% share (PSA, 2021).

Tinoc is the top producer of tomatoes in Ifugao province but has a high vulnerability. It was
followed by the municipalities of Hingyon and Mayoyao having very high vulnerability but low
production as shown in Figures 34, 35, and 36.
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Figure 34. Vulnerability map of tomato production in Ifugao (reference).
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Figure 36. Crop occurrences overlaid with the corresponding CRVA reference maps.

VI. Conclusion

The potential impact of climate change on future crop yield is a major concern globally,
especially in tropical countries. It has brought negative impacts to agricultural production in
the Cordillera Administrative Region. This research project assessed the climate risk
vulnerability of the agriculture sector, particularly rice (heirloom and conventional), corn, and
tomato production in the 11 municipalities of Ifugao province through participatory mapping
workshops with local experts and the use of geospatial and modeling tools. The assessment
assumed that vulnerability is estimated as 70% adaptive capacity and 30% potential impact
(exposure to hazards and crop sensitivity). The results of the assessment revealed the most
vulnerable municipalities that need to be prioritized for climate adaptation and mitigation

technological interventions.
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The climatic suitability of the priority crops in Ifugao province was determined through climate
and species distribution modeling. Though crop suitability in changing temperature and
precipitation doesnodt only mean | oss inosuitabi
experience extreme loss in suitability for all the selected crops in almost all of its municipalities
by the year 2050 under the RCP 8.5 scenario. It only means that with this projection, the
reduction of rice, corn, and tomato yield is expected in the province. However, it is important
to take note that a decrease in crop suitability

survive.

Based on the assessment of the exposure to climate-related natural hazards, the major driving
factors of the overall hazard index in Ifugao province are tropical cyclone, landslide, and soil
erosion. Alfonso Lista and Aguinaldo are the most exposed to combined climate-related
hazards. Similar to the result of CRVA in Apayao Province and Mountain Province (Lumbres
et al., 2022 and Daipan et al., 2023), tropical cyclones, floods, and drought are predominant
in lower elevations, whereas, the municipalities located in higher elevations which include

Asipulo, Tinoc, Hungduan, Banaue, and Hingyon are highly exposed to landslide.

In terms of adaptive capacity, the municipality of Hingyon has the lowest adaptive capacity of
almost all the capitals among the municipalities in Ifugao province which also resulted in a
very low overall adaptive capacity, thus it is considered to be more vulnerable. Meanwhile,
Lagawe, the provincial capital, along with Lamut and Alfonso Lista have very high adaptive
capacity. This is also similar to the case of Benguet, Kalinga, and Mountain Province where

the capital towns/cities have the highest overall adaptive capacity indices.

By 2050, the agriculture sector of Hingyon and Mayoyao will be the most vulnerable. However,
in terms of prioritization, crop production must be considered. For instance, the CRVA of
heirloom rice in Mayoyao resulted in very high but this municipality does not produce this crop.
Therefore, in terms of prioritization for heirloom rice, the municipality of Hingyon was carefully
chosen. For conventional rice, Hingyon, Mayoyao, and Aguinaldo have the highest
vulnerability and produce conventional rice. Thus, these municipalities are considered for
prioritization for this crop. Additionally, tomatoes are produced in the municipalities of Tinoc
(high) and Hingyon (low to high) and are considered highly to very highly vulnerable in climate
risk assessment. Furthermore, in some cases, the crop production in such municipalities was
high but the CRVA was low. Similarly, corn production in Ifugao province is seen in the
municipalities of Alfonso Lista (high) and Aguinaldo (moderate) but in comparison to their
CRVA, Alfonso Lista resulted low while Aguinaldo is high. This result of CRVA is mainly
because these municipalities were characterized by high exposure to hazards, and high
sensitivity to climate change due to a decrease in crop suitability, while the adaptive capacity
was low which indicates very high vulnerability. Thus, climate change adaptation and
mitigation initiatives and projects of national agencies should be implemented in these

municipalities to uplift their agricultural sector.
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VII. Recommendation

Since it is projected that all of the selected crops will lose suitability, it is recommended to
have a better cropping system adaptation by planting better-adapted varieties. Resistant
crops must be developed through genomics. More research projects must be developed and
funded that will focus on improving the suitability of crops to the changes in climate most
especially precipitation and temperature through socially acceptable technological
interventions.

The province should be encouraged to practice agroforestry farming systems, especially in
the areas with steep slopes to lessen the negative impact of climate-related hazards and also
promote the planting of a variety of food crops, creation of buffer zones, and the cultivation of
the degraded land through reforestation and other practices. Slash and burn, as one of the
agricultural practices in Ifugao, must be prevented to preserve the loss of habitat as well as
global climate change effects. An improved irrigation system can also significantly help in

lessening the adverse impact of drought on agricultural sectors.

In terms of adaptive capacity, the provincial LGU must prioritize municipalities with low and
very low adaptive capacity the determine most especially Hingyon. Sustainable development
goal and its indicators can be used as a basis for determining important projects needed in
the different municipalities. National Government Agencies must fund more projects such as
infrastructures, human resources development, disaster risk reduction and climate proofing

and others.

Ultimately, Climate Resilient Agriculture technologies that could be identified through the
Climate Resilient Agriculture component of this research program, are recommended to be
implemented in the following municipalities: Hingyon and Aguinaldo for Heirloom rice,
Hingyon, Mayoyao, Aguinaldo, and Alfonso Lista for conventional rice, Aguinaldo, Alfonso
Lista, and Lagawe for corn, and the municipalities of Mayoyao, Hingyon, and Tinoc are

recommended to be prioritized for tomato.

VIIl.  Impact of the Project

The results of the project are being used by Philippine Rural Development Project (PRDP), a
national project under the Department of Agriculture (DA), in Provincial Commodity
Investment Plan (PCIP). The PCIP is a three-year multi-sectoral development plan based on
priority commodities of the province. In 2021, the DA mandated the use of CRVA results as
the standard assessment and targeting tool to improve PCIPs through a memorandum. The
CRVA can provide critical information to PCIP about vulnerability (hazard, adaptive capacity,
and climate suitability) (DA-CRO, 2021). The results of this project, including the results of
CRVA Benguet, Kalinga, Mountain Province, and Apayao can now be accessed in the PRDP

Pl anner s ttpsH/awwtdapldp-plannersportal.net/). This can serve as a basis for
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planning to adapt to adverse and negative impacts of climate change by various stakeholders

such as local farmers, agri-based entrepreneurs, and local government units.

Additionally, Dr. Roscinto lan C. Lumbres, the project leader, was invited by the Department
of Agriculture-Climate Resilient Agriculture Office (DA-CRAO) to serve as a resource person
on the Workshop on AMIA Decision Support Tools and Development Pathway. He discussed
CRVA to strengthen the in-house capacity of DA in conducting/updating CRVA. This national
workshop was conducted in Legazpi, Albay, Region V (Bicol) and was participated in by
Adaptation and Mitigation Initiative in Agriculture (AMIA) Program Staff and Planning Officers
from DA Regional Field Offices, Philippine Rural Development Program, Bureau of Soils and
Water Management, and DA Disaster Risk Reduction Management Unit. The CRVA Team
was also invited by DA-RFO-XII to conduct Training on Trainers (ToT) on CRVA in Region
XIl. It was attended by the Provincial and Municipal Local Government Units of Sultan
Kudarat, Saranggani, North Cotabato, and South Cotabato, as well as the other staff from DA-
RFO-XII.

Recently, Dr. Roscinto lan C. Lumbres, the project leader, was invited by DA-PRDP Regional
Project Coordination Offices (RPCO-CAR) to present the results of CRVA Mountain Province
and Ifugao Province for PCIP in two separate workshops. These provincial workshops were
attended by technical staff and planning officers from Local Government Units (LGUs), the
Office of the Provincial Agriculturist (OPAgQ), and the Office of the Municipal (OMAQ).
Furthermore, the AMIA program of Benguet State University created four (4) Memorandum of
Agreement, published one book chapter and one research article (published in SciEnggJ, an
open access journal indexed by Web of Science (ISl)), trained numerous stakeholders on the

application of Geographic Information System (GIS) in conducting CRVA.
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Climate-Resilient Agriculture Practices Assessment of Major Crops in Ifugao

ABSTRACT

Climate change in the Philippines is expected to endanger food security. In the Cordillera
Administrative Region (CAR), major crops such as rice, corn and tomato are widely cultivated.
These crops not only contribute to the food supply but is also the main source of income for
small-scale farmers. In the province of Ifugao particularly, the occurrence of typhoons and
monsoon rains from May to October significantly reduce the yield resulting in low income for
the farmers. Impact assessments on the vulnerability of the production system on the impact
of climate change are vital in the reduction of the negative effects of climate change on the
farmers. It will also facilitate the decision-making of government and non-government
institutions for helping farmers through different programs and policies. Thus, further
investigation is necessary on climate impacts at the farmers-level and their response,
adaptation and mitigation towards climate change. The objective of the study is to assess and
develop a climate-resilient agriculture platform as the basis for prioritizing climate adaptation
and mitigation technological interventions for rice, corn and tomato production in Ifugao.
Specifically, to characterize the value chain for major crops and identify and assess climate
risks and vulnerabilities for major crops in Ifugao. The study used the methodology developed
by the International Center for Tropical Agriculture (CIAT) for climate risk assessments.
Secondary data and information were gathered through desk review and primary data were
gathered through focus group discussions (FGDs), key informant interviews (KlIs), field
observation and photo documentation. Structured workshop templates and questionnaires
were also used. The chosen crops and study sites were identified by the Department of
Agriculture T Regional Field Office i Cordillera Administrative Region (DA-RFO-CAR).

Results revealed that corn and tomato production volume in Ifugao increased from 2012 to
2021 due to an increase in the area of production. On the other hand, rice production
decreased by 32.92 percent from 2012 to 2021. This decrease was due to the El Nifio
phenomenon and the occurrence of typhoons. In terms of farming systems practiced,
monocropping was predominantly practiced for rice, corn and tomato at different cropping
calendars. Farmers, laborers, farm suppliers and traders/buyers are the main value chain
actors involved from the provision of farm inputs to product marketing. Activities such as land
preparation, planting, crop maintenance, harvest and post-harvest activities were commonly
done in the value chain of rice, corn and tomato. The common climatic hazards observed for
rice, corn and tomato were typhoons, monsoon rains and drought. These climatic hazards
were observed by the farmers to be more unpredictable and noticeably prolonged. As a result,
severe to major consequences were observed during the acquisition of farm inputs and on-
farm production. The underlying factors that exacerbated these climatic impacts were limited
government support, poor road conditions and insufficient or poor irrigation systems. On the
involvement of men and women in the production process, men generally had high to very
high involvement, women had a medium to very high involvement, youth had medium to high

invol vement , while children had I ow to no invol\

Towards Climate- Resilient and Sustainable Agriculture: 40| Page
Targeting and Prioritization for the Adaptation and Mitigation
Initiative in Agriculture (AMIA) in Ifugao Province


















































































































































































































