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∫∑§—¥¬àÕ

°“√æ—≤π“√–∫∫ π—∫ πÿπ°“√µ—¥ ‘π„®‡æ◊ËÕ°“√»÷°…“º≈°√–∑∫¢Õß°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘Õ“°“»

(À√◊Õ¿“«–‚≈°√âÕπ) µàÕ√–∫∫°“√º≈‘µÕ“À“√‰¥â√—∫°“√ π—∫ πÿπ®“°Àπà«¬ß“π√–¥—∫™“µ‘·≈–π“π“™“µ‘∑”„Àâ

 “¡“√∂æ—≤π“‚ª√·°√¡√–∫∫ π—∫ πÿπ°“√»÷°…“º≈°√–∑∫µàÕ√–∫∫°“√º≈‘µæ◊™ (Crop Production Systems Decision

Support System: CropDSS) ºŸâ„™âß“π “¡“√∂„™â‚ª√·°√¡ CropDSS ∫π‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å à«π∫ÿ§§≈  “¡“√∂

‡™◊ËÕ¡‚¬ß∞“π¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë ’Ë™—Èπ¢âÕ¡Ÿ≈‰¥â·°à ¢Õ∫‡¢µ°“√ª°§√Õß ·ºπ∑’Ë¥‘π ·ºπ∑’Ë‡¢µ¿Ÿ¡‘Õ“°“» ·≈–·ºπ∑’Ë°“√

ª≈Ÿ°æ◊™√“¬æ◊™ √«¡°—∫·∫∫®”≈Õß°“√º≈‘µæ◊™¢Õß‚ª√·°√¡ DSSAT45 (Decision Support System for

Agrotechnology Transfer: DSSAT) ·∫∫®”≈Õß∑’Ë∑”°“√»÷°…“Õ¬à“ß°«â“ß¢«“ß„πª√–‡∑»‰∑¬‰¥â·°à ·∫∫®”≈Õß¢â“«

·∫∫®”≈Õß¡—π ”ª–À≈—ß ·∫∫®”≈ÕßÕâÕ¬‚√ßß“π ·≈–·∫∫®”≈Õß¢â“«‚æ¥‡≈’È¬ß —µ«å ́ ÷ËßµâÕß°“√¢âÕ¡Ÿ≈ ¿“æ¿Ÿ¡‘Õ“°“»

‰¥â·°à √—ß ’¥«ßÕ“∑‘µ¬å Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥µË” ÿ¥ ·≈–ª√‘¡“≥πÈ”Ωπ√“¬«—π ºŸâ„™âß“π “¡“√∂„™â‚ª√·°√¡ CropDSS

„π°“√»÷°…“«‘®—¬‡°’Ë¬«°—∫º≈°√–∑∫¢Õß¿“«–‚≈°√âÕπ‰¥â¥â«¬°“√∫Ÿ√≥°“√¢âÕ¡Ÿ≈·≈–Õß§å§«“¡√Ÿâ‡°’Ë¬«°—∫¿“«–‚≈°

√âÕπµ“¡¿“æ©“¬Õπ“§µ

Abstract

Impacts of climate change on crop production systems decision support system tool was developed,

under funding support from the Thailand Research Fund (TRF) and the International Consortium for Agricultural

Systems Applications (ICASA).  The CropDSS tool allows users to link four spatial databases; namely,

administrative, crop planted areas, soil boundary, and climate grid maps with four crop simulation models in DSSAT

(Decision Support System for Agrotechnology Transfer).  The models have been extensively tested in Thailand,

requires a minimum data sets of climate data such as solar radiation, temperature, and rainfall.  Users may use

CropDSS program to study the impacts of climate change on agricultural systems in an integral approach.

§” ”§—≠:† √–∫∫ π—∫ πÿπ°“√º≈‘µæ◊™, √–∫∫ π—∫ πÿπ°“√∂à“¬∑Õ¥‡∑§‚π‚≈¬’∑“ß‡°…µ√, §à“º‘¥æ≈“¥

 —¡∫Ÿ√≥å‡©≈’Ë¬, §à“º‘¥æ≈“¥‡©≈’Ë¬, §à“¥—™π’§«“¡·µ°µà“ß, ‚≈°√âÕπ, √–∫∫°“√º≈‘µæ◊™Õ“À“√
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∫∑π”

√–∫∫ π—∫ πÿπ°“√µ—¥ ‘π„®‡ªìπ‚ª√·°√¡

§Õ¡æ‘«‡µÕ√å∫Ÿ√≥°“√∞“π¢âÕ¡Ÿ≈ ∞“π·∫∫®”≈Õß

·≈–°“√ ◊ËÕ “√°—∫ºŸâ„™âß“π‡æ◊ËÕ°“√«‘‡§√“–ÀåÀ“∑“ß

‡≈◊Õ° ”À√—∫°“√·°âªí≠À“·∫∫‰√â‚§√ß √â“ß ªí≠À“

∑’ËÕ“®®–‡°‘¥¢÷Èπ®“°º≈¢Õß°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘

Õ“°“»‚≈° À√◊Õ Global climate change ‡ªìπ ‘Ëß∑’ËµâÕß

‡æ‘Ë¡¢’¥§«“¡ “¡“√∂„π°“√§“¥°“√≥å·≈–°“√®—¥°“√

Àπà«¬ß“π USEPA ‰¥âπ”„™â‚ª√·°√¡

DSSAT „π°“√»÷°…“‡√◊ËÕß°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘

Õ“°“»‚≈°·≈–Õÿª∑“π¢Õßæ◊™Õ“À“√¢Õß‚≈°

(Rosenzweig and Parry, 1994) ‚¥¬„™â‡Àµÿº≈«à“‡ªìπ

‚ª√·°√¡∑’Ë‡§√◊Õ¢à“¬ºŸâ„™âß“π∑—Ë«‚≈° ºà“π°“√∑¥ Õ∫

„π ¿“æ°“√º≈‘µ∑’ËÀ≈“°À≈“¬ ¡’∞“π¢âÕ¡Ÿ≈¡“µ√∞“π

∑”ß“π‰¥â‚¥¬„™â‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å¢π“¥‡≈Á° ·≈–¡’

§«“¡√«¥‡√Á«„π§”π«≥·≈–· ¥ß∑’Ë¬Õ¡√—∫‰¥â Õ¬à“ß‰√

°Áµ“¡‚ª√·°√¡ DSSAT ‰¡à‰¥âÕÕ°·∫∫‡æ◊ËÕ√Õß√—∫

°“√„™âß“π„πæ◊Èπ∑’Ë¢π“¥„À≠à ®÷ß¡’°“√æ—≤π“‚ª√·°√¡

¢÷Èπ¡“√Õß√—∫À≈“¬‚ª√·°√¡ ·µàºŸâ„™âß“πµâÕß¡’

‚ª√·°√¡ “√ π‡∑»¿Ÿ¡‘»“ µ√å∑’Ë¡’§à“„™â®à“¬

∫∑§«“¡π’È¡’®ÿ¥ª√– ß§å‡æ◊ËÕ√“¬ß“π°“√

æ—≤π“√–∫∫ π—∫ πÿπ°“√µ—¥ ‘π„®‡æ◊ËÕª√–°Õ∫°“√

»÷°…“º≈°√–∑∫¢Õß°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘Õ“°“»

‚≈°µàÕ√–∫∫°“√º≈‘µæ◊™ ‡ªìπ‚ª√·°√¡∑’Ëæ—≤π“

‡æ◊ËÕ„™âß“π∫π‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å à«π∫ÿ§§≈·≈–

 “¡“√∂· ¥ßº≈‡ªìπ¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë‡™‘ßÕ√√∂“∏‘∫“¬

Õÿª°√≥å·≈–«‘∏’°“√ (Material and

Methods)

√–∫∫ π—∫ πÿπ°“√µ—¥ ‘π„®√–∫∫

º≈‘µæ◊™‡™‘ßæ◊Èπ∑’Ë (Spatial Crop Production

Systems Decision Support System: CropDSS)

CropDSS ‡ªìπ‚ª√·°√¡§Õ¡æ‘«‡µÕ√å

 ”À√—∫‡§√◊ËÕß à«π∫ÿ§§≈ √–∫∫ªØ‘∫—µ‘°“√·∫∫

Windows XP À√◊Õ Vista ¡’√“¬°“√·≈–Àπâ“®Õ

‡ªìπ¿“…“‰∑¬·≈–Õ—ß°ƒ… ÕÕ°·∫∫„Àâ‡ªìπ‚ª√·°√¡

‡™◊ËÕ¡‚¬ß·∫∫®”≈Õßæ—≤π“·≈–°“√‡®√‘≠‡µ‘∫‚µ

¢Õßæ◊™¢Õß‚ª√·°√¡ DSSAT ‡¢â“°—∫∞“π¢âÕ¡Ÿ≈¥‘π

∞“π¢âÕ¡Ÿ≈¿Ÿ¡‘Õ“°“» ∞“π¢âÕ¡Ÿ≈æ—π∏ÿ°√√¡æ◊™ ·≈–

∞“π¢âÕ¡Ÿ≈°“√®—¥°“√º≈‘µæ◊™ ºŸâ„™âß“π “¡“√∂

°”Àπ¥°“√®—¥°“√º≈‘µæ◊™‰¥â °“√‡™◊ËÕ¡‚¬ß°—∫∞“π

¢âÕ¡Ÿ≈¿Ÿ¡‘Õ“°“»‡ªìπ à«π ”§—≠∑”„Àâ “¡“√∂»÷°…“

º≈°√–∑∫¢Õß°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘Õ“°“»

®“°¿“æÕπ“§µ¢Õß°ä“´§“√å∫Õπ‰¥ÕÕ°‰´§å¢Õß SRES

(IPCC, 2000) ªí®®ÿ∫—π “¡“√∂‡™◊ËÕ¡‰¥â°—∫∞“π¢âÕ¡Ÿ≈

¿Ÿ¡‘Õ“°“»®“°·∫∫®”≈Õß ECHAM4 SRES scenarios

A2, B2, ·≈– A1B

¢âÕ¡Ÿ≈¢—ÈπµË” ”À√—∫‚ª√·°√¡ CropDSS

√Ÿª∑’Ë 1 · ¥ß‚§√ß √â“ß¢âÕ¡Ÿ≈π”‡¢â“ ”À√—∫

‚ª√·°√¡ CropDSS ´÷ËßµâÕß°“√¢âÕ¡Ÿ≈ Õß à«π‰¥â·°à

¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë (spatial database) ·≈–¢âÕ¡Ÿ≈‡™‘ßÕ√√∂

(attribute database)

¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë¢—ÈπµË”¢Õß‚ª√·°√¡ CropDSS

ª√–°Õ∫¥â«¬∞“π¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë 4 ™—Èπ¢âÕ¡Ÿ≈ ‰¥â·°à

™—Èπ¢âÕ¡Ÿ≈°“√ª°§√Õß ™—Èπ¢âÕ¡Ÿ≈°“√º≈‘µæ◊™ ™—Èπ

¢âÕ¡Ÿ≈·ºπ∑’Ë¥‘π ™—Èπ¢âÕ¡Ÿ≈µ“√“ß¿Ÿ¡‘Õ“°“» ™—Èπ¢âÕ¡Ÿ≈

∑—Èß 4 ™—Èπ ª√–°Õ∫√«¡°—π‡ªìπÀπà«¬·ºπ∑’Ë®”≈Õß

 ∂“π°“√≥å (Simulation Mapping Unit: SMU)

´÷Ëß·µà≈– SMU ¡’§à“‡©æ“–¢Õß√À— °“√ª°§√Õß √À— 

·ºπ∑’Ë¥‘π ·≈– √À— µ“√“ß¿Ÿ¡‘Õ“°“» ‰¥â∑”°“√®—¥‡°Á∫

‡™‘ßæ◊Èπ∑’Ë„π sub-directory ¥—ß√“¬≈–‡Õ’¬¥„πµ“√“ß 1

¢âÕ¡Ÿ≈‡™‘ßÕ√√∂¢—ÈπµË”¢Õß‚ª√·°√¡ CropDSS

ª√–°Õ∫¥â«¬∞“π¢âÕ¡Ÿ≈°“√®—¥°“√æ◊™ ¢âÕ¡Ÿ≈¿Ÿ¡‘

Õ“°“»„π√Ÿª·∫∫∑’Ëæ√âÕ¡„™âß“π°—∫·∫∫®”≈Õß

‰¥â∑”°“√®—¥‡°Á∫‡™‘ßæ◊Èπ∑’Ë„π sub-directory ¥—ß√“¬

≈–‡Õ’¬¥„πµ“√“ß 1

ªí®®ÿ∫—π¡’¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë·≈–‡™‘ßÕ√√∂æ√âÕ¡

„™âß“π°—∫√–∫∫°“√º≈‘µæ◊™ 4 æ◊™„πª√–‡∑»‰∑¬

‚ª√·°√¡ CropDSS  “¡“√∂ª√–¬ÿ°µå„™â°—∫æ◊Èπ∑’ËÕ◊Ëπ‰¥â

‚¥¬ºŸâ„™âß“πµâÕß®—¥‡µ√’¬¡¢âÕ¡Ÿ≈¢—ÈπµË”¥—ß°≈à“«
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‚ª√·°√¡√–∫∫ π—∫ πÿπ°“√µ—¥ ‘π„®

‡æ◊ËÕ°“√∂à“¬∑Õ¥‡∑§‚π‚≈¬’‡°…µ√ (Decision

Support System for Agrotechnology

Transfer: DSSAT)

DSSAT ‡ªìπ‚ª√·°√¡§Õ¡æ‘«‡µÕ√å‡§√◊ËÕß

 à«π∫ÿ§§≈ √–∫∫ªØ‘∫—µ‘°“√·∫∫ Windows XP À√◊Õ

Vista ÕÕ°·∫∫„Àâ‡ªìπ‚ª√·°√¡‡™◊ËÕ¡‚¬ß·∫∫®”≈Õß

æ—≤π“·≈–°“√‡®√‘≠‡µ‘∫‚µ¢Õßæ◊™ ‡¢â“°—∫∞“π¢âÕ¡Ÿ≈¥‘π

∞“π¢âÕ¡Ÿ≈°“≈Õ“°“» ∞“π¢âÕ¡Ÿ≈æ—π∏ÿ°√√¡æ◊™ ·≈–

∞“π¢âÕ¡Ÿ≈°“√®—¥°“√º≈‘µæ◊™ ‚ª√·°√¡√ÿàπ 4.5

¡’·∫∫®”≈Õßæ◊™ 30 ·∫∫®”≈Õß ®—¥·∫àßÕÕ°‰¥â‡ªìπ  9

°≈ÿà¡ ‰¥â·°à ∏—≠æ◊™ æ◊™µ√–°Ÿ≈∂—Ë« æ◊™À—« æ◊™πÈ”¡—π

æ◊™º—° æ◊™‡ âπ„¬ æ◊™Õ“À“√ —µ«å æ◊™æ≈—ßß“π ·≈–‰¡â

º≈ „π°≈ÿà¡∏—≠æ◊™¡’·∫∫®”≈Õßæ◊™ 6 æ◊™ ‰¥â·°à ¢â“«

∫“√å‡≈¬å (Hordeum vulgare L.) ¢â“«‚æ¥‡≈’È¬ß —µ«å (Zea

mays L.) ¢â“«øÉ“ßÀ“ß°√–√Õ° [Pennisetum glaucum

(L.) R.Br.] ¢â“« (Oryza sativa L.) ¢â“«øÉ“ß [Sorghum

bicolor (L.) Moench] ·≈–¢â“« “≈’ (Triticum aestivum

L.) æ◊™µ√–°Ÿ≈∂—Ë«¡’·∫∫®”≈Õßæ◊™ 7 æ◊™ ‰¥â·°à ∂—Ë«·¢°

(Cicer arietinum L.) ∂—Ë«æÿà¡ (Vigna unguiculata L.)

∂—Ë«·Àâß (Phaseolus vulgaris L.) ∂—Ë«ø“∫â“ (Vicia faba

L.) ∂—Ë«≈‘ ß (Arachis hypogea L.) ∂—Ë«‡À≈◊Õß (Glycine

max L.) ·≈–∂—Ë«‡«≈‡«∑ [Velvet bean: Mucuna pruriens

(L.) DC.] æ◊™À—«¡’·∫∫®”≈Õßæ◊™ 4 æ◊™ ‰¥â·°à ¡—π

 ”ª–À≈—ß (Manihot esculenta Crantz) ¡—πΩ√—Ëß

(Solanum tuberosum L.) ∑“‡π’¬ (Taniers; Xanthosoma

spp.) ‡º◊Õ° [Taro; Colocasia esculenta (L.) Schott)]

æ◊™πÈ”¡—π ¡’·∫∫®”≈Õßæ◊™ 1 æ◊™ ‰¥â·°à ∑“πµ–«—π

(Helianthus L.) æ◊™º—° ¡’·∫∫®”≈Õßæ◊™ 5 æ◊™ ‰¥â·°à

æ√‘°À«“πÀ√◊Õæ√‘°À¬«° (Capsicum annuum L.)

°√–À≈Ë”À—« (Brassica oleracea L.) ¡–‡¢◊Õ‡∑» (Solanum

lycopersicum) ¢â“«‚æ¥À«“π (Zea mays L.) ·≈–

∂—Ë«Ωí° ¥ (Green bean; Phaseolus vulgaris) æ◊™‡ âπ„¬

¡’·∫∫®”≈Õßæ◊™ 1 æ◊™ ‰¥â·°à ΩÑ“¬ (Gossypium L.)

æ◊™Õ“À“√ —µ«å ¡’·∫∫®”≈Õßæ◊™ 2 æ◊™ ‰¥â·°à À≠â“

∫“‡Œ’¬ (Paspalum notatum Fluegge var. notatum) ·≈–

À≠â“ Brachiaria (À√◊Õ signal grass; Brachiaria (Trin.)

Griseb.) æ◊™æ≈—ßß“π ¡’·∫∫®”≈Õßæ◊™ 1 æ◊™ ‰¥â·°à

ÕâÕ¬‚√ßß“π (Saccharum officinarum L.) ·≈–

‰¡âº≈¡’·∫∫®”≈Õßæ◊™ 1 æ◊™ ‰¥â·°à  —∫ª–√¥ (Ananas

spp. L.) πÕ°®“°π’È¡’·∫∫®”≈Õß™à«ß‡«≈“∑’Ë‰¡à¡’°“√

ª≈Ÿ°æ◊™ (Fallow) ‡æ◊ËÕ°“√»÷°…“æ≈«—µ¢Õß¥‘π·≈–

∏“µÿÕ“À“√æ◊™

¢âÕ¡Ÿ≈¢—ÈπµË” ”À√—∫·∫∫®”≈Õßæ◊™

DSSAT

¢âÕ¡Ÿ≈¢—ÈπµË”À√◊Õ Minimum Data Set (MDS)

À¡“¬∂÷ß ¢âÕ¡Ÿ≈∑’ËµâÕß„™âß“π‡æ◊ËÕ°“√§”π«≥¢Õß·∫∫

®”≈Õß ª√–°Õ∫¥â«¬¢âÕ¡Ÿ≈°“≈Õ“°“» (Weather data)

¢âÕ¡Ÿ≈æ—π∏ÿ°√√¡æ◊™ (Genetic characteristics) ¢âÕ¡Ÿ≈

¥‘π (Soil data) ·≈–¢âÕ¡Ÿ≈°“√®—¥°“√º≈‘µæ◊™ ¢âÕ¡Ÿ≈¡’

°“√®—¥‡°Á∫„π√Ÿª·∫∫ ASCII (American Standard Code

for Information Interchange)  “¡“√∂‡ªî¥Õà“π‰¥â

‚¥¬‚ª√·°√¡ text editor ·≈– “¡“√∂æ‘¡æåÕÕ°

‡§√◊ËÕßæ‘¡æå·∫∫À—«‡¢Á¡ (Dot-matrix printer) À√◊Õ

‡§√◊ËÕßæ‘¡æå·∫∫À—«≈”· ß Laser (Laser printer) √“¬

≈–‡Õ’¬¥¢Õß¢âÕ¡Ÿ≈π”‡¢â“ ”À√—∫°“√„™âß“π·∫∫®”≈Õß

¥—ß· ¥ß„πµ“√“ß 2

°“√«‘‡§√“–Àåº≈°√–∑∫‚≈°√âÕπµàÕ

√–∫∫º≈‘µæ◊™

°“√‡ª√’¬∫‡∑’¬∫§à“®“°√–∫∫°“√º≈‘µ®√‘ß

·≈–®“°·∫∫®”≈Õß

‚¥¬„™â CropDSS ºŸâ„™âß“π “¡“√∂‡ª√’¬∫

‡∑’¬∫§à“∑’Ë®—¥‡°Á∫®“°√–∫∫°“√º≈‘µ®√‘ß (Observed:

OBS) ·≈–§à“∑’Ë·∫∫®”≈Õß§”π«≥ (Simulated: SIM)

‚¥¬ “¡“√∂‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬ (Mean) §à“ Ÿß ÿ¥-µË” ÿ¥

(Max-Min) §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π (SD) §à“√âÕ¬≈–

§«“¡·ª√ª√«π (%CV)

πÕ°®“°π’È ºŸâ„™âß“π “¡“√∂«‘‡§√“–Àåµ√«®

 Õ∫§«“¡·¡àπ¬”¢Õß§à“∑’Ë‰¥â®“°·∫∫®”≈Õß·≈–§à“∑’Ë

‰¥â®“°√–∫∫®√‘ß  Willmolt (1982), Du Toit and du

Toit (2003) ·≈– Timsina and Humphreys (2006) ‰¥â

‡ πÕ§à“ ∂‘µ‘À≈“¬§à“ ‚ª√·°√¡ CropDSS ‰¥â‡≈◊Õ°
´

1 11/11/09, 1:35 PM591



«“√ “√«‘®—¬ ¡¢. 14 (7) : °√°Æ“§¡ 2552592 √–∫∫ π—∫ πÿπ°“√µ—¥ ‘π„®‡æ◊ËÕ»÷°…“º≈°√–∑∫°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘Õ“°“»‚≈°

µàÕ√–∫∫°“√º≈‘µÕ“À“√

§”π«≥¥—™π’ 3 ¥—™π’ ‰¥â·°à 1) §à“ MAE (Mean Absolute

Error) §”π«≥µ“¡ ¡°“√ 1 ´÷Ëß‡À¡“–µàÕ°“√

«‘‡§√“–Àå¢âÕ¡Ÿ≈‡™‘ß‡«≈“·≈–·∫∫®”≈Õß¡’§«“¡·¡àπ¬”

 Ÿß‡¡◊ËÕ§à“ MAE ‡¢â“„°≈â 0.0; 2) §à“ Root Mean Square

Error (RMSE) §”π«≥µ“¡ ¡°“√ 2 ·∫∫®”≈Õß

¡’§«“¡·¡àπ¬” Ÿß‡¡◊ËÕ§à“ RMSE ‡¢â“„°≈â 0.00; ·≈– 3)

§à“ Agreement index (D-Index) §”π«≥µ“¡ ¡°“√ 3

·∫∫®”≈Õß¡’§«“¡·¡àπ¬” Ÿß‡¡◊ËÕ§à“ D-index ‡¢â“„°≈â 1.00

[1]

[2]

°”Àπ¥„Àâ

    n = ®”π«π§à“∑—ÈßÀ¡¥

    Si = §à“∑’Ë‰¥â®“°·∫∫®”≈Õß

    Oi = §à“∑’Ë‰¥â®“° ¿“æ®√‘ß

    Agreement index (D-Index)

[3]

°”Àπ¥„Àâ

N = ®”π«π§à“∑—ÈßÀ¡¥

Si = §à“∑’Ë‰¥â®“°·∫∫®”≈Õß

Oi = §à“∑’Ë‰¥â®“° ¿“æ®√‘ß

     = §à“∑’Ë‰¥â®“°·∫∫®”≈Õß - §à“‡©≈’Ë¬¢Õß§à“∑’Ë‰¥â

®“° ¿“æ®√‘ß (   )

= §à“∑’Ë‰¥â®“° ¿“æ®√‘ß - §à“‡©≈’Ë¬¢Õß§à“∑’Ë‰¥â®“°

 ¿“æ®√‘ß (   )

°“√«‘‡§√“–Àå°“√‡ª≈’Ë¬π·ª≈ß·≈–º≈

°√–∑∫µàÕº≈º≈‘µæ◊™

‚¥¬„™â CropDSS ºŸâ „™âß“π “¡“√∂

«‘‡§√“–Àåµ—«·ª√√–∫∫°“√º≈‘µæ◊™ ÷́Ëß‡ªìπ output ®“°

·∫∫®”≈Õß ‡æ◊ËÕ∑√“∫·π«‚πâ¡¢Õß°“√‡ª≈’Ë¬π·ª≈ß

(Trend) ¥â«¬· ¥ßµ“√“ßº≈º≈‘µ¢â“«À√◊Õµ—«·ª√

∑’ËµâÕß°“√ ·≈– “¡“√∂π”‡¢â“ Ÿà‚ª√·°√¡ MS EXCEL

‡æ◊ËÕ§”π«≥§à“ ∂‘µ‘æ◊Èπ∞“π‡æ◊ËÕ°“√‡ª√’¬∫‡∑’¬∫µàÕ‰ª

°“√∑¥ Õ∫‚ª√·°√¡ CropDSS

„™â CropDSS √à«¡°—∫·∫∫®”≈Õß¢â“«

CERES-rice ®”≈Õß°“√º≈‘µ¢â“«¢Õßª√–‡∑»‰∑¬„π

ƒ¥Ÿπ“ªï ¢âÕ¡Ÿ≈¿Ÿ¡‘Õ“°“»√“¬«—π‰¥â®“°·∫∫®”≈Õß

ECHAM 4 SRES A2 µ—Èß·µàªï §.». 1960-2099

„™â¢âÕ¡Ÿ≈·ºπ∑’Ë°≈ÿà¡™ÿ¥¥‘π¢Õß°√¡æ—≤π“∑’Ë¥‘π·≈–

¡’¢âÕ¡Ÿ≈Õ√√∂“∏‘∫“¬¢Õß·µà≈–™—Èπ¥‘πµ“¡™ÿ¥¥‘πµ—«·∑π

„™â¢âÕ¡Ÿ≈æ—π∏ÿ°√√¡¢Õß¢â“« °¢. ˜ ‚¥¬«—πª≈Ÿ° 15

 ‘ßÀ“§¡ (π“ªï) ·≈– 15 ¡°√“§¡ (π“ª√—ß) ¢Õß∑ÿ°ªï

®”π«π 16 °ÕµàÕµ“√“ß‡¡µ√ °Õ≈– 1 µâπ „™âπÈ”Ωπ

‡ªìπÀ≈—° ‰¡à¡’°“√‡µ‘¡πÈ”™≈ª√–∑“π ·≈–‰¡à¡’°“√

‡µ‘¡ªÿÜ¬‰π‚µ√‡®π „™â¢âÕ¡Ÿ≈º≈º≈‘µ¢â“«∑’Ë¡’°“√

√“¬ß“π‚¥¬ ”π—°ß“π‡»√…∞°‘®°“√‡°…µ√„π√–À«à“ßªï

æ.». 2523-2532 (§.». 1980-1989) ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫

§«“¡·¡àπ¬”¢Õß·∫∫®”≈Õß¢â“«

º≈

Àπà«¬·ºπ∑’Ë°“√®”≈Õß (SMU) ¢Õßæ◊Èπ∑’Ë

°“√ª≈Ÿ°¢â“«π“ªï¢Õßª√–‡∑»‰∑¬¡’∑—Èß ‘Èπ 9,681 Àπà«¬

‚ª√·°√¡ CropDSS §”π«≥°“√º≈‘µ¢â“«„π™à«ßªï

æ.». 2503-2642 (§.». 1960-2099) ‡ªìπ√–¬–‡«≈“

140 ªï „™â‡«≈“„π°“√§”π«≥Õ¬à“ßµàÕ‡π◊ËÕß„π·µà≈–«—π

ª≈Ÿ° 12 ™—Ë«‚¡ß
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µàÕ√–∫∫°“√º≈‘µÕ“À“√

°“√‡ª√’¬∫‡∑’¬∫§à“®“°√–∫∫°“√º≈‘µ

®√‘ß·≈–®“°·∫∫®”≈Õß

∑”°“√‡ª√’¬∫‡∑’¬∫§à“º≈º≈‘µ¢â“«„π™à«ßªï

æ.». 2523-2532 (§.». 1980-1989) ‡ªìπ¢âÕ¡Ÿ≈®“°°“√

√“¬ß“πª√–®”ªï¢Õß ”π—°ß“π‡»√…∞°‘®°“√‡°…µ√

´÷Ëß¡’√–∫∫®—¥‡°Á∫®“°√–∫∫°“√º≈‘µ¢â“«®√‘ß (Observed:

OBS) ·≈–§à“∑’Ë·∫∫®”≈Õß¢â“«§”π«≥‰¥â (Simulated:

SIM) æ∫«à“¡’§à“º≈º≈‘µ¢â“« Ÿß ÿ¥ 3,422 ·≈– 4,577

°‘‚≈°√—¡µàÕ‰√à µ“¡≈”¥—∫ §à“º≈º≈‘µ¢â“«µË” ÿ¥ 1,179 ·≈–

1,700 °‘‚≈°√—¡µàÕ‰√à µ“¡≈”¥—∫ ·≈–§à“‡©≈’Ë¬º≈º≈‘µ¢â“«

2,089 ·≈– 2,885 °‘‚≈°√—¡µàÕ‰√à µ“¡≈”¥—∫ ·∫∫

®”≈Õß§”π«≥º≈º≈‘µ¢â“«‰¥â¡“°°«à“º≈º≈‘µ¢â“«∑’Ë¡’

„π√“¬ß“π´÷Ëß‡ªìπ‰ªµ“¡§«“¡§“¥À¡“¬·≈–‡ªìπ∑’Ë

¬Õ¡√—∫¢ÕßºŸâæ—≤π“·∫∫®”≈Õß‡π◊ËÕß®“°·∫∫®”≈Õß

¢â“«‰¡à¡’ module ‡°’Ë¬«°—∫æ≈«—µ¢Õß∏“µÿÕ“À“√Õ◊Ëπ

πÕ°‡Àπ◊Õ®“°‰π‚µ√‡®π·≈–‰¡à¡’æ≈«—µ¢Õß‚√§·¡≈ß

ª√–°Õ∫„π°“√§”π«≥ º≈º≈‘µ¢â“«¡’§à“‡∫’Ë¬ß‡∫π

¡“µ√∞“π 543 ·≈– 533 °‘‚≈°√—¡µàÕ‰√à µ“¡≈”¥—∫ · ¥ß

«à“§à“∑—Èß Õß¡’§«“¡‡∫’Ë¬ß‡∫π„°≈â‡§’¬ß°—π Õ¬à“ß‰√

°Áµ“¡§à“∑—Èß Õß¡’§à“√âÕ¬≈–§«“¡·ª√ª√«π¢Õßº≈º≈‘µ

„π™à«ß‡«≈“¥—ß°≈à“«§àÕπ¢â“ß·µ°µà“ß°—∫‡ªìπ 26 ·≈– 19

µ“¡≈”¥—∫ · ¥ß«à“√–∫∫°“√º≈‘µ¢â“«„πƒ¥Ÿπ“ªï¢Õß

‰∑¬¡’§«“¡·µ°µà“ß°—π¡“° æ√âÕ¡∑—ÈßµâÕß∑”°“√»÷°…“

‡æ‘Ë¡‡µ‘¡‡æ◊ËÕæ—≤π“·∫∫®”≈Õß¢â“«·≈–·∫∫®”≈Õß¿Ÿ¡‘

Õ“°“» ECHAM4 ‡æ◊ËÕ‡æ‘Ë¡§«“¡ “¡“√∂„π°“√

§”π«≥º≈º≈‘µ∑’Ë·µ°µà“ß‰¥â

πÕ°®“°π’È ‚ª√·°√¡ CropDSS  “¡“√∂

§”π«≥·≈–· ¥ßº≈§à“ ∂‘µ‘ “¡µ—« (√Ÿª 2) ‡æ◊ËÕ™à«¬

°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß§à“ OBS ·≈– SIM æ∫«à“§à“

MAE ‡∑à“°—∫ 796.5 ·≈– §à“ RMSE ‡∑à“°—∫ 808.0

· ¥ß«à“§à“§«“¡·µ°µà“ß¡’¢π“¥„°≈â‡§’¬ß°—π ·≈–§à“

D-stat µ‘¥≈∫‡∑à“°—∫ -0.78 À¡“¬§«“¡«à“·∫∫®”≈Õß

overestimate º≈º≈‘µ¢â“«

 √ÿª ·∫∫®”≈Õß¢â“« CERES-Rice ¢Õß

‚ª√·°√¡ DSSAT  “¡“√∂„™âª√–°Õ∫°“√»÷°…“º≈

°√–∑∫¢Õß°“√‡ª≈’Ë¬π·ª≈ß ¿“æ¿Ÿ¡‘Õ“°“»µàÕ°“√

º≈‘µ¢â“«„πª√–‡∑»‰∑¬‰¥â ·≈–§«√·∫àß°“√»÷°…“„Àâ

≈–‡Õ’¬¥‡ªìπ‡©æ“–√–∫∫π‘‡«»πå¢Õß·µà≈–¿Ÿ¡‘¿“§¢Õß

ª√–‡∑»‰∑¬

°“√«‘‡§√“–Àå°“√‡ª≈’Ë¬π·ª≈ß·≈–º≈

°√–∑∫µàÕº≈º≈‘µæ◊™

    ºŸâ„™âß“π “¡“√∂«‘‡§√“–Àåµ—«·ª√√–∫∫°“√º≈‘µ

æ◊™‡æ◊ËÕ∑√“∫·π«‚πâ¡¢Õß°“√‡ª≈’Ë¬π·ª≈ß (Trend) ‰¥â

∑—ÈßÀ¡¥ 5 °≈ÿà¡ (µ“√“ß 4) ‰¥â·°à µ—«·ª√‡°’Ë¬«°—∫

«—π∑’Ë®—¥°“√º≈‘µ µ—«·ª√‡°’Ë¬«°—∫πÈ”Àπ—°º≈º≈‘µ µ—«·ª√

‡°’Ë¬«°—∫æ≈«—µ¢ÕßπÈ”„π√–∫∫°“√º≈‘µ µ—«·ª√‡°’Ë¬«

°—∫°“√®—¥°“√∏“µÿ‰π‚µ√‡®π√–À«à“ß°“√º≈‘µ µ—«·ª√

‡°’Ë¬«°—∫æ≈«—µ¢ÕßÕ‘π∑√’¬«—µ∂ÿ ·≈–µ—«·ª√‡°’Ë¬«°—∫

º≈º≈‘µ¢Õß°“√„™âπÈ” ºŸâ„™âß“π “¡“√∂· ¥ßº≈

µ—«·ª√§à“‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π  “¡“√∂

· ¥ß„π√Ÿª·∫∫·ºπ∑’Ë √Ÿª·∫∫°√“ø·∑àß √Ÿª·∫∫

°√“ø«ß°≈¡

∫ ∑ ‡ √’ ¬ π ° “ √ æ— ≤ π “ ‚ ª √ · ° √ ¡

CropDSS

®ÿ¥·¢Áß (Strength) ¢Õß‚ª√·°√¡ CropDSS

‰¥â·°à‡ªìπº≈≈—æ∏å¢Õß‡§√◊Õ¢à“¬π—°«‘®—¬¥â“π‡°…µ√·≈–

¥â“π‡∑§‚π‚≈¬’ “√ π‡∑»∑’Ë¡’§«“¡æ¬“¬“¡∫Ÿ√≥°“√

·≈–¥”‡π‘πß“πÕ¬à“ßµàÕ‡π◊ËÕßµ—Èß·µàªï 2543 ‡ªìπ

º≈≈—æ∏å∑’Ëπà“¿“§¿Ÿ¡‘„® ·≈–°àÕ‡°‘¥¡“µ√∞“π¥â“π∞“π

¢âÕ¡Ÿ≈ ¥â“π·∫∫®”≈Õß ·≈–¥â“π°“√ªØ‘∫—µ‘ß“π√à«¡

°—π¢Õß‡§√◊Õ¢à“¬  “¡“√∂π”„™â‰¥â°—∫æ◊™ ”§—≠¢Õß

‰∑¬®”π«π 4 æ◊™ ‰¥â·°à ¢â“« ¢â“«‚æ¥‡≈’È¬ß —µ«å ÕâÕ¬

‚√ßß“π·≈–¡—π ”ª–À≈—ß ´÷Ëß‰¡à‡§¬¡’¡“°àÕπ„πÕ¥’µ

CropDSS ®–‡ªìπ‚ª√·°√¡∑’Ë¡’≈—°…≥–

§≈â“¬°—∫™“π™“≈“ (Platform) „ÀâÀπà«¬ß“πµà“ßÊ ¥â“π

°“√‡°…µ√ “¡“√∂¥”‡π‘πß“π¥â“π¿“«–‚≈°√âÕπ

Õ¬à“ß®√‘ß®—ß (Organizational engagement) ‚¥¬„™â

‡ªìπ‡§√◊ËÕß¡◊Õ‡æ◊ËÕ°“√ ◊ËÕ “√ ·≈–¬°√–¥—∫¢Õß§«“¡

 ”π÷°‡°’Ë¬«°—∫¿“«–‚≈°√âÕπ·≈–º≈°√–∑∫∑’Ë®–‡°‘¥

µàÕ√–∫∫°“√º≈‘µæ◊™·≈–√–∫∫ —ß§¡§«“¡‡ªìπÕ¬Ÿà

®ÿ¥ÕàÕπ (Weaknesses) ¢Õß‚ª√·°√¡

CropDSS ‰¥â·°àºŸâ„™âß“πµâÕßºà“π°√–∫«π°“√Ωñ°Õ∫√¡
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µàÕ√–∫∫°“√º≈‘µÕ“À“√

·≈–ªØ‘∫—µ‘®√‘ßÕ¬à“ßµàÕ‡π◊ËÕß °“√ª√—∫ª√ÿßÀπâ“®Õ·≈–

√–∫∫∞“π¢âÕ¡Ÿ≈„Àâ –¥«°µàÕ°“√„™âß“π‡ªìπ ‘Ëß∑’ËµâÕß

æ—≤π“‡æ‘Ë¡ ‡µ‘¡ ·≈–ª√–°“√ ”§—≠‰¥â·°à°“√

√à«¡æ—≤π“·≈–/À√◊Õ°“√„™âß“π CropDSS µâÕß‰¥â√—∫

°“√¬‘π¬Õ¡®“°π—°«‘®—¬·≈–µâπ —ß°—¥ „π¥â“π‡«≈“·≈–

ª√–‡¥Áπ«‘®—¬´÷ËßµâÕß Õ¥§≈âÕß°—∫‡ªÑ“À¡“¬ «—µ∂ÿª√– ß§å

·≈–º≈≈—æ∏å¢ÕßÀπà«¬ß“π/Õß§å°√µâπ —ß°—¥ πÕ°®“°π’È

°“√®”≈Õß√–∫∫°“√º≈‘µÀ≈“¬æ◊™„π√–¥—∫‰√àπ“À√◊Õ

§√—«‡√◊Õπ‡°…µ√°√µâÕß¡’°“√æ—≤π“‡æ‘Ë¡‡µ‘¡ µ≈Õ¥®π

°“√«‘‡§√“–Àå∑“ß‡≈◊Õ°∑’Ë‡À¡“– ¡

°“√ª√—∫ª√ÿß¢âÕ¡Ÿ≈ (Updating data) „Àâ∑—π

 ¡—¬‡ªìπ®ÿ¥ÕàÕπª√–°“√Àπ÷Ëß¢Õß CropDSS ÷́Ëß∑’¡

ß“π¢ÕßºŸâ„™âß“π·≈–ºŸâ‡ªìπ‡®â“¢Õß¢âÕ¡Ÿ≈¡’§«“¡®”‡ªìπ

∑’ËµâÕß √â“ß°≈‰°·≈–√–∫∫√Õß√—∫°“√π”‡¢â“¢âÕ¡Ÿ≈„À¡à

‰¥â·°à ¢âÕ¡Ÿ≈ Scenarios ®“°·∫∫®”≈Õß¿Ÿ¡‘Õ“°“» GCM

& RCM Õ◊Ëπ Ê πÕ°‡Àπ◊Õ®“° ECHAM4

 √ÿª

‚ª√·°√¡ CropDSS ®—¥‡ªìπ§«“¡ ”‡√Á®

¢Õß°“√«‘®—¬·≈–æ—≤π“‚ª√·°√¡ ÷́ËßÕÕ°·∫∫„ÀâºŸâ„™â

ß“π “¡“√∂∫Ÿ√≥°“√¢âÕ¡Ÿ≈‡™‘ßæ◊Èπ∑’Ë ¢âÕ¡Ÿ≈Õ√√∂“∏‘∫“¬

·≈–·∫∫®”≈Õßæ◊™À≈“¬·∫∫®”≈Õß‡æ◊ËÕª√–°Õ∫°“√

«‘‡§√“–Àå·≈–»÷°…“º≈°√–∑∫∑’ËÕ“®®–‡°‘¥¢÷ÈπµàÕ

√–∫∫°“√º≈‘µæ◊™‡¡◊ËÕ ¿“æ¿Ÿ¡‘Õ“°“»‡ª≈’Ë¬π·ª≈ß‰ª

∑”„ÀâºŸâ„™âß“ππ”º≈∑’Ë‰¥â„π√Ÿª·∫∫·ºπ∑’Ë·≈–µ“√“ß

º≈≈—æ∏å ◊ËÕ “√°—∫ºŸâ„™âß“π·≈–°√–µÿâπ„Àâ‡°‘¥§«“¡

√à«¡¡◊Õ (Engagement) ·≈–§«“¡µ√–Àπ—° (Awareness-

raising) ‡°’Ë¬«°—∫ ¿“æ°“√º≈‘µæ◊™∑’ËÕ“®®–‰¥â√—∫®“°

¿“«–‚≈°√âÕπ

∫∑‡√’¬π∑’Ë‰¥â√—∫„π°√–∫«π°“√«‘®—¬·≈–

æ—≤π“ CropDSS ‰¥â –∑âÕπ∂÷ß‚Õ°“ „π°“√«‘®—¬

·≈–æ—≤π“¢Õß‰∑¬„πÀ—«¢âÕ‡°’Ë¬«°—∫¿“«–‚≈°√âÕπ ·≈–

 “¡“√∂„™â·π«∑“ß‡°’Ë¬«°—∫„π°“√ √â“ß§«“¡√à«¡¡◊Õ

∑“ß«‘™“°“√°—∫ª√–‡∑»‡æ◊ËÕπ∫â“π„°≈â™‘¥¢Õß‰∑¬·≈–

√à«¡¡◊Õ«‘®—¬„πÕπ“§µ‡æ◊ËÕª√–‚¬™πå„π°“√°”Àπ¥

π‚¬∫“¬√à«¡‡æ◊ËÕ√Õß√—∫·≈–ª√—∫µ—«‡¢â“°—∫ ¿“æ∑’ËÕ“®

®–‡°‘¥®“° IPCC SRES Scenarios

§”π‘¬¡

¢Õ¢Õ∫§ÿ≥ §ÿ≥ ‘∑∏‘æß…å ‚¡√“√“¬ ·≈– §ÿ≥

√—™¿Ÿ¡‘ „®°≈â“ ∑’Ë™à«¬‡À≈◊Õ¥â“π°“√æ—≤π“‚ª√·°√¡

CropDSS √ÿàπ 1 ·≈– √ÿàπ MWCropDSS ¢Õ¢Õ∫§ÿ≥

§≥–π—°«‘™“°“√‡°…µ√ ¢Õß°√¡«‘™“°“√‡°…µ√´÷Ëß‰¥â

™à«¬‡À≈◊Õ„π°“√∑¥ Õ∫·≈–„Àâ§«“¡‡ÀÁπ∑’Ë ‡ªìπ

ª√–‚¬™πåµàÕ°“√æ—≤π“‚ª√·°√¡ ¢âÕ¡Ÿ≈¥‘π‰¥â√—∫°“√

 π—∫ πÿπ®“°  ”π—° ”√«®¥‘π °√¡æ—≤π“∑’Ë¥‘π ·≈–

¢Õ¢Õ∫§ÿ≥§≥–ºŸâ«‘®—¬®“° START-SEA ∑’Ë„Àâ°“√

 π—∫ πÿπ¢âÕ¡Ÿ≈ SRES A2 & B2 scenarios ‡æ◊ËÕ°“√

∑¥ Õ∫‚ª√·°√¡

‡Õ° “√Õâ“ßÕ‘ß

æπ¡»—°¥‘Ï æ√À¡∫ÿ√¡¬å  ‡¡∏’ ‡Õ°– ‘ßÀå ·≈– Õ√√∂™—¬

®‘πµ–‡«™  2543.  ‚§√ß √â“ß¢Õß√–∫∫

 π—∫ πÿπ°“√µ—¥ ‘π„®º≈‘µ¢â“«: ç‚æ æ 1.0é

Àπâ“ 213-237 „π ‡¡∏’ ‡Õ°– ‘ßÀå ·≈–§≥–

√“¬ß“π«‘®—¬©∫—∫ ¡∫Ÿ√≥å √–∫∫ π—∫ πÿπ

°“√µ—¥ ‘π„®º≈‘µæ◊™ : ¢â“«„π¿“§‡Àπ◊Õ.

»Ÿπ¬å«‘®—¬‡æ◊ËÕ‡æ‘Ë¡º≈º≈‘µ∑“ß‡°…µ√ §≥–

‡°…µ√»“ µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à

æπ¡»—°¥‘Ï æ√À¡∫ÿ√¡¬å  ‡¡∏’ ‡Õ°– ‘ßÀå ·≈– Õ√√∂™—¬

®‘πµ–‡«™  2545.  √–∫∫°“√ª√–¡“≥º≈º≈‘µ

ÕâÕ¬„πæ◊Èπ∑’Ë¢π“¥„À≠à çÕâÕ¬‰∑¬ 1.0é

Àπâ“ 55-112. „π Õ√√∂™—¬ ®‘πµ–‡«™  ·≈–

»√‘π∑‘æ¬å æ√À¡ƒ∑∏‘Ï  √“¬ß“π«‘®—¬©∫—∫

 ¡∫Ÿ√≥å °“√ª√–¡“≥º≈º≈‘µÕâÕ¬¥â«¬·∫∫

®”≈Õß§Õ¡æ‘«‡µÕ√å. »Ÿπ¬å«‘®—¬‡æ◊ËÕ‡æ‘Ë¡

º≈º≈‘µ∑“ß‡°…µ√ §≥–‡°…µ√»“ µ√å

¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à

Õ√√∂™—¬ ®‘πµ–‡«™ 2551. «‘∏’°“√·≈–‡§√◊ËÕß¡◊Õ„π°“√

»÷°…“º≈°√–∑∫‚≈°√âÕπµàÕ√–∫∫°“√º≈‘µ

Õ“À“√ „π √“¬ß“π°“√ª√–™ÿ¡ —¡¡π“

«‘™“°“√√–∫∫‡°…µ√·Ààß™“µ‘ §√—Èß∑’Ë 4 √–À«à“ß

«—π∑’Ë 27-28 æƒ…¿“§¡ 2551 ≥ »Ÿπ¬åª√–™ÿ¡

π“π“™“µ‘‡ÕÁ¡‡æ√  ‡™’¬ß„À¡à Àπâ“ 28-38
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Figure 1. Overview of the components and modular structure of CropDSS interface.

Figure 2. Comparison between the observed (OBS) and simulated (SIM) averaged rice yields during 1980-1989

from 76 provinces in Thailand using eight different statistics.
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