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FORWARD
 

This report by Ing. Luis Canadas C., PRONARFEi, Ministry of Agricu.',ure 
and Ing. ector Salvador C., INAMHI, Ministry of National Resources and 
Fhergy, Quito, Ecuador is the result of an intensive six week Orientation 
Program on Agroclimatic Models and Climatic Impact Assessment Technology. 
This program was conducted In Columbia, Missouri by the Models Branch of 
the Center for Environmental Assessment Services (CEAS). As an organiza­
tion within the U.S National Oceanic and Atmospheric Administration/ 
Environmental. Satellite-Data an( Information Service, CEAS is responsible 
for using current and historIca, environmental data to provide timely deci­
sion assistance to managers of critical national resources by assessing the 
impacts of climatic variations on food, transportation, health, energy and 
the economy. 

The agroo llmatic assessment mdels developed by Senor Canadas and Senor 
Salvador for the Central. Sierra region in Ecuador can be used as the scien­
tific foundation for planning, organizing and implementing a regional cli­
matic impact assessment program. The data and technical resources for such 
a programn already exist In Ecuador. l{owever, support is needed to 
establish the regional. project so the economic benefits and value can be 
demonstrated to decision makers. A successful. regional project can lead to 
a national program. 

This project was sponsored by the Agency for International Development, 
Office of U.S. Foreiigi Disaster Assistance, (AID/OFDA), Washington, D.C. 
It was conducted by CEAS under a NOAA/AID project agreement. The basic 
goal is to transfer agroclimatic modeling and assessment technology to 
developing countries ;md to encourage the deve.opment of an in-country 
program. This technology can inprove food security by increasing disaster 
preparedness and early warning, contributing to l.and use planning for agri­
cultural and rural development, and mitigating socioeconomic vulnerability 
to climatic extremes Incl.uding drought, flooding and frost. The current 
project focused on Peru and Ecuador. NOAA/AID Projects are also underway 
for technl.ogy transf,:r to other countries in Latin America and in Southern 
Asia. 

EAS received as'sistance through NOAA subcontracts to the Atmospheric 
Science Department, University or Missouri - Columbia and the Aspen 
Institute/Food and Ci Lmate Fbrum, Boulder, Colorado. Their contributions 
are apprec iated. 

It was a pleasure for us to work with Senor Canadas and Senor Salvador 
during their visit to CEAS. Their professional dedication and long hours 
of hard work were responsibl.e for the results in this project report. 

Louis T. Steyaert 
Project Leader 
NOAA/NESI) LS/CEAS 
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EXECUTIVE SUMARY
 

AGROMEMIWORO]JAIICAL ASSESSMENTR MODELS FOR
 
RURAL )EVELPMENT IN THE
 
CENRMAL SIERRA OF ECUADOR
 

Luis Canadas C. and Hector E. Salvador C. 

The agricutl tr,'a..y oriented ,_!economy of the Central. Sierra of Ecuador is 

h.ighl.y vu.)ner'ab].e to annual var ations Ln ci.1mate. Severe drought, such as in 

the late 1970's, and occasional. 1'rost or fl.ooding can ].ead to crop failures and 

economic losses. This vul.nerabil.ity to climatic extremes is frequently com­

pounded by other compl.ex factors, incl.uding popu.ation pressure, deforestation 

and soil. eroston. The expansion of rainfed agricul.ture into marginal. lands, 

which usual I y re.quire Irrlgation of' crops, al.so contributes to climate 

vulnerabil. ity. 

Increasbig the lvel. of agriLIl.tural. production and reducing Tosses due to 

anoim1ous (:.I Lrmtic condititons can be WX)th economical.l.y and sociall..y beneficial. 

Current progr; t)tonprov, the soc Loeconomlc conditions of the rural1 popu].ation 

can benef"It. f'rom agrocl.imatic studiCs. Also, significant year-to-year variations 

in seasonal rahiral]. can be expt Led to continue and to be a dominant fac:-or in 

d,termining the level of rojod production. rhus, cl.irmatIc conditions represent 

Important indicators oC food sUlp)l.y and general. socioeconomic conditions. 

The Agro(e1rmatei, Analysis Proran of Ecuador is supported by the Instituto 

Nacional. de Mot4ceorol.ogla e lirulogla ([NAVUI), the Programa Nacional de 

Regiona1.iza. ton Agraria (PRONARFm) and Consejo Plac onal de Desarrolo (CONADE). 

One component of this progriri invlmlves training in agroclimatic modeling and 

c imatIc Impact ;-ssesrmnnft proce lures towards devel.opment of a regional, and then 

a national Cl .imat;ic Impact As:;:sment Pr'ogran. This report for the Central 

Sierra should be view,:d as a stHlis re(port, as some anal.ysis stil.l, needs to be 

http:compl.ex


____ 

td Howiev'e t does',describe the development of models, and, assessment 

____pd~ to uprt the Aroclirinatic,_Analysis Pr' rami'. It is designed to 

serve 4as a working document and imnplemen-

Scol 

4L 4, 	 for assensmnt procedures in Ecuador o , - . . . ~ ~ 

tAtation of the Programn ini Ecuador. 

Thef2T ain objectives accomplish ed during this training include: 

1.) ~,Development anid quality ccnt'o). of meteorological and agronomic 
data bases to systematically study the climate and support agrocli­

?matic 	 ;irdeling applicat.i.ons in the Central Sierra.t.-

2) 	 Devel.opment of practical. agroclinatic models and techniques 

appropriate for the Central ,Sierra and including crop calendars, 

water supply-demand relationships, cl.te/crop condition indices, 

relative crop product,'o- indices and crop water requirements for 

-	 .assesLLg potential. sub:,istence food shortages due to drought, 

contributing to land use: studies, arid providing irrigation advi­

so!Orie to Carers. 

3) 	 Devel.opment of expertise in climatic data, modeling and assessment 

applications to support the technical development of the program in 

Ecuador and-to advise decision makers on the capabilities and l.imi­

.	 -. tations of these resu).ts. 

The authors suggest that the results of this study have important implica­

tions to decision takers and planner.,: involved with agricultural and rural 

development prograns in the Central Sierra and other regions of Ecuador. These 

results support impleinetation of the Agroclimatic Analysis' Program by using 

historic climatic data to develop mdels which contribute to the agricultural 

cropiforecast problem, land use stud tes and crop/weather advisories for farmners. 

http:resu).ts


This report is divided into eight chapters. Chapters I and II provide the 

Introduction and Agroc].imatic Background Information for Ecuador and par-

Sierra. The physical environment, climate, agricu3.turalticularly the Central 

practices and social-agroclimatic conditions are described. Chapter II provides 

tools. These include methodsthe methodol.ogy, data and various agroclimatic 

for estimating potential evapotranspiration (a critically important tool for 

.].and use studies), sot. moistiure, the Palmer Drought Index (a potentially useful 

index of general drought impact on agricul.ture in Ecuador), crop coefficients 

(used tc develop agroclimatic/crop condition indices and also to compute the 

watercrop water requirements, necessary input to land use studies) and crop 

for crops in the Central Sierra. Several types of agroclimatlc/croprequirement 

makers (policy makers, planners andcondition indices to provide decision 

areeconomists) with early waning au.sessme.nt of impending drought impact 

discussed in Chapter IV. Background information on statistical crop yield 

rnde.ing is provided In Chapter V. The mode].ing results are discussed in 

Chapter VT. Thee incl.ude p)tential. evapotranspiration analysis, 

agrocllmatib/crop condition Indices, relative crop production indices, 

tools and crop water requirement curves. Conclusions and recommen­assessment 

dations are provided in Chapters VII and VIII, respectively. The Appendices are 

very important as they contain the compl.ete data and results of modeling for 

each station in the Central. Sierra. 

http:au.sessme.nt
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CHAP111R I
 

[N']. ODUCT ION
 

'ie agrtculturel.i.y oriented economy of the Central 
 Sierra of Fcuador is
 

highly vulnerabhl, tA)anual. vrir1:-it ons in cl.imate. Severe 
drought and occa­

sional. frost or Clooding csn .ai 0, crop fallures and 
 economic losses. This
 

vul.nerabil ity to c. rnttc extremas 
 in reoquentl y compowded by other complex
 

factors, 
 Lncludbig p1pulat ton lr'ssure, deforestation nnd soil. erosion. The
 

expansion of rainfed Waricii.ture Into irrginal. itnds which 
 usually require irri­

gation of crops, also contributes to cltnate vu]iierab1.1ty. 

Increasing the l.eveul of' agriciil tiiral productIori anA reducing lwosses due to 

anomalou3 Wi -tlc conditions can be both economical 1.y and social1 .y beneficial. 

Current programs U) Improve the socloecoonomic condiions of the rural population 

can benefi t f'rom agrocl Lnatic st[ilies. Also, siLficant year-to-year variations 

in seasonal. rainf'al1. '.I2an be expected to continue and to be a dominant factor in
 

deterning the level, of food production. Thus, cltnatiC conditions represent
 

important tndicator.s of' food 
 suppl.y and general socioeconomnic conditions. 

The Agrocl inatI. Analysis Progran of Ecuador is supported by the Instituto 

rNac tonal de Met,-ro].ogl.a e HIdrologia (INANI), the Programa Nactonal. de 

Regiona].izac Ion Agrarla (PRONAR.m) and Consejo Nacional. de Desarro]lo (CONADE).
 

One component of this progr.ari tri- .v(es training in agroclimatlc m del.ing and 

cli.tmatic impa-r. ;ss:1sinent procelur-.s towards development of a regional, then 

national Cl Imat. Tmppt Assessment Prograin. This report for the Central. Sierra 

should be vi.ewed is a status report, as s:ome analysis still needs to be 

completed. Hlowever, It Woes desocbe the developent of rnudel.s aid assessment 

proedures to support tie Agr'ocl. Ivtc Analysis Progran. It is desitned to 

serve as a wrkldg document for asstussment procedures In Ecuador and implemen­

tation of the Progrwn in Ecuador. 

.I' 



The Ia ',bjectl.ves fWthis study include: 

1) Development and quality control. of meteorlogical and agronomic 

data bases to systematically study the climate and support agrocli­

matte rrrAel tng applications. 

2) DevdJopment, of practical agroclimatic models and techniques 

appruprlat, for the Central Sierra and including crop calendars, 

water supply-dernand relationships, climate/crop condition indices, 

re.atIve crop production Indices and crop water requirements for 
a5m, ssititentil g subsistence food shortages due to drought, 

contributg tA land use studies, and providing irrigation advi­

soPieS t)) foirs. 

3) Developernt .)f' expertise In climatic data, modeling and assessment 

appi leatlorlK to support the technical development of the progr'mn in 

Fnuiviinr ti to advise dcision makers on the capabilities and limi­

tat ions of tese results. 

The authori ,;j,n t that the results of this study have important implica­

tions tro decl'sion irikers ;ind planners involved with agricultural and rural 

dovelo[pnenI; prog'&ums In the Central Sierra and other regions of Ecuador. These 

resaits saiplyrt hnpen ton of the Agroclimatic Analysis Program by using 

hisoric climat1 dara t.,) develop rrodels which contribute to the agricultural 

crop torecast prmbl im, 1;-rd use studies and crop/weather advisories for farmers. 

'his rep.ort is di,ildc, into eight chapters. Chapters I and II provide the 

IntroduItion aril Agrocilramtic Background Infornation for Ecuador and par­

ticul.arly the Ceritral Sierra. The physical environmrent, climate, agricultural 

2
 



des!::the imethodology, daaand !vaiO aoi~l.iii.c tools. Thes inld methods. 

bldu~ex of, SenerrO dropouht I,,ipact on agric ulture :in Ecuador),
1 1, 

crop- coef f cients .: :i L;::: 
-

"i ': (used to develop agroclifmattc/crop condition indices' and also to compute the ... 

cro waer reuieens, nece.ssary iput Wo land uselstudies) and crop water 

,requirement for crops Iii the Central Sierra. Several. types of agroclimatic/crop :. 

c ondition indices to provide decision makers (policy ma~kers, planners and 

.economists) with earl~y wan-inig assessmrent of impending drought .impact are 

S d tscussed bi Chapter . IV. Backgroand iformation on statistical1 crop yield 

mo~deling Ls provided bi Chapter V. 'Ibe odeling results are discussed in 

Chapter VI. The,se include lotential, evapotranspiration analysis, :: 

agrroclinitic/crop conid~t on bidl.ces, relative crop production ndices, ,i
rovde dcison akescondtio inicesto (plic maersplaner an 

ass.essment tool~s and crop water requirement currves. Conclusions and recommen­
dations are provided In Chapters VI1 and VIII, respectively. The Appendices are 

very lnportant as they contain the complete data and results of modeling to ds 

requiremeeachstation in the Central. eserra.o c/ 



CHAPE II 

AGROCLIKATIC BACKGROUND
 

Colomia, on the South and East by Peru, adon the West-by the f Ocean.
 

.The' total. l1and Is 280,277 square kilometers be .' area and can geographically ' 

!divided :into Cour natural. regions: Sierra:, Costa, Oriente and the G,-aaos 

..-Islands (Figure 2.1). Administrative divisions are shown in Figure 2.2. _
 

" ' The giant Andes form the backbone off Ecuador extending North and South
 

'
through the center,of thie country in approximately two paral.lel muntain-ranges ,;::...
 

The inter-mountaLn basins lie between the ranges. The altitude of these basins
 

or valleys ranges between 2,000 and 3,00m. Immediately to the West of the -... 

':.::high Sierra Ti~es the coastal, plain or the Costa, which: consists of mangroves,:.." 

i lowlands and gentle rolling hills. The Oriente region lies :to .the east of the: 

Sierra. The Oriente Is quite remote! and consists off tropical rain forest in the" 

ti: Amazon Basin. "."'" :pper River 

~~Cl.imate . 

;:':. Since the topographical. features are quite complex in.Ecuador, climatic :.: .. 


conditions are very diverse. The cl.Lmate is also determined by the.windexo
 

sur In teAndes, the location of Ecuador: on the-equator, the Humboldt: and the-- ::
 

- ,,Nino.ocean currents, in the Pcrc n te oa.fcos 

In'general., there are :only two ariua. seasons in the country:th 'eao 

ordry season, characterized by •low raiflfal) and.the 'invierno"or rainy season,:):i! :;i: 



PHYSICAL ENVIRONMENT IN ECUADOR
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ADMINISTRATIVE DIVISIONS IN ECUADOR
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The seasonal distribution of rainfall during the year differs in the Costa,
 

Sierra and Oriente regions. In the Costa, where "normal" temperature is between 

24 and 26'C, the rainy season begins in December (Solstice) and ends in May, 

with maxim°num rainfall in April (Equinox). This is followed by the dry season 

that begins in June and lasts until mid-December. However, climatic conditions 

in the coastal plain range from wet/tropical rain forest conditions in the 

northwest to desert in the south. The annual rainfall ranges lroln 4,000 to only 

80mm, respectively. 

This contrasts with the Sierra, where the normal temperature ranges between 

10 and 18"C, and the "Pararo", with temperatures below 10'C. In the Northern 

Hemisphere, the rainy season in the Sierra begins in October and continues 

through May with two peaks, the higher one after the Equinox of September and the 

lower one in the Equinox of March, followed by the dry season during the ronths of 

June, July, and August. In the Southern Hemisphere, the pattern is the same, 

although the peaks are the opposite, i.e., the highest maximum rainfall is in 

March and the lowest in September. The annual rainfall ranges between 300 and 

3,000mm. 

The average temperature in the Oriente Region ranges between 23 and 260C. 

The rainfall is typically equatorial througlout the year, with a few mnths of 

less precipitation. It fluctuates between 3,000 and 6,250mm (Figure 2.3).
 

Aricultural Reions and Crops 

The ecological conditions (climate and soils) of the three natural regions 

determine the distribution of crops. The main crops in the Costa are bananas, 

cacao, rice, coffee, cotton, sugarcane, soybeans, and oil palm. A Aide variety 

of crops are grown in the Sierra: corn, potatoes, wheat, barley, tuber and 

roots (oca, melloco), lima beans, and some fruits. With the exception of tea, 
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cincona and oil palm crops, the Oriente of Ecuador is agriculturally insignifi­

cant (Pigure 2.4). Agricultural production can be generally classified as 

either "comrnerclal." or "subsistance." Irrigation and improved technological 

practices are mainly available at the cormaercial level. 

Climatic Impact uonAoniculture 

Each major geographic region has serious limitations to agricultural crop 

production under either ranfed or irrigated conditions. Because of the occa­

sional or sem-perr:uiert drought conditions in the coastal region, crops must be 

gromn near irrigation sources, for example, along rivers. Expanded irrigation 

networks are required to increase cropland. 

In renent years the coast has become nore and more important as an agri­

cultural region, but- there are several physical factors which impede farming. 

In the huge Guayas Basin, heavy rains ind runoff during the "invierno" create a 

flood plain in the entire basin, and inadequate facilities become a severe 

constrabit to agricultural development. 

Seasonal rainfal.1 patterns are tore favorable in the Sierra, but low tem­

peratur,.s as well as occasional droughts are also limiting factors. Thus, the 

suc;es: or failure of the crop growing season depends upon the beginning of the 

rainy season and the occurrence f" sporadic drought and frost. In some areas, 

irrigation permilts planting of sorme crops prior to the "normal" beginning of the 

rainy season. 

In contrast, temperature and marginal rainfall are not limiting factors in 

the Oriente. Exces rainfalL and the quality and depth of soils appear to be 

the faotors whl.,h rak,- thi;-s region les. than ideal for agriculture. However, 

the Oriente presents a great iXtential or agricultural development if agri­

cul';urul pricti.cles are consistent withi erlvirobnentadl and soil conditions. 
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Figure 2.5 shows a rather simplified distribution of natural vegetation
 

which reflects the diverse climatic conditions.
 

Importance of Agriculture to Ecuador
 

Agriculture contributes about 42 percent of the Gross 
Domestic Product in 

Ecuador and provides employment for approxirately 56 percent of the national. 

labor force. Euciaor has traditionally been an agricultural country. It is the 

world's major producer and exporter of bananas which, together with coffee and 

cacao, are the inportant cash crops for export. These crops are primarily grown 

on the coastal. plain al-ong with rice, sugarcane and soybeans. The traditional. 

crops in the Sierra include: corn, potatoes, wheat, barley, and alfal.fa. Most 

of these crops are either consumed by the farmers or sold to local markets. 

Table 2.1 shows the harvest area, the production and the production value of
 

agriculture in Ecuador.
 

B. Central. Sierra Area
 

1. Dhysical Ehvirornent 

Geography/Topography
 

The Central. Sierra area is located in central
the part of the Andes in 

'Ecuador, between 0036 S and 2°00' S -latitude and 78°31' W and 78056' W longi­

tude (Figure 2.6). The elevation varies from 2,000m on the valley floors to 
6 ,6 75m (Chimnborazo) in the highlands (Figure 2.6). The area toplanted the main 

crops is about 234,277 hectares, equivalent to 11.6 percent of the country's 

total. crop land. 

Because of the Andes, there are different geographic configurations within
 

the area, such as plateaus, val].eys, and peaks, (Figure 2.7) causing 

microcl]imatic variations. 
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TABU-; 2.1
 

Harvest area, 
Ecuador. (19

pruducticri 
75). 

mid prxluction value by natural region in 

REGION 
ILAPVF3T 

API:A 
(h is) 

P14DLUC'ION 
(quintals) 

PRODUCTION 
\ALUtE 

(sucres) 

Sierra 853,34,.7 101,471,911 6,927,810,082 

Costa 1,122,74h.4 84,898,245 7,512,221,740 

Oriente 47,0.13.9 6,409,650 297,649,906 

Nacional 2,02 1,1:4.0 192,773,806 14,737,681,728
 

deoecononcael edio Rural Ecuatoriano, 
PRcqAJAiI:(;, W;, .Ni,, IJCtADOR. 1975. 
*OI(e d a] r = 4 ) sucr";:i 
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Cl inuate 

Figure. 2.8 shows the stations which were used to build the data base for 
study. The values of the temperature in the,noral Central£
s, ,thisOi,:h 	 .Sierra-area 

ranige between 6.01T (Pisyambo).an:d 15.9' C (Patate);' thinormal.- ties oo rain-es 

fa-M, 	 range. between 399mn in Riobamba and 1,275rr in Pisayanbo (see Figure 2 .8a 

and 	 2.8b). 

i~~~S D.S= = , 	 =. >,= 
Most soils i the study area are derived from volcanic ash. The parent 

materia, between 2,500 - 3,500m is a thick deposit of hard volcanic ash called 

c sahngaua. At al.titudes less than 2,500m, where it is drier, the slopes have 

been subjected to extrein water and wind erosion. The cangahua has been broken 

out and d.sintegrated. The soil is sandy, and the organic matter content'is 

less than 1 percent (Pstunent-Orthens). 

At hi.gher al.titudes, where mister conditions prevail, the cangahua is more 

intensively weathered and thorough.y disintegrated, forming a somewhat c..aysilt 

(DurustolI..) soil. A clay black soil, with an argilic horizon rich in organic 

matter (Duriodo.l, Argiudol-l), is Pound where rainfall. increases with height. In 

some areas with gentle slopes (20 percent), the old cangahua has been covered by 

Fresh volcanic ash. The soil is black, the organic matter is high (4-6 percent) 

and 	 the soil is ca.l..i.ed Aplustol. or, Hapludol.. 

Fina-U.y, at 3,500m, under udic and perudic soil. moisture content, one finds 

soils derived from volcanic ash with halofana material (Distrandeps-Hydrandeps). 

Natural.Veetation 

Since the pre-Col.ombian era, the indigenous population concentration has. 

been 	 largely .in the study area. As a consequence, natural vegetation has been 
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rerroved or given way to extensive settlement ard farming. There are only small 

gaps of virgin vegetation. In dry lands, one finds r blle (Schinus mlle), Capuli 

(Prunus~ sp.), Faig~ue, (Acacia macrachanta), Guarango (Tara spinosa), Mosquero 

(Croton sp.) and Chocho (Lupirus ~..In wet lands, adjacent to Paramn, the 

main species are Chilca (Bacharis .sp.), Puma maqui (Oreopanax sp.), Aliso 

(Alnus sp.) and Lechero (Sap.ium sp.). The highland scrub (Param) is mostly 

coS,,ered with ParDnx grass, (Stipa ichu) (Figure 2.5). 

A2
icu].ture
 

Social.-Agroeconomics 

Agriculture repreisents one of, the prinary areas of economic activity in the 

Central. Sierra. The primary land use is small farms where subsistence agri­

culture is practiced. Mechanization is limited to the big farms or in many 

cases nonexistent because of topography. 

The total. cropland for inain crops is about 124,123 hectares with about 10 

percent under irrigation, especiaJ..y in Thnoirahua Province. 

Farn size and farm unit statistics taken by the Agro-Social Economic Survey 

of the Rural. Sector (PRONAREG, 1975), helps in describing the status of 

agriculture. 

Table 2.2 indicates that there are 108,476 individual farm units. The mst 

striking feature isthe inequal.ity of' land distribution. These farm units which 

are less than 5 hectares ("minifundios"), comprise 84 percent of the total 

number yet they account for onl).y 16 percent of the total farm land. In 

contrast, the medium and large multi-family farms (50 hectares and above), 

occupy 61 percent ofr the land area, but only 2 percent of the total farm units. 

4cc0
 



Table 2.2 

Farm size and number of farm units in the Central Sierra Area (Ecuador) 

Size Farm NuiberFarm Units IAe Area 

(has) NO Percentage in 1000 Has Percentage 
Less than 1.0 40948 37.74 18593 2.17 

1.0 - 4.9 50000 46.09 
 117380 13.74
 

5.0 - 49.0 15551 
 14.34 194394 22.75
 

50.0 -90,9.9 1873 
 1.73 221312 25.90 

1000.0 an mre 104 0.10 302832 35.44
 

TYAL 108,476 100.00 854.511 100.00
 

Source: EnCUkS-ta AcIrosocio ecowmica del Medio Rural Ecuatoriano 
PRCN.4rG, Ministoria de Agricultura, Quito Ecuador. 1975 
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This wide disparity has existed in Ecuador since colonial times and will " 

lIikely continue unless nrre stringent agrarian reform measures are taken. 

he-main types of crops, area, production and yield are shovtin in Table 2.3. 

Barley, corn, potatoes and wheat are the most common crops. Most of these 
are 	either consumed by the farmers or 	sold to local markets for local 

consumption.
 

p rcuJ.tual. Practices 

With the exception of the relatively small proportion of farms which are
 

irrigated, the types 
of crops as well as the agricultural practices are pri­

marily determined by both the precipitation and temperature regimes. 

Major land preparation is accomplished just before the end of the dry 

season, from September to October. In the Andean areas, both subsistence and 

comrmercial. farming are practiced. Most subsistence farming is under the 
11bio-energetictt system. Briefly this system is based on an affordable and 
simp.e lifestyle which uses human and animal power. Land is cleared by burning.
 

Activities are timed to ma,,.imize the climatic resources. On the 	large farms, 

some asof the crops such potatoes and barley are grown under mechanization 
from seeding to harvest, but crops are harvested manually on small farms. 

Crop Calendars 

More than 90 percent of cropland is rainfed and therefore very iuch depen­

dent on the climatic and weather conditions prevailing in the highlands of
 

the 	country. 

The agricultural practices begin in October. Farmers in the Central Sierra 

begin planting as soon as the soil contains enough moisture and the soil tem­

perature is high enough to permit germination. If the rainy season is 
;ure 


.....
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TABLE 2. 3 

Area, Production and Yield of nin crops in the Central Sie- ,aArea 
(Ecuador) 

CROP AREA 'Has) PRODUCTION (Mt) YIELD (Kg/Ha) 

Wheat 3500.8 9375.77 2678.17 

Onion 834.8 24,991.15 29936.69 

Potatoes 34513.7 263282.59 7338.10 

Barley 22666.4 37802.23 1663.75 

Soft Corn 34676.9 22895.69 2210.74 

Source. Encue.: t:a Agrosocio-economica del 5ldio Rural Ecuatoriano 
PI OAICG. ',Iinisteria de Agricultura, Quito, Ecuador. 1975 
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delayed, Jhe farmer must also delay the planting. The annual variability in 

___crop yields in the study area Is closely linked to the anua luctuat ions 

weather. Weather factors may cause crop stress, leading to partial orltotal 

fail~ure or'the crop. 

At altitudes of'2,000 to 3,000m, the sowing of the crops begins at the 

top of the highlands (3,000m), and occurs during November, December, January, 

February and March. The sowing period decreases with altitude so that crops can 

only be planted during February, at 2,000m.
 

Although the period for sowing may be 8 to 10 months at 3,000m, a
 

11lmitLng factor is frost, which can occur anytime during the growing season, par­

ticularly during September and October. Table 2.4 and Figure 2.9 show the crop 

calendar of the main crops (cereals, potatoes, tubers, and roots) by altitude 

zone and growth stage for the crops in Figure 2.9a. 

Te21Lnogica Cnanges 

There has been a general, trend toward cmdernization of' agricultural prac­

* tices when the circumstances permit a departure from traditional farming and 

irrigation iaethods which have been passed down from generation to generation. 

According to Anderson (1977), the use of chemical fertilizer, sprays, trac­

tors, and other automated machinery is slowly replacing oxen and the exclusive 

use of' natural fertil.izer. Contact with external Influences such as government 

agriculturajl extension services has been minimal, therefore knowledge of many 

up-to-date farming procedures which could increase production is limited. Also, 

there is a l.ack of readily available credit (almost nonexistent among the rural 

2I4
 



TABLE 2.4 

Planting and harvest months of rainfed crops in 

NAME CROPS 

Patate Barley-Maize 

Anbato Barley-Maize 

Rumipamba Barley-Maize 

Riobanba Barley-Maize 

Latacunga Barley-Maize-Wheat 

Guamote Barley-Maize-Wheat 

Cotopaxi Wheat-Barley-Potatoes 
Oca-Melloco 

Pisayanbo Wheat-Barley-Potatoes 
Oca, Melloco 

PLANTING 
MONTH 

Jun-Jul 

Feb 

Feb 

Feb 

Feb 

Oct-Feb 

Oct-Feb 

Oct-Feb 

Central Sierra Area. 

HARVEST 
MONTH 

Dec 

Jul-Aug 

Jun-Aug 

Jun-Aug 

Jun-Aug 

Jun-Jul 

Jun-Jul 

Jun-Jul 
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poor). Farmers :ari'not afford to risk what little they now have on some new 

practAce which tlhey are not certain will succeed. However, one cannot disregard 

ruoistance to chuige aid the Infltence of custom and tradition. 

Natural Hazards 

The pr c tpItit;1.on anI temperaturt anomalies which sortimes occur during 

early vegItative ,;tea~e: of the cr,.I oause serious damage and consequently reduce 

yield:;. Weather' also effects yields indirectly by creating favorable environ­

rnritil conid t Ion:; for disease outbreaks. 
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Th mterloicldata ;incl~ude available :records ofmnhyranal i 

tempratreand relative humidity for eight stations for periods of 9 to 21 years;, 
Rupba has 41years of data since it Is a new station..There are also 15 

. . .. 

,yeari s of sunshine data for the stations Latacunga, Ambato and Riobamba with some 

S and 3.2 show the c.lmatologieal, stations and the period off record. 

i~ii°} Climatic Norm;-ls and Their Use 

?: ;' 'MTe c].imatlc "norml-s, tier monithly air temnperature and rainfall. for all. sta-
tion were used]to help develop the present study Investigating weather effects 

,: 

ii: 

on crop yield ointhe provinces of Cotopaxi, Tungurahua and Chimborazo. For a, 

tample, cl atic norals were used to estimate derived meteorological elements, 

s ichas potential evapotranspiration, by various methods. They were also used to 

he'p estabish the water balancesatns 

ushowsthe normal. valusa rainfa . 

determne a drought index. Table 3 3om 

and airotemerature f the eight locations 

:),/;[in'the Central Sierra. 
a o pSelectionof Data: Capabilities and Limitations3. 

I n this study, the databases were quatiity controled; the meteorological 

elements were carefully selected. Some elements have short riods rectrd , 

ongcopanyvdsuchie, a, apontia. i t Rumopa witop 4apoanito.byvaios.ehos.Thy.e icomplete years, Pisaymbo othr 



TABLE 3.1 

Ceographic location of eight climatological stations of Central Sierra 
(Ecuador) and years of climatological records. 

Altitude 
Statioms Lngitude Latitude (i) Records Year 

Cotopaxi 780-34'W 000-37,S 3 560 1959-1979 

Latacunga 780-37'W 00°-55,S 2 809 1959-1978 

Runipawba 780-35'W 010-01'S 2 628 1976-1979 

Pisayanmo 780-25'W 010 -04'S 3 615 1969-1979 

Antato 780-38'W 010-17'S 2 540 1950-1980 

Patate 780-38'W 01°-18'S 2 360 1963-1979 

Riobaiba 78°-40'W 010-38'S 2 796 1971-1979 

Diarrote 780-43'W 010-56'S 3 020 1964-1978 
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TABLE 3.2
 

Meteorological data available Central Sierra - Periods
 

ie lative Pan 
Staticns Terperature Rainfall Humidity Wind Sunshine Evaporation 

Cotopaxi 1959-1978 1979-1978 1965-1979 1965-1979 - -

Latacunga 1959-1978 1959-1978 1965-1979 1965-1979 1965-1979 1971-1972" 

Rumiparba 1976-1979 1976-1979 1976-1979 1976-1979 1976-1979 -

Pisayairbo 1969-1979 1969-1979 1969-1979 1969-1976 1970-1975 1969-1975 

Airbato 1950-1980 1950-1980 1965-1979 1965-1979 1965-1979 1970-1976 

Patate 1963-1979 1963-1979 1965-1979 1965-1979 - -

Rioblnuba 1971-1979 1971-1979 1965-1979 1965-1979 1965-1979. 

Guar)te 1976-1979 1964-1979 1965-1979 1965-1979 -

Someu mnths nmssinq 
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TAiBLE 3.3 

Climatic Normals of Central Sierra Area (Ecuador) 

Rainfall (rim) 

Stations J F M A M J J A S 0 N D YEAR 

Cotopaxi 95.8 111.8 145.4 135.6 122.4 84.9 49.4 38.8 83.2 105.4 107.4 91.2 1.171.0 

Latacunga 28.3 52.4 54.6 61.6 39.2 33.7 18.4 15.2 26.6 54.1 55.2 42.0 481.3 

RumipaTba 30.0 24.1 67.8 ,'3.5 20.0 16.4 20.8 27.6 51.8 22.3 29.9 42.6 426.8 

Pisayanbo 56.2 100.5 103.3 127.7 109.2 170.0 147.1 126.6 95.5 89.3 80.1 69.5 1,275.0 

PItat, 35.4 41.2 51.5 82.7 42.3 42.5 27.1 25.6 27.8 51.7 45.3 34.4 737.9 

Patato 21.9 35.8 54.1 52.4 53.3 80.9 61.4 60.4 54.5 45.1 42.2 29.1 591.1 

Riob- ,ia 27.2 38.6 47.7 5.3.4 32.1 -4.3 11.6 13.9 23.2 48.9 38.4 30.1 399.4 

airut-Q 32.3 62.4 66.4 58.3 31.5 33.0 16.0 12.3 36.0 63.6 43.1 36.0 490.9 

NtUILY IEAN 'IMPERATURE (°C) 

ta-o; .. J- F M A M J J A S 0 N D YEAR 

Cotopaxi 8.2 8.1 8.2 8.1 8.2 7.8 7.8 7.8 7.9 8.0 8.1 8.2 8.0 

.:Ataclu-ga 13.6 13.5 P3.4 13.4 13.2 12.4 1.2.1 12.1 12.6 13.4 13.6 13.7 13.1 

Ruiupanba 14.6 14.3 14.3 1.3.9 23.8 13.0 12.8 12.8 13.5 14.7 15.1 14.9 14.0 

IPisayal o '1.1 7.3 7.4 7.5 7.2 6.3 5.7 5.7 6.3 7.3 7.6 7.3 6.9 

Ajlibjtio 1.3.2 13.9 13.9 1.4.0 13.7 12.7 12.2 12.4 13.0 13.9 14.3 14.2 13.4 

Patate 16.2 16.3 16.2 16.3 16.0 ]5.1 14.7 14.9 15.6 16.4 16.4 16.5 15.9 

Riobarrba 1.3.7 13.8 13.6 13.5 13.3 ]2.4 12.2 12.5 12.7 13.5 13.8 13.8 13.2 

Gua~ote 13.5 13.4 13.3 13.4 13.5 13.2 13.0 13.7 13.7 13.0 13.4 13.4 13.4 
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~>~ 0,Latacunga with~ 2, and Ambato with 7. Sunshine hours data are also limited. 
2 i .has-limtted- the-def ining-of -1.ong-term .c]imato].ogica -nor, fori these YI 

elements. . 

However, in spite of these .1.Unitations, it was possible to determine that: 

1) rainfal.). is by far the mst tnportant meteorological element affecting crop 

yield and 2) long-ten means can be used for other elements. Therefore, it was 

deteriined that mrorithl.y and decada rainfal, could be coupled with long-tern 

imeans of other elements to estimate PET by different methods and calculate a 

soil roisture budget. 

2. & nomic 

As noted In Chapter IT, there are a large number of crops grown in 

the Central Sierra area. lbur crops (Table 2.41) were examidned in this 

cl.imate/crop yield study, with concentration on rainfed crops because they are 

the rrost widely grovin. The agricultural. data (acreage, production and 

yield) were taken from the Agro-Social-Economic Survey that was carried out by 

PRONARRI in 1975. 

As part of a prel.ininary study on the wheat yield nodeling in the Central 

Sierra area, data for sixteen wheat varieties grown on nine soil types in the 

provinces of Cotopaxi, Thngurahua and Chimborazo were obtained from PRONAREG " 

(1982). 

2 oAbiLities ad Ltmitat ions 

Acreage, production and yield data were only available for 1975. These were 
used to estabiish weights Cot the relative crop production indices (wheat, 

maize, barley and potatoes). Agroolimatic crop/condition indices for each crop 

at each station, as appropriate, were weighted by these data. 
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The available wheat yield data (1965, 1966, 1976, 1978 and 1980) were not
 

-SUiYc ient1yI hongeneous-for-deve .opment--of-statistical
Vc3Jmate/crop,-yield
 

models. There Is too much variability due to variety, soil. and climate.
 

B. Methodology 

1. Climatic Analysis rfechniques-Ecuador Drought Studies 

One objective of'this study was to determne how climate Influences the
 

development and yield of crops, e.g., through kniowl.edge of plant misture
 

a requirements.. Various agroclimatic tools which permit the study of moisture
 

supply to crops and the demand on crops were used. Also, drought conditions par­

ticularly during 1977, 1978 and 1979 were compared to drought occurrence in pre­

vious years.
 

2. Agroclimatic Tbols 

Several agrocl.imatic tools were investigated. These include various methods 

for estimating potentia]. evapotranspiration (PET), soil moisture and crop water 

requirements. These tools are used incrop yield modeling and as input for land 

use studies involving c.imate impact. -

Potential__atraspiration
 

Potential Evap)transpiration is the imximum quantity of water which
 

may be evaporated by a uniform cover of'dense short grass if the water supply to
 

the soil, isnot limited (Penman, 1948). PET estimates are essential to
 

establish environmental oisture demand on the crop, e.g., crop modeling and land
 

use studies.
 

Various nmthods were used to estimate potential evapotranspiration. Each
 

inethod requires as Input a set of different meteorological elements. Four
 

Methods were examined in this study to determine the appropriate method for the
 

Central Sierra area."" 7 
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Hargreaves Method
 

Hargreaves (1977) uses air temperatu," and solar radiation as the main
 

meteorological 	 el.einent3 to e3tinate Pi'. Sunshine hours can be uo:d instead of 

solar radiation when the latter 1:3 not wailable. Hargreaves' formula is: 

P!,r = 0.0075 (R-SM)TiI' 

where: 	 PCP = Potential FVapotranspiration (nm/day) 

RSM = Solar Radiattori (nL/day) 

'IT = rbnthly Mean Temperature ("F). 

hornthwaite Method 

'1iomthwaite (1948) util.tzes me;a mrinthly air temperature and latitude 

(e.g., dayl.ength) Ln the forriula: 

PET = 1.6 (10 T)a 
I 

where: PEI' =Ls the esolkated mnthly potentia. evapotranspiration 

n o'entirneters. 

'T= W.nth]y mean al r temerature in degrees centigrade 

T = Aruitma- heat tndlx 

a ox)lynomlal function of I. 

Because not all the noths or the year have equal. numbers of days and the num­

bers of the sunshine hours (Jaylength) change with the season of the year and 

latitude, this t'ormu..,i !rli;t he adjusted for daylength at each location. 

Penman Method 

Llenrin (19418) use: ,'1ar' radtat.ln (or sunshine), vapor pressure, wind speed 

and tenper ture t ept Uate )tent tal evax)transpirat Ion. 
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The i riified Penman romu.a as presented by Rosenberg (1974) is: 

pT= a Rn + b, ( a) ( 1 + U x 10 2)
 
a+b
 

where: PET = Potential Eapotranspiration (mn/day) 

a = slope of the saturation water vapor pressure curve for pure water 

F-1 )
at- mean air temperature (imn Hg 

n = net sol.ar radiation (nn/day) 

b = c(onst'nt In the hygrometer equation (0.27rmm Hg F-1 ) 

c = 0.3' 

es = saturation vapor pressure (mm Hg)
 

ea actial, vapor pressure (m Hg)
 

=
U m-rm wind speed at 2 in (ai/day),
 

Priestlel and Taylor Method
 

Priestley and Taylor (1972), established a method to calculate the potential 

evapotranspiratlon. Their formnula is similar to Penman's equation but simpler. 

It ut'lizs3 alr t,,1,iperature and the net radiation. The equation is: 

PEP = s A Rn, 
s+
 

where: PET = Potential. ,Pvapotran8)iration (nm/day) 

= 
s sl.ope of the saturation water vapor pressure curve at mean 

-al r temperature (niHgl, ) 

g = constant In the hygrometer equation (0.27 mmHgF -1) 

Rn = dail.y nut radiation (in/dayl 

A = mlnrieal.constant. 
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Soil Moisture 

The soil. moisture Is usu Ll.y the iost Important factor that affects crop 

production. Yields are determined by the water available for the development of 

crops. The soil. moisture is an excel.lent indicator of crop conditions. Several 

methods have been proposed for estimating soil moisture. They are based on soil 

moisture bal ance. 

Palmer Method for Estimatin Soil Moisture 

Palmer (1965) considers two arbitraty layers In the plant-soil. system: 

1) the upper layer Is equivaient tA the plough layer and assumed to hold about 

2.5cm of plait tvail.able wrater w'ilh !.s l.ost at a potential] rate and 2) it is 

assumed that the oniderl.ying laye- .oses water' at that potential rate when the 

proflle Is saturated. The avawll ater for the plants in the uiiderl.ytng 

layer lepend, on the epth of th4, root :-system and on the soil character' stics. 

The water loss lue I-,) actal evarotrijr.,irAration for the, surface and also the 

underlying layer U-i exprssed by the l'ol.owing euattris: 

) ", U 1w.) ''P1) -.SJI wh;,!iiv,r Is sma .1- ,
 

2) i = (PE" -LS) ;j/ .PAhjAx - 2.5)
 

3) AET i,s + L
 

where: PE p.tent1 ,i.vaptriplrat Ion 

119 :l=oss rtin the soil surface layer 

I =loss frorm thin wdtrlyjin, layer 

Ss = ;=tual avall.abloe ,i;11 pWlsture in the surface layer from the 

Prev 1ou3 Ini)t,i''s i.Jet 

Su = ;wtual -tvi! l.able :,,!A ii.msture in the ixiderlying layer from the 

pre~v tolls rr.j ,'5 s i,,get 
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AET = actual. evapotranspratton 

PAW = pl.ant available water previously defined 

The budget begins at some previous ttine when the soil. moisture is at field 

capactty. Preclpitatton exceeding stxrage capacity of the soil is accounted for 

as rurioft'. 

a r and Runoffanspiraton 

Tenns asso,:Iated with the water balance in a soil Inc.ude PET, 

pre(!pttation, the evapxtranspiration, runoff and percolation. 

Rvaptral'3if)ratton is the sum of water evaporated from the soil and water 

tranrspired by ) plant;. Ritnoft' Is defined above. 

.Cr.op. C tj ,lents 

Crop coeff'ictient:i help deternine the crop water requirement for different 

,',WAs ut v~ao1.o ::', ,r. ; , developynent. Factors affecting the value of the crop 

~oef'i.;Jent; lm.l : the crop charaeteristlcs, crop planting or sowing date, 

rat,- of crop d.v,:opmcnt, l.ength of r'owing season and climate conditions (PET). 

Ioot'enlr, ai PtriIT (RAO, 1977) define the crop coefficient (KC) as the ratio: 

111i ,~roc) or 
PI,7P' ref 

=
PE 'r' - K. x PET ref Crop Water Requtrement. 

'l'e refererco PET (PET ref) was defined in tne previous section, e.g., Penman. 

Crop coeftle ients In Tabl.e 3.4 can be used to establish the crop coefficient 

curve. This rilitres Iowledge or the crop calendar and PET reference. Crop 

coefficlents c..a be used to establish the water requirement for specific crops 

and each growth otage. 
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TABLE 3.4 

Crop Coefficients (kc) 

Crop Development stages
CROP CCrop ,_ TotalInitial develop- Mid- Late At growinR

ment season season harvest period 
pe.... 

' Banana 

tropical 0.4 -0.5 0.7 
-0.85 1.0 -1.1 0.9 -1.0 0.75-0.85 0.7 -0.8subtropical 0.5 -0.65 0.8 -0.9 1.0 -1.2 -1.151.0 1.0 -1.15 0.85-0.95 

Bean
 
green 
 0.3 -0.4 0.65-0.75 0.95-1-05 0.9 -0.95 0.85-0.95 0.85-0.9dry 0.3 -0.4 0.7 -0.8 1.05.1.2 0.65-o.75 0.25-0.3 0.7 -0.8 

Cabbdge 0.4 -0.5 0.7 -0.8 0.95-1.1 0.9 -1.0 0.8 -0.95 0.7 -0.8 
Cotton 0.4 -0.5 0.7 -0.8 1.05-1.25 0.8 -0.9 0.65-0.7 o.8 -0.9 
Grape 0.35-0.55 0.6 -0.8 0.7 -0.9 0.6 -0.8 0.55-0.7 0.55-0.75
 
Groundnut 
 0.4 -0.5 0.7 -0.8 0.95-1.1 0.75-o.85 0.55-0.6 0.75-0.8
 
Maize
 

sweet 0.3 -0.5 0.7 -0.9 1.05-1.2 1.0 -1.15 0.95-1.1 0.8 -0.95°grain 0.3 -0.5 0.7 -0.85' 1.05-1.2* 0.8 -0.95 0.55-0.6" 0.75-0.9' 

Onion 
dry 0.4 -0.6 
 0.7 -0.8 0.95-1.1 0.85-0.9 0.75-0.85 0.8 -0.9 green 0.4 -0.6 0.6 -0.75 
0.95-1.05 0.95-1.05 0.95-1.05 
0.65-0.8
 

Pea, fresh 0.4 -0.5 0.7 -0.85 1.05-1.2 1.0 -1.15 0.95-1.1 0.8 -0.95 
Pepper, fresh 0.3 -0.4 0.6 -0.75 0.95-1.1 0.85-1.0 0.8 -0.9 
 0.7 -0.8
 
Potato 0.4 -0.5 0.7 -0.8 1.05-1.2 0.85-0.95 0.7 -0.75 0.75-0.9
 
Rice 1.1 -1.15 1.1 -1.5 1.1 -1.3 0.95-1.05 0.95-1.05 1.05-1.2
 
Safflower 0.3 -0.4 0.7 -0. 8 1.05-1.2 0.65-0.,7 0,2 -0.25 0.65-U.7 
Sorghum 0.3 -0.4 0.7 -0.75 1.0 -1.15 0.75-0.8 0.5 -0.55 0.75-0.85
 
Soybean 0.3 -0.4 
 0.7 -0.8 1.0 -1.15 0.7 -0.8 0.4 -0.5 0.75-0.9
 
Sugarbeet 0.4 -0.5 0.75-0.85 1.05-1.2 
 0.9 -1.0 0.6 -0.7 0.8 -0.9
 
Sugarcane 0.4 -0.5 
 0.7 -1.0 1.0 -1.3 0.75-0.8 0.5 -0.6 0.85-1.05 
Sunflower 0.3 -0.4 0.7 -0.8 
 1. 05.-1.2 0.7 -0.8 0.35-0.-5 0.75-0.85 
Tobacco 0.3 -0.4 0.7 -0.8 1.0 -1.2 0.9 -1.0 0.75-0.85 0.85-0.95 
Tomato 0.4 -0.5 0.7 -0.8 1.05-1.25 0.8 -0.95 0.6 -0.65 
0.75-0.9
 
Watermelon 0.4 -0.5 
 0.7 -0.8 0.95-1.05 0.8 -0.9 0.65-0.75 0.75-0.85
 
Wheat 0.3 -0.4 0.7 -0.8 1.05-1.2 0.65-0.73 0.2 -0.25 0.8 -0.9
 
Alfalfa 0.3 -0.4 
 1.05-1.2 0.85-1.05
LcleanCitriusweeding06507 

no weed contro .75
0.85-0.9
 
c lean eeding0.65-0Olive 


0.4 -0.6 

Fir5t figure : Under high humidity (RHminin >70%) and low vind (U <5 m/sec).Second figure: Under low humidity (RI-hnin <20%,) and strong wind ( >5 m/sec). 
Source: FAO (1977) 
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* 	Croip Water Requirement 

The crop water requirement (CWR) Is definedas the~eto ae eddt 

meet the water loss through evapotranspiration (PE crop) of a disease-free 

crop, growing in large fiLel.ds under nonrestrictitg soil conditions, including 

soil. water and fertility and achieving Cul. production potential under the given 

growing environment. 

Crop water requirements are calcul.ated by considering the effects of
 

climate, crop characteristics (as given by the crop coefficient KC), local con­

ditions and agricu1.tural practices, including the local climate, distances and 

altitude, size of fields, advection, soil. water availability, salinity, irriga­

tion and cultivation methods, and practices for which l.ocal field data are 

required as discussed by Dorrenbos and Pruit (FAO, 1977).
 

The crop water requirement is obtained by multiplying the reference poten­

tial. evapotranspiration for each growing stage by the appropriate crop coefficient: 

CWR = PEP reyx KCp 

iTheCWR is a very inportant tool for land use studies. Climatic and soils 

information (e.g., maximum plant available soil moisture in the crop rooting 

zone) can be used to he.p determine which crops are appropriate and when they 

should be planted to minimize drought vulnerability. For example, plant 

avai.able soil moisture (estimted from the soil moisture budget) and the water 

requirement for a speciric crop can be cal.culated for a 15-30 year period. The 

empirical probability of the crop water requirement being satisified can be 

determined for some desired leve. (e.g., 3 of 4 year, 4 of 5 years, 9 of 10 

years, etc.). Irrigation requirements (the expected frequency, timing during 

the growing season, amount required, etc.) can also be determined. Finally, 

this type of information provides the basis for crop/irrigation advisories to
 

farmers during the growing season. 
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CH-APTER IV
 

DISCUSSION ON AGROCLIMATIC CROP CONDITION INDICES
 

1. Descri~ption of' Indices 

Drought can be defined by various methods including statistical analysis of 

rainfall, data and estinated soil. moisture (WMO, 1975). The nature of drought 

impact on agricu .ture may be examined by analysis of various agroclimatic indi­

ces including: 1')the Yield Moisture Index (YMI) developed by CEAS (1979), 2)
 

the Pal.mer Drought Index (PDI) developed by Pal.mer (1965), 3) the Soil Moisture
 

Index (SMI) developed by Ravel.o and Decker (1979), and 4) the R-Index developed
 

by Yao (1969). The agroclimacic tools discussed .in the preceding chapter are
 

used in 	 computation of' these indices. 

Yield Moisture Index
 

The YieLd Moisture Index (YMI) is defined as:
 

YMfjJ PiKCij
i=1 

where: 	 YMIJ the Yield Moisture Index [or the Jth crop (e.g., maize, 

wheat, etc.), 

Pi is the precipitation for the ith crop growth stage (i=l,N) with 

Pi < soil. moisture .te].d capacity, and 

KCIJ is 	the appropriate crop coefficient for ith crop growth stage and 

the Jth crop as determined from Table 3.4 with major growth 

stages of planting, vegetative and the reproductive. 

As discussed by Steyaert et al (1981), this index uses crop coefficients to 

weigh rainrall, during the growing, season according to the relative water 

requirement for each crop stage. For example, Table 3.11 shows that water is of 

most importance to the crop durlng the critical lowering stage. This is one of 

Ste primary agroc.Iaic indices used!by CEAS in drought/crop condition 

assessmek-ntrs (Steyaert, Ravelo and Sakwroto, 1980). 
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Palmer Drougbt Index 

The Palmer Drougit Infdex (PDI) represents a potentially useful. method for 

assessnrig the impact of drought on agrIcul ture. The PDI is based on a soil 

moisture budgeti'ig procedure which uses precipitation Fnd potential eva­

potranopiration as major biputs. 

The PD[ treats wet ;vd dry periods as a function of accumulated differences 

between :;iipply (precipitation) and demand (evapotranspiration). Near normal. 

ral ifall should provide an average iisture supply to the surface layer of the 

soil . Tl irtherrrore, atb'.: normal prectpttation is usually required after a 

dr,)ugfit w restore the s:oil. iiisture to normal conditions. 

TPhe Picr TDr hi: ILodex is des.Igned to permit comparison of any month or 

regilor to i\/vera :; 'he has used an,e ,odit;1;ons. Uilfx been as indicator of 

gener'l -,(p condl.tion -id the avaJ1.abt.ity of soil moisture to met the needs 

of tile -rop. 

The PDi is sca-led suih that a period of "normal." temperature combined with 

"nor,,]." prectpItatiorn has an InO'ix value of zero. Positi\ values of the index 

Lndlate ve,tter than normal. conditions, while negative values represent drought. 

Table 4.5 shows the PD[ (-.lasses for wet and dry periods. 

Ap] bli.ation of the Pal.mer Droughit index in the Caribbean Basin is discussed 

by Steyaert, Ravei.o nud 8akarnoto (1980). 

Soil M)isture Index 

Thie 'iL Index is as ratio between plantMoisture (SMI) defined the the 

avatlable water (PAW) and the rainin plant available water (PAWmax). The 

plant ava i lable water is the difference between actual soil moisture (SW) and 

pe.:rma-,. n1 wilting i Lnt (PWP), while the maximm plant available water (PAWmax) 

is Wev dITI'rerence between the field capacity (FC) and the permanent wilting 

point (PWP). 'he &4l Moisture Index is defined as: 
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TABLE 4.1 

Palmer Drought Index (PDI) classes for wet and dry periods 

PDI CLASS 

4.00 Extrenely wet 

3.00 to 3.99 Very wet 

2.00 to 2.99 Moderately wet 

1.00 to 1.99 Slightly wet 

0.50 to 0.99 Incipient wet spell 

0.49 to -0.49 Near nornal 

-0.50 to -0.99 Incipient drought 

-1.00 to -1.99 Mild drought 

-2.00 to -2.99 Moderate drought 

-3.00 to -3.99 Severe drought 

-4.00 Extreme drought 

43
 



SMI - PAW/PAnax 

where: PAW i:.SW - PWP, and 

PAftLx Is F - PWP. 

The Soil. Mo1l:ture Index is defined for values ranging from 0 through 1.0. A 

SMI of zero indlcate:i extreme rroisture stress while a value of 1 indicates no 

b,)st.-C stress ,)fl tue c rop. The computation of this index requires rmethods to 

estimate hoth PEHi' and soi. moisture. 

R Index 

'Ts Index It lefi'lned as the ratio of actual evapotranspiration to potential 

--vap)t r'ispirat ion, .e. 

RT=hT/P1', 

Lt is the forncti n of the atmospheric energy which causes evaporation from 

sol.. aid 1)laft :;wir'aoe, and precipitation which repl.enishes the soil. moisture. 

phesf.- tw variahiles cronstitute a supply and demand relationship which gives the 

R-In'ex the ability t imeasure pl..nt water supply in relation to plant water 

r(1urements. r[¢f. value of R is between 0 a id 1, and as a ratio it approxi­

mat.:s the beta d1:itrtbuticn. 

The R-Index (.;u he used as a tool 'o help solve the problems of agricultural 

l.aid uS(e capabl IIty, l.ong term agricul.tural pl.anning, irrigation project 
,lesiming, and a.r'ci.tural drought (see Steyaert et al, 1981). It can be used 

for analyzing the oft'ect of water stress on crop response as :,el] as to estimate 

opthmuin croo planting dates to ensure adequate moisture during critical. growth 

stages. Optiirnun crop planting dates can be determined by first obtaining those 

periods when the R-fndex is near unity, which would be ideal for the flowering 

staga of the c!rop. 13y destLating this period as flowering, the optimum 

planting date may be obtained by extrapolating the crop calendar backwards. 

44
 



Relative CpProductionInd ices 

As discussed by Steyaert, et a- (1981), agroclimate has become increasingly 

recognized as a resour.ce which ca assist agricultural planners and decision 

makers. For example, the authors discus8 an Econoclimate Program which was 

developed by the New Zeal.and Meteorological Service. It is based part on a 

system of weighted weather indices which provide relative information on agri­

cu .tura]. production. This system is designed to provide decision makers with 

real-time early warning information which is interpreted according to economic 

activity. The goal. of the Econoclimate Program is to learn more of the direct 

effects of the weather on the economy, to alert national economic planners of 

the value of the weather information and to assist them in the use of such 

information. 

Weather indices and agroclimatic rrodels are developed for diverse crops 

(wheat, fruit, carrots, etc.) and other aspects of farming. Models are also
 

'developed for lamb, dairy and beef production. These indices are based on 

historical and real-time weather data (e.g., precipitation and temperature), 

available from approxiately 100 meteorological. stations located throughout New 

Zeal.and. A national, index for each commodity is determined by aggregating 

weather information at each locatton by.-using weights for each location. The 

weight cort-esponds to the percent of national. production accounted for in the 

region containing the trp.teo ro.ogIc a-1 station for a particular commodity. The 

station weights add up to 1.0. V;i.ues for the national. index for each cormdity 

are determined for several years and displayed in both tabular and graphical 

form. More than 100 indices of relative production have been determined. 

Ana-lysts have spent conaiderable time determining which meteorological 

variabi.e s) are statisticaly and biologicall.y related to yearly variations in 

the agricultural production .. This inwolves determining the proper seasonal.­

3~~yjjj{Vj 4 5i 
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relationships b. tweeri variabl.es. For examnple, the wool ,production forecast 

node3 'isbased on cumulative rainfali. conditions (hence, pasture conditions for 

grazing) at, the erid or the autumn se ason which precedes spring shearing. This 

provides at least a three month forecast of expected wool production. 

The current Index value is compared to previous years index values. Some 
scenarios can be analyzed. One might include normal prec.'pitationfor- the 

remalIder of the forecast period. The impact of weather or climate conditions 

occurring several, weeks or months before harvest may be associated with critical 

biological factors that deternine the final. "yield." Such models provide 

: ubstantlal. lead-time 'or eonomic analysis in New Zeal.and. For example, repre­
sentatives of wool., dairy and ranching Industries in New Zealand rely heavily on 

this systeim of weather Indices in the scheduling of container shipments
 

riecessary to export products.
 

B. Application of Indices' 

These agrocl.matic indices provide an objective method to assess drought 

impact on agricul.turl, crops. They are not intended to assess the impact of 

flooding, frost occurrence or other anomalous weather events or the many non­

weather factors which also determine year-to-year variations in crop yield. 

Similarly, the indices are not desij'ned to assess crop conditions in are'as under 

effective irrigatton. 

Agroclimatic/crop condition idices can provide useful Informationon 

drought impact in terms, of relative crop yield or production by the end of the 

rlowering/reproductive crop stage, i.e. abdut 30-60 days before harvest. The 

index can be expressed in several forms: raw values, percentiles, percent of 
nsn nomlprcn of' astyearor s apercn f sme bse ear 

a .:- ,6 . . .. . 
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T'he mduer detenalnes whi.ch Index or comnbinat ion of indices (e.g., YMI for 

specific crops and PD[ for general. clinatic inpact on agriculture) are 

--:W --appropriate- for-tie- region.The.- Index-s.comnputed -fr-53,yer sn­
historic cl.imatic data. Interpretatton of the Index, is accompished by using 

episodic data (e.g., drought occurrence) to establish critical thresholds. for 

categorical. crop conditions, yield or production. The assessment of this year's 

crop is made by utsing observed weather data to calculate the index, interpreting 

the index in terms oC sianti.ar val.ues in previous years and then evaluating these 

resul.tsalong with other Information to prepare a written assessment. 
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CHAPTER V 

DISCUSSION ON CROP YIELD MODELING CONCEFIS 

A. Background 

During the decade or the 1970's significant advances were made in the devel­

opnent and appl.ication of' climate/crop yield forecast models. The increased 

avail.abil.ity of computers has permitted scientists to investigate climate/crop 

relationships from large amounts of historic data. Decision makers, planners 

and economists have come to recognize that these models can be used as a basis 

for cl.btal;Lc impact assessnents, partiul.arly to quantify the impact of drought 

on crop yiel.d wad agricultural. production. Climatic impact assessments can pro­

vide rellable, timel.y and inexpensive information to supplement and complement 

other Imp)rtant Infornmatton sources including: statistica. area frarre sampling 

1~rog1'luns, tqrn and marketbig reports, agricultural census or the classical 

derriard side economic an.L.ysis. 

The crop iodel. 1,3 the core of the. assessment prograin and there are essen­

tially three types of crop yield model.s: 1) agroclimatic/crop condition indi­

(es such ao described in the previous chapter, 2) statistical climate/crop yield 

wde.s, usually devel.oped by linear regression anaj.ysis and 3) phenologic or 

"process" tomodels which are based on plant processes such as photosynthesis 

simu]ate the growth and development of individual plants (these models are still 

in the research aid devel opment phase and are not further discussed). 

Although the primary focus of this chapter is on statistical crop yields, 

the relationship between these models and agroclimatic/crop condition indices is 

also provided. 'he statistica]. mode) is determined from multiple linear 

regression analysis using historic climatic and crop yield data. Avalidated 
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statistical n~del. foreca t outi o p yiu (e l .g.........pehctre
 

relet flcutosdetwhic only. ........ climiate:. iIn-contras t, the !i.;;..i
 

iagroclimaktic./c rop condition; <!:<i ine roie a.meas~ure of the relative i.crop yield i 

!ii (eig.,,the index expressed as a percent of norma .for in percentiles).,' Both =: 

: ':type~sof rwdel:s use predictors Mitch are known to be highly associated wt 

-.year-to-year yiel.d Cluctuations.. Ideall.y, the saine predictor .should result from : 

Sboth approaches; hoKwever, this ts not always true. For example, non-weather " 

facto~rs and "noise" in the yield or meLteorological. data frequently result in 

diflrerenceB which must be careful.Iy eval.uated prior to operational use. As
 

discussed I beu.ow, the NOAACEAS Early Warning Program uses both statistical and
 

agroclLnm. ttI(,/crop condition index niodels n assessing climatic .impact on poten-.
 

.. ti s]. food s pp ie . .. .. , 

.;- "B. Stattlstic&1. Crop Yiel.d ModelI. Applications 

: The statistical, mdels can be used for several. different purposes and 

include crop yield arid production forecasting, disaster earl.y waniing, crop i: 
(eg. te xrese a apecetofnoma. n eceties'49Btndx rmnit~oriiig, scenario anal.ysis, l.and use studies, sol. erosion analysis, and i'J 

crop/weather advisories for farme rs. 

~~Stattsti.cal. mdel.s have been devel]oped or at I.east attempted for most grain. 

. producing,aveas of the world. Some of the crops ifodeled include wheat, corn, ­

.;:barl:ey, riCe, c'ottn, .Sugar cane, -suriflower, sorghumii, i.let, grounctnuts, 

Asesan, oil. IEL" and others. It'data are re.iable (i.e., both meteorological 

tdtand and ifclite s a doinLating factor which determinesrecrop yiel.d data) 


near-to-year: tuctuat ionsyuld, these
dn del.s have produced very useful o
 

lte yiel.d .norn.tion (Soeyaert et al.19e81)
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Another application Involves the use of crop yield forecast mdels to pro­

v ide carly warning of' disastrous rood shortages resulting from severe drought. 

- ie II I - - .to . • I . Ion- ( ' 'the- Uiand ...6 ..... /FO ;S;,--

National Oceanic and Atmospheric AdmIlnistration/Center for Ehvironmental 

Assessment Services (NOAA/CEAS) are two organizations involved in this type of 

effort. The FAO program is, in part, based on an objectively determined 

agroclimatic/crop condition index. The NOAA/CEAS program statisticaluses 

climate/crop yield mdel.s and objectively determined agrocllmatic/crop con­

ditions Indices as a basis ftor drought/potential food shortage assessments pro­

vided to AID (particularly the Office of' U.S. Floreign Disaster Assistance), UN4 

(FAO and UIHDRO), and the U.S. Department of Agriculture. 

Statistical tTode.s can aJ.so be used with long-term records of climatic data for 

risk analysis. The wrdel. can be used to simulate yield well beyond the period 

of record ror observed yield data (yield is an integrator of climate and the " 

models convert climate data into sinulated yield data). Simulated yield time 

series can be used to determine the risk of crop failure by estimating probabi­

lities or crop fal.ure (2 consecutive or 3 consecutive years, etc.) or various 

probabilities for siju).taneous crop failure in two or more regions. 

As reported in CEAS (1979), a statistical crop yield model was used to 

tnvestLgate the vuJnerab~lity of corn to drought in Haiti. It was found that 

soll. erosion (associated with defore.3tation) and the reduced water hold1ng capa-

city oC the soil resulted in increased vulnerability of corn to drought, i.e., 

shal.ow soils cannot store much water to carry the crop through dry spells. 
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C. Data Bases for Statis.ticalModels
 

Year to year changes in crop 
yiel.d can be caused by changes in: 1) climate 

-- :-----.--,(dOroght-,or--anomlJous).y-wet-cond itions) , 2) -weather--events -(frost-ncodinghgh­

winds, etc.) and/or 3) technology and management decisions involving variety, 
fertilizer, irrigation, weed and pest control, etc. 
These factors together with
 

the 	soil factor determine the potential yield. Tirrv. trends in yield can be 
associated with either changes in technology (e.g., increased technology impact 

each year), trend In climate or both. 

The above suggests that an extensive data base is a very important require­

ment in mode..development. 
Data bases should include the following:
 

1) 	 Meteorological data (precipitation and temperatures plus cloud 

cover and other meteorological elements, if available). 

2) Climatological "normalts" or average statistics. 

3) 	Soils information including the water holding capacity and crop 

rooting depth.
 

1I) 	 Crop statistics Including acreage, production and yield. 

5) 	Agronomic data including Information on technology if available. 

6) 	 Episodic data nclql~[ng historic occurrences of drought, floods 

pest/disease outbtraks and others. 

In addition, very detailed information on cultural practices including crop 

calendars is necessary. Information on the method to estimate historic yield 

data is useful. in determining rel.i-ability of these data. 

D. 	 Corrents on Statistical. Models 

Precautions should be taken In the interpretation of empirical statistical 

r',dels as there are many assumptions that inare, usually made their deve.opment. 

It Is not possible to get mrre out of' a model. than what is originally available 
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in the samnple. 'The following gives a list of disadvantages and advantages of 

statistical climate/crop yield model.s based on monthly data. 

1) 	 They use a. ftxed crop calendar, i.e., it is assumed that the planting 

and vegetative growth stages, etc., occur at the same time each yeflr. 

For example, delayed planting could cause a shift in the crop calendar. 

2) Monthly data are used. Crops are also responsive to more frequent 

changes in the weather or climate. 

3) Shorter period weather phenomena, especially episodes such as extreme 

temperatures, high winds, freeze, or flooding cannot be modeled very well. 

4) Episodes usually do riot occur frequently enough for a quantitative 

regression analysis. 

5) Regression trodels tend to predict "close to the mean yield" and do not 

predict extremeis very well. The models should not be used to predict 

independently outside the extremes in the meteorological data used to 

develop the , rdel. 

6) 	The irodel.s use linear trend a! a surrogate ftor technology. If not 

objectively specified, the trend term can be very misleading in the 

development and use of the model.. Linear trend is used because the 

technology data are generally not available or are of low quality. 

7) 	Future climate/crop relationships may change from historical relation­

ships used to devel.op the imdel.. For example, varieties could change 

such as tradittonal. varieties to high yielding varieties. The climate 

reoponses co,ld be dif rererit. 

-. 	 , - 5'
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Advant-a;es 

1) If properly developed anl tested, these ,vdels are based on the 

statIst tcal./agronomtc/ophy:1cal simifican ce between the ci imatic data 

and crop yiel.d data. PhyL:;cal. significance nmans that any weather or 

climati, variables ,i;e.. !?t the imdel. have a hti, degree of biological 

relationship wit). th, krnown effect on the crop. 

2) 	 Wlde].s represent 3trtiight-f'orward relationships that make riinma. 

assurptions aiid p,ent the yteld data and cl.iratic data to define the 

mode). according b historic interrelationshlps. They make the maximm 

use of hi toric lTinmte. ,ata and yi&l.d which is an integrator of 

clinate. 

3) 	 'Tbne inode. .- are inoi) -nstv, to operate and produce useful. i2nfornation, 

particul.arly il' they are evaluated according to their strengths and 

wealkesses ,Jong wit.h other crop yie.d or crop condition forecast 

procedLures. 
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CHAPTE R VI 

RESU. AM DISCUSSION 

Soe~ the-rtstil. t, d'did 8dii~th fi;L provide the foundation for a 

regional- climatic impact assessment progran and support Iland use studies for 

rural devel.opment in the Central Sierra. An Agroclimatic Resource Inventory was 

completed arid provides extensive background information on climate, agricultural
 

practices and crop calendars. Several methods for estimating potential eva­

potranspiration (PET) are compared nd evaluated. Agroclimatic/crop condition 

indices for, rainfed wheat, barley, ,torn and potatoes grown at various locations 

were developed. Relative Crop Production Indices for each of these crops were 

developed by objectively averaging the above agroclimatic/crop condition
 

indices. The crop water requirement at each crop stage for wheat, barley, corn
 

and potatoes at locations In the Central. Sierra was estimated from adjusted 

crop coefi'icients and Periran PET (appropriate at the' location). 

A.' Agroclimatic Resource Inventory 

The Information provided in the Agroclimatic Resource Inventory (Table 6.1) 

is fundamental. to this study. Table 6.1 suwrnarizes key information on station 

nanes, al.ti, 'e, mean annual. temperature and rainfall., irrigated and rainfed 

commerica1. crops, ainfed subsistence crops, crop calen( -s, crop coefficients 

and the recommended fronths for making climatic impact as asments of agri­

cLf.tural production (relative indices). Tables 6.2 - 6.4 supplement this 

resource inventory. Prelininary crop coefficients, as discussed below, are pro­

vided in Tab.e 6.2. Table 6.3 provides mean crop production (metric tons) for 

barley, potatoes, corn and wheat grown in Fcuador; the Sierra, Central Sierra 

and the three provinces r'aking tup the Central Sierra (Cotapaxi, Tungurahua and 
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TAB] E 6.2
 

Crop oefficients for different crops 

Belts Crops Months 
u N D J F M ....A M 

Highland 0.4 (1) 

Wheat 0. 0.7 0.8 (II) 

amd 1.0 1.2 (III) 

3arley 1.2 0.8 (IV) 

Potautx S 0.4 (I) 

0.5 0.7 0.8 (I) 

1.0 1.2 (111) 

1.2 0.8 (IV) 

Uland 0.7 0.8 (1) 

WhcMt 1.0 1.2 (Ii) 

d 1.2 III 

Ba rley 0.8 (IV) 

Corn 0.7 0.8 (I) 

1.0 1.2 (II) 

1.2 III 

0.8 (IV) 

TTY P-ang, () Vegetave Gr(vth, (III) Fl1aering, (TV) Ripening 
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TABIE 6.1 

Central Sierra, wheat, barley, Potatoes, and crop production index 
weights for weteorological stations. 

PROVINCE STATION WIEAT BARLEY POTATOES CORN 

Cotopaxi latacmunqa .150 .17 - .240 

Cotopaxi .050 .06 .120 -

Tunacjurogua Nrbato .060 .100 - .180 

iP'tAte .060 .100 - .IR0 

Pisayanix .030 .060 .400 -

CUiflitorazo I'idbanAa .4 30 .380 - .400 

GUaTOtC .1.60 .130 .480 -

OTAL vTJ'(RJT 1.00 1.00 1.00 1.00 
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Chinborazo). Te percent of' national. production (N%), Sierra production (S%), 

and Central. Sierra production (5)is' also provided for each of these crops. 
,____,_Thee.data were -used_ to -develop- -the-crop- production-indexcweights- in- Tab1-6­

arnd are used to aggregate the agroclimatic/crop Indices (YMI) into a Relative 
Production Index for each of these crops in the Central Sierra as discussed 

below. 

B. Crop Clendar Information 

Crop calendar information for the primary crops grown In the Central Sierra 

are shown in Table 6.1. The subsistence crops grown under rainfed conditions 

are planted and cuiltivated at various locations in the region according to the 

accumu.ated experience of the farmer. It is this experience which determines 

that time perio. when climatic conditions can be expected to sufficiently meet 

the plant water requirement at planting and then during the critical crop stage, 
fTlowering/reproductton. Table 6.1 provides "nora" crop calendars. Although 

agro(ilimatic Indices are based on these normal. conditions, large delays in the 

beginning of the rainy season shoul.d be considered when making crop condition 

asses3sments. 

C. Crop Coefficients
 

Preliminary crop coefficients for wheat, barley, corn 
and potatoes grown in 

the Central Sierra are provided in Tables 6 ,Z and 6.2. The standard crop coef­

ficients presented in Table 3.4 have been adjusted to account for the large 

growing season for both highland and lowland stations. The calculation of the 

exact crop coefficients for conditions Centralin the Sierra requires detailed 
field experiments. However, these prel iminary coefficients were used for at 

1east two purposes In Ecuador. The ccefCicients, crop calendar information and 
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historic ircrnthly. raifal.l, data were used to dev'dlbp the Yiel.d Moisture Index 

(YMI,) at eahT ain(Table, 6.1)1 anid ['or wheat, barley, corn and, potatoes. 

----- These -agrodlimat-ic /criop condition -iidIces-can- be-used-to- monitor crops-provide--7'_ 

relative yield and prepare climate impact assessments. In the­.nfr.ation 

second application, the crop coefficients -were used to estimate the crop water 

requirement ',or tesea ,.une, crops. 

D. Potential. i,.,apotranspiration Estimates 

. The investigation ard evaluation of various methods to estimate potential. 

evapotranspiration (PP) was one of the p 'imary goals of this study. The 

iappropriate methodology [or making Pl1P estimates is very important to land use 

-Ludies. For examp]e, PLITIs used in calcul.ations to estimate the crop water 

requirement, soil. noisture, moisture stress (R Index) and other derived 

variables which are used to determile which crops are suitable for a region, 

their planting date and irrigation requirement, drov.ht vulne ability, etc. 

Monthly PET wa.s estimated at each Central Sierra louation by using four . 

nmethods: Penman, llargreaves, Thornthwaite and Priestly-Taylor. Figure 6.1 pro­

vides results for Ambato and these are typical for other locations (Appendix A). 

Figure 6.1 shows the sampl.e mean va)ues-,For monthly temperature (T), -, --

Precipitation 	(P), Ttyrnthwaite PLET (0), iargreaves PE-7 (H), Penman PEP (N), 

'Priestly-TaylorPET (Y) and Pan evaporation (E). All. units are in millimeters 

(n) except temperature (-C). There is.eneraJly good agreement between Penman, 

Hargreaves -and Pan Eaporation. The Priestly-Taylor method was not cali6 ated 

for the Central. Sierra grd probably is inch too high in estimating PET. The 

Thornthwaite method probab.y,,,ncirestiimates PET. Ambato is in a very dry region 

which requires irigation to grow crops. This isevident in Figure 6.1 by the
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ESTIMATED PENMAN PET 
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very l.ow rainfalI values compared t. Pw. In contrast, P'isayambo is a highland 

srtation whtoh r'.'oeiveu rreh more rainF'al. (Appendix A). this case, pre-In the 


Cipl1tatbi (urCvj Is substantially ;thove 
 the estimated PFPi vaJ.ues. The agreement 

between parn eVapa'.tton, haswhich recot ized l.imitations, and Penman or 

Hargtreaves wethys:; .tAnatc', Plsayamriho rnd Laticunga provides strong evidence
 

For tlhelr tpl 1--t. lrI ,tead 
 of the r'11towithwaite method. 

in addition 1,)the graphical, pl,'t:i ,;uch as in Figure 6.1, Appendix A also 
prov t!t', s;tmp1_e :'..tt;V,.s For all. ;)tatl.ons. Tables include means, standard 
Ciov!at;lon:;, mI.nfi,'f!n;3 i nixl'riuins 1',)r pr:cIpitation (P), temperature (T) and 

vari(ou:. ]'est1:risi.:;. These data Wer' used in the plots. Several findings 

aric1ude: 

1) '11 viri.u~ce (standar I d,v iatton squared) of rainfall ranges from 

10 tIU0 tlines larget, than the variance of PET. This suggests 

that, ye'.-to-year var attorns in crop yie.d are more likely due to 

ralnt'il I. than PET. it-rrar,, "normal" val.ues of PET can be 

usei, t'athe;r than caleiilitionis for each month. 

2) The v.,Lahtl i.ty of Thoiithwaite PET is quite small compared to 

other- , :hods, probably bcuse temperature variability is quite 

snr,11 I ii the! Central cr'a. The variabl-ity in other techniques 

is du, t) solar radiation variability each year.
 

3) The r tl.o between Thorithwril.te 
 and Penman PET is quite uniform at 

about 0".5. Furthern)re, analysis of Penman PET estimates at five 

Iocatlnori ,f different :J t,l tudes suggested that Penman PET 

dem' mr.,es about 2 rrrn for every 100 m increase in elevation. 
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ii}i)7 	: .,".
4 ' : " / : ,": ;. . :...% ";: ..i ' 	 ,: .-'71' 
 f' .4 : ? i~ :i7 : ; !::i! '. I!i:; 7iii7 ! !

Fi garnt ,T.2b l ,e ,6 . s ow t h " orma ., ( s m l e n o v a il abl e d ta 

abov. 

..F 'ot1 

TatFure 6.2 eat d :md6f'the Tae 'sno Penal (samps inearno ataiabte: doat 
! .e sus,.cin a. (sla hadL/Omraattioo Udet.ae i 
P...) at Patato, uhu nind Cotopaxi. This was made theaete Interpolation using 

vrcpiricatoin Ite 3)n above.e Both methods produced essentially the samere6UItS 

:,'"""' r'Peua JPvlesFrlto9This c-l"ose th Central. reeeSierra.reSu. tS. agreement 	 ratio and s Allh gradient are ):usbig the 0.45 indicteeau/seomienFigure 

(nite not; ,aerthy. Tae reaul.ty Is that Penman PENtnorinalvsaican probably be 

Interpo)ated at ,itations Wh10h do 1ot have records other than rainfall. and 

ternperatutru. 

Major- bndhig:: of h s fi,' ialyysis include: 

1) 	 Both Penirvin and ilargreave '.s PET1 mnethods appear appropriate for 

tio Central;. Sierra. S.i[ght preference is given to the Penman 

method which has been used by other agencies in Ecuador. Further 

verification Is rec(3rM3ary in future research to be conducted in the 

Central Sierra. 

2) "Normial." PETr valueo can be used in many instances because of' the 

sirn-l.1. variability of ITT~ relative to rainfal]. variability. 

3) PET1 ctn be intorpIx).ated from nearby stations for locations not 

having sufficient data. 

4i 	 TIEN313 rindinlys shiould be care CulJy considered by decision makers 

,uid *,ienti-Sts Liolvod with* land use studiLes. For example, land 

ci.a.szi.t1ricatlton (arid, iwist, etc.) based on' 

temperatUre-prec Lpitat ton, crop water requirement and PET beshould 

caref'uU-y ijivn tigate d. 
, 	 6 3
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TABLE 6.5 

..TiL" - E 

(M. m. 

STATION ALTITUDE COD J F M A M T T A S 0 N D 

25-ATD_940 P-r 131 1LI 12 16 113 93 104 1) 119 13 125 125 

RtP.TPA 262, E 134 122 130 116 120 109 114 1 129 135 131 132 

'RIOBA2796 PET 130 129 122 112 116 103 1ii 120 121 132 125 127 

:ATACtNGA 2809 PET 126 113 121 106 ICa 102 112 120 119 123 122 12 

ISAY.s3, 615 E: " 3 99 95 84 90 95 V'1 13 110 110 

STP-TED 

PATATE 2360 PET 135 112 121 120 117 99 108 I1)1 123 138 129 129 
3020 1 122 107 13 102 103: 97108 116 114123 

.... 5.10989 94 1 0 12 18 120 
..CI3OPAXI 356') PET 100 93 i102 98 94 S3 89 1 94 100 !112 109 110 



E~. YieWd Moi.sture Index (YMI) 

TI'he YMI waa-'computed for as indicatedrainfed crops at each location in 

Table, 6.1. Available Monthly precipitation data _(1965-1979), -crop. coef ic ts . 

~dapted for the Central Sierra, and crop calendars for each crop were used to, 

compute the index as discussed in Chapter IV. However, there was one important
 

exception; 
 mnothly rainfal. anunt was not censored to field capacity values due 

)tosni-arid conditions (see Chapter IV). The graphical plot of the YMI for 

corn at Ambato is s:hown In Pitgure 6.3a. Index values are provided each year for
 

the planting (RYMICLI), vegetative (RYMICL2), flowering 
 (RYMICL3) and ripening
 

(RYMICI4) 
 crop staRes. Each Lidex is expressed in percentiles. Similar graph­

cal plots expres,30 in percentiles and as a percent of normal YMI plus tabu­

l.arized vaitues are provided in Appendi.x B for all stations. 

The Index is m).t reliable (as an indicator of crop conditions) at the end 

of' the critical flowering crop stage. Analysis suggests, that YMI values in the 
2() to 40 percentile ranking Indicate moderate drought while YMI values thebelow 


20th percentile 
 suggest drought impact on the crop.,, 

P. ,entral Sierra Relative Crop Production Indices (CSRCPI)
 

Rel.ative crop production indices were developed for wheat,
corn, potatoes 

and barley grown i the Central Sierra, i.e., a single Central Sierra index for 

each crop. The bidividua]. crop Indices are graphically displayed in Figure 

6.3b. Tabl.e, 6.6 provides the nuinerical, values of the Index (POTCSRPI = 

potatoes, WHTCS1RPE = wheat, C0ORCSRPI =corrn and 13ARCSRPI =barley). The 
variable name has as the first three letters the crop (PO = potatoes, WT 
wheat, COR =.corn and 3AR = barl.ey), and the last five letters SRPI"1.. stand 

Vor "Central Sierra Relative Production Index." The CSRCPI for each crop was 

omnputed by using the beights in Table 6.11 to average the agroclimatic/crop 
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taios.Thsear 4forallcrpsard te variables.4 whc rcdeteCRP
conitin(YI)atnde achloalln aidcro a appropr i at for.crops grown 

. and they+correspond the B.i:vaue inTbl to .same. variables in Appendix ~ i::: 

=+.(,'LAI, = Laticunga, ,GO', = Cotopaxi', "AM" Ambato, 'IPA" = Patate, ,'PI'I = .. 
=Pisay nbo, "RI Riobamba, and "GU" =Guamote). The next 3 characters, 4 4. 

• stand for Yiel.d Moisture Index. The sixth character is the crop: "IC"- =com,, i~ 

S "W,-= wheat, "IB"I = hrl.ey, q~d "IPI = potatoes. The seventh character is,'IL' for -i: 
• , 4 4' . ' 

:.above, refers the: YMI at th .,end of ripening. Note that the CSRCPI for wheat and
 

- barley ofthIdeexactly Bane; thorfore only crop appears Figure 6.3b. use and
444' are the for thdfe renin in~alue one stoule (otubecop)as 

~~~Calcaklation or the CSRCPI-is illu~trated for potatoes, an upland crop, as : i.:! 

•Unfortunately, miss~ing monthly rainfall. data at Pibaywnb and Laticunga.
valuesinTable 6.6and they orrespon to. the !same+vaiale in+ Appe-nd+ix++ B+.,J++++'+++++ 

has hrces ++++++ stand for' the ++++++++station+na++ .I++hYM vribl 8 +++' + +++++h +"'is++m t+ -++me+: 11966,1970 precluded the definition of the OSRCPI for+years other than 1971-1979. i-.ii 

Th:' and CSRCPI :iiii::,Pese: ntssing; data .should be: estimated and-then, the YMI can :be calcu-

: lated for several. additional years. ::This permitts a much wider range of climatic--!! 

. ,!conditions .to appear In. the: index. '+.... ? 
T te) cio preseited: in meteorological units , Ie., total millimeters.4 4 

aboute: Bss. :;The+CSRCP'1-for ptte saot60rnwieCRP o te 

cro p s I sm abou 30S inn :This( doesnot: necessaril niaetattepouto 

of potao r ptevous cro tagps. 6.6 the v use+ Potaes sow mis aes 

foga.. cropsng ast.i... he e re thenfal 1vaialeiedinde hicthe 

4470': 



Relative fiuctuatLons ,iryng the hidices can be compared to see general. 

drought Impact. The index I, rea .ly designed to provide a relative comparison 

between years for a particu'ar crop. In the future, it Is desirable to also 

convert each Index to "perceritil.:s" aid "percent ofC norma]." values. Another way 

would be to eadulate "percent of' last- year" values for each index. How is the 

index used? 

The CSHP I mrit 1>2 ('ul].y test,, wid, evaluated to deterlnie: 

1) loes the CSRPi ete(' -r'op Failure due to droLkght? Possib].y using 

the; '{1T throigh, 'lowe:'l .. may be a better Index variable. 

2) How dots erie tttr'pr't K. the range of t'luctu'ition in the Index inl 

Lerri_ of ,fop prOdUit.r1on'. This requires calibration using episodic 

data, available or,)p ;,atkstLcs and qualitative information. 

The CSIRPI provides relative inforniation on production, not absolute rroduc­

tion va-lues. Arter, satisfactory ast it can be used int and evaluation, 

assessmients. Rrthermre, this corncept can be extended to other regions, even 

aI. of Fxuadr, to provide regional or national. indices for these crops, vool 

or .amb production, dal.ry productin and others. it could al.so be computed 

u ing K)pu] at ton estio-tes as a sC)' lo-ceonomic ndex. 

I. Pthlner i):'og4 htl tu..dex (PD1) 

The Palmer Drought Index was c(xnpute1l a- discussed in P,,.imer (1965) except 

that "riormal" Permvin PIvP data were used (Tab.e 6.5). The PD1 is potentia.l.y a 

usefait crop coniltlion as:ssmnent to)ol , but these resul.t, must be fully tested 

and ev'l.uat-'d prOor to oprattril use. Episodic data should be used for this 

purpose to determine It'drou4h., iorlit] crops or flooding actua11.y occurred. 

The PDI plot ftor seven rtrlogical. stations in the Cuntral. Sierra are 

provid'd Ii ApperilIx C. Ext~reme iroig4ht was probably experienced at Anmboto 

dutrig 1957, 1963, tdiq64, and uI. Patate in 1979. Periods of severe drought
Peidofsvrdruh71 



probabl.y affected agricuJ.ture at Ambato during 1946 and 1957, (see Figure 6.4), 

Cotopaxi In 1960, and 1961, and Patate in 1968 and 1969. Moderate drought con­

ditions occurred at (luanote and Cotopaxi in 1978, Patate and Cotopaxi in 1968, 

Latacunga and Pisayarxnh n 1972, an'i Amboto in 1975 and 1967. The relationship 

between the P)I aid the YMI Is aJ.so evident (See Appendices). 

H. CL i nat Ic mpact Assessrment 

A thorough test and evaluation is required before the Penman PET results and 

the agrocl.tinatlc/crop idLces (YMI, CSRCPI or PDI) are used in test assessments. 

This requires call.bration of the Indices. The beginning of test and evaluation 

is discussed below. 

T e time seris of' each index was analyzed and compared with documented 

droughit aind crop ,ainage cand food shortages which took place in the Central 

Sierra of' "Iuador duthi-g the years 1977, 1978, and 1979 (INAMHI, 1980). A good 

assoclatton between the Indices (YMI and PII) and reported crop conditions was 

found f'or these yea ru, but other years must be tested. 

I. Cr)p Water' R2equirenents 

The water recii.reimnnt for the crops growing in the lowlands and the high­

lanids of the Central. Sierra are shown In Pigures 6.5 and 6.6 (Ambato and 

Cotopaxi, respectIvel.y), and for the other stations n Appendix D. In the 

highlands, the "flO['mt" precipitation is greater than "normal." Penman PET, and 

the crop water requirement is usually satisfied. In the .owlands the "normal" 

vaa.ae of the Peimr i P1.P is greater than the "normal." precipitation, therefore 

irrigation is ustual..y required In order to satis.y the crop water requirement. 

It is riot surprising 1' t the stations located in the lowlands correspond to the 

dry area or the Central. Sterra. These results clearly indicate the difficulty 

posed to Farmers usinig rainfed agricultural practices. 
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Figure 6. a Palmer Drought Index ( PDI ) for Arpbato
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Figure 6. 4b Palmer Drought Index ( PDI ) for Ambato
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Figure 6. 4c Palmer Drought Index ( PDI ) for Ambato
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Figure 6.14e Palmer Drought Index ( P131 ) for Ambato 
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CHAPWR VII 

CONCLUSIONS 

BaSed on anal.ysis of these case studies and on examination of Appendices, 

the following preliminary conclusions are shown: 

1) The variance of precipitatior. is about 10-100 times larger than
 

that of PPI, therefore "norin].a" PET values can be used in land use 

studies. This also sug4e:sts that indices for crops could be based 

onl.y ori rainfa].l.. To evaluate the potential evapotranspiration 

methods, b)th Penman and Hlargreaves seem to be good methods for the 

region. Ti addition, mre,. experimental work in the field for a 

number of years is needed bi order to be able to clearly select the 

best m thod. 

2) The agroc. Imatic/crop condition indices (YMI, PDI, CSRCCPI) could 

be us,.d In the Assessmenit Program after test and evaluation. The 

YMI appu-ars t provide ;tquick response to variable weather con­

ditions for specific crop stages while the PDI appears to be a use­

fu]. tndtcator of long-tern (effects of drought on general agri­

cultural conditions. 

3) If the YMM Is expressed as a percentile ranking, the critical 

breaking -point for severe drought impact on crops is tentative.y 

estlimatd at bel.ow the 10th percentile. 

4) If the Pa.nimer )rought Index exhlbits a severity of less than or 

equl, tr, 2.0 for at J.ea:st tvn months during the growing season, the 

potential- or drought iinpact on crops exists. 
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5) The Rel.attve Crop Production Tdex appears to be a potential.ly useful 

Index for Central Siorr'ra relative crop production. After satisfac­

tory test and evaluatlion, this concept colId be extended to other 

r'egtons arad crops. 

6) In genera] , the crops grown in the ].owl.ads require irrigation 

diirrig orne or scuveral t,rowth sta4]es In or,]er U) satiscy the crop 

,att-er requIrements. Uiplia-nd crops nori].ly receive enough rahifall.]. 

t) ineet t crop watwr requirenents. The.-;(! resul ts are clearly 

indtcated In crop/wat 'r requirernent esUUrntes ,nade for each loca­

tion ind f'or each crop. 
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CH APTEI VIII
 

RECOMNMNDATIONS
 

This training prog,;xi: in agrometeoro.ogic&I assessment models at NOAA/CEAS 

is part oF the pruposed "Agroclimatic Analysis Program" for Ecuador in which the 

rollcwing Institut ton;. will participate: 

I) 	 Watlona. 1rustllite of 4eteorology and Hydrology of the Ministry of 

Natura3 Resouro:es and Energy, Quito (Instituto National de 

Meteoroi.ogla f Hidrologia, Quito) 

2) National! Progrun of Agrarian Regional.i.zation, Quito. (Programa 

Nacional. -le ,,,onalizacion Agraria, Ministerio de Agricultura, Quito) 

3) National. Develqynent Council, Quito (Consejo Nacional de Desarrollo, 

Qu1ito). 

The rr ln goal. of ttiI!' project is to Increase the national. agricitltural pro­

duction through the he:2!;. use of the a4,roc..imatic resources of the country and 

by mrtigatIAng the litipaL:t of the weather, and climate anomalies to crops. This 

trvoI.'es the devel-opment of' an Earl.y Warning Assessment Program to provide 

r,,l.ialfle. iformatior on the potential tor disastrous subsistence food shortages 

due to druht. 

'Te ,rocl.i!atC ri)del ; developed luring this training program will. be 

test~e :id ,,valuatd wltf f'uture crop yields. However, additional meteorologi­

--;Il. and c,ro.p yleld Ilta :3houl.d be con"i.tdered for testing purposes before the 

radel s titay be rel.ea:sed t) 'isers. Theru is also a need to acquire irmre agronomic 

dina -uid U) verify tue c.rop calendars. More information on crops and soils will 

be neced t) develol ivdel-s and Wo determine better understanding of the 

c rop/weather' relat ionshi ps. 
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An obLxor'at1f),oal prograrn rieeds to be etab1.Lshed to include observations of 

soil 1mI6tur,.? u,l i(Jar radiatton. Turthennore, additional precipitation sta­

tions are dNotrh~e In some ar'ao of the countr3o It is very Imnprtant that 

w4thods )- ,evlhpel V) ensuro that precipitation data are routtnely forwarded 

for ana3yals wtiLni a few day.s ;fter the end of' each irnrth. 

w[he 3 IP! o r the [)rop)sed "Agro limatic Anaiysts Progrm" shou-.d receive 

tehical tralnhiq as :aon as r)snible on ci.irate/crop yield modeling. Dn this 

rlew or r'..narh, the Models r.-no.h of NO()M/CEAS could provide tkechlica). 

asis~trlC,,. Trhea:,, t 0chnlcal 3upr)rt For the Implementation as well as for 

l
2 I', 0) cropanswering spec e ,Cuestionn condition "ssessnents, x6peciall.y during 

: ,
the f'irst .' he pro~ject, ar, needed. Aiitional ly there is need for a 

(W)IIt InHOIJO 'Jpr,',I :!int the imato)loglcal. and data used in-. In ('l agricul.tural 

crop yield rdl Ilng. 
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APPENDIX A!_/ 

COMPAI[SON OF SEERAL MEqHlODS FOR DETERMINING 
PUP N2TIAL FVAP()TRANSPIRATION (PET): 

o Meteorological Data 

o Stat' stics 

o PET (omparison 

Notes: _/ 	 The monthly mteorol.ogical. data, simple statistics for meteoro­
logical. data and PET estimates are included. 

"P' is precipitation (n), "T" As mean temperature (0 C), 'IW" is 
wind speed (m/s). "S" is total hours sunshl'ne, I"HR" relative 
humidity and "E" is pan evaporation (m). 
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---------------------------------- 

---------------------------------

*** METEOROLOGICAL

* CODE DATA / DATOS METEOQOLOGICOS= T: TEMPERATURE, p: PRECIPITATION, E: EVAPORATION
 

NAME=A8ArB4T0--------------


OBs YEAR 
 P I P2 P3 p4 P5 D6 p7 ?8 P9 Plo p1l D12
 
1 1965 12 7 7 
 88 33 20 1i 22 6
1966 13 52 50 14 31 II
 
3 1967 13 47 34 28 3727 23 13 6 4I 31 24 10 79
13 10 100 34 14
4 1968 48 46 68 15
28 b4 22 9 18 44
5 1969 17 8
18 47 113 108 46 25 31 24
6 1970 34 56 46 44 94 35 26 

8 
22 71 13 44
23 62 52 40
7 1971 
 4 72 59 22 4D7 113 43 21
8 1972 38 72 85 32 72 50
?9 2? 2029
9 1973 8 27 
 29 71 69 29 46 
 3b 83 36 23
0o 1975 2 65 90 55 64 
 33 4 2 7626 5' 65 52
12 1976 13 82 J9
32 2 45 56 47 34 20 25 56
13 1977 8 29 16 52 19
43 33 11 48
14 1978 0 31 60 

16 31 69 37 13 27
100 39 10
46 20 47 6 1 27
 

NAME=COTOPAXl------------­
085 YEAR PI P2 P3 P4 
 P5 P5 Ps
P7 P9 PIO Pll P12
 
15 1965 108 55 
 136 167 133 63 24
16 1966 168 77 

35 151 131 157 i05
138 106 123 86
17 1967 100 180 106 53 44 25 103 101 7) 90
103 85 19
18 52 29 167 83 27
1968 135 89 118 
 99 30 44
45 35 102 133 52 67
19 1969 73 113 107 160 86 115 
 1 77 58 113 22567
20 1970 116 151 110 202 201 7u 39
21 1971 112 200 298 108 
41 101 61 114 102
75 88 i1 26
22 1972 126 154 72 

122 283 122 87
245 148 42 21 75 32
23 1973 87 33 181 96
35 117 230 168 
 42 115 209
91 84 100 57
24 1974 69 259 
 168 140 235 205 75
25 1975 50 206 16 209 189 163 157
252 121 189 141 
 124 80 117
52 14: 46
26 1976 
 81 82 82 103 148 40 24 19
27 1977 136 73 170 81 82 70 50 105 13) 82
29 47 113 123 53
28 1978 86
64 74 78 151 123 59 68 3d 84
29 13 41
1979 88
. 141 172 . 56 145 71 .
 



---------------------- 

*** METEOROLOGICAL DATA / DATOS
CODE :T: TEMPERATURE, P: METEOPOLOGICOS f**
PRECIPITATION, E: EVAPORATION
 

--------------------- NAME=GUA4OTE 
........ ...........
 
OBS YEAR Pi P2 P3 
 ?4 P5 P7
16 P8 P9 PlO Pi P12
 
30 1965 32 
 24 25 102 45 
 9 3 9 IB 96 140 46
3 1966 26 46 60 
 52 42 27 13 12 15 41 29 47
 
33 1967 49 69 44 44 66
1968 40 83 64 23 34 3 9 106 19
27 11 53 24 10 71 98 16 191
34 1969 37 83 78 
 156 10 36 5
35 1970 93 127 46 9 39 di 83 125
52 124 49 16 12
36 1971 41 54 169 75 14 42 

7 60 80 19
3 17 42 102
37 1972 43 58 137 96 33 42 
26 18


13 15 20
38 1973 18 65 90 18 15 
6 75 23
21 22 21 59 31 14
39 1974 19 37
81 42 59 32 23 11 7 73 37 9
40 1975 2 113 61 17 47 12
13 68
41 1976 27 71 54 39 35 2 1 

4 26 108 58 2
 
42 1971 23 12 24 38 0 10 11 44
0 22 3 22 59 43 23 22
43 1978 32 23 
 73 55 55 14 13 18 69 36 31 
 72
44 1979 I 90 140 . 129 0 8 
 .
 

NAME:LATACUNGA 
-.... 
 .......

OBS YEAR P1 P2 P3 P4 
 PS P6 P7 P8 P9 PlO P1l P12
 
45 1965 28 17 24 
 69 35 5 27
46 1966 17 19 72 37 28 

2 3 45 108 36
45 17 13 37 52
47 1967 31 69 34 29 
89 63
40 32
48 1968 22 9 6 88 56
39 62 89 29 6 44 9 32 1c
34 48 55 36
49 1969 25 
 34 19 132 34 51
50 1970 72 25 62 

0 13 16 88 67
88 25 8
51 6 7 63 50 24
1971 21 94
49 38 24 46 0
14 11
52 1972 51 98 62 5
69 46 28 13 8 
 0 31 9 17 51 31
53 1973 19 51 33 89 
 44 17 15 15 68 32 26 30
54 1974 18 87 95 74 29
56 37
55 1975 7 133 58 
2 69 68 88 37
32 43 83
44 53
56 1976 27 40 96 72 29 27 89 68 58
62 14 
 6 16 55 44 46
 

58
57 1977 64 31 23 46 31 39 43
1978 10 28 56 77 5 53 59 5 73
5- 3 34 3 46 6 36 66
59 1979 0 . 0 
 * 0* 66
 



-------------------- 

-------------------------------- 

**
* CODE : T: METEOROLOGICAL DATA / DATOS METEOROLOGICOSTEMPERATURE, P: PRECIPITATION, E: EVAPORATION *
 

NAME=PATATE
 
OBS YEAR P1 P2 P3 P4 D6
P5 P7 
 P8 P9 PlO P11 P12
 
60 1965 24 5 22 55 34 34
43 69
6 1966 25 93 38 11
12 38 84 13 53 79 
 75 61 58 35 51 124
967 23 25 22 15 11 107 76 60 85 24 24

63 1968 40 33 52 15
1 39 42 12 19
64 1969 8 34 118 67 35 40 

30 13 12

11 59 33
65 1q70 31 60 34 17 64 

38 80 22
85 66 141 25 41 40 11
66 1971 37 37 58 25
63 92 45 76 27
33 52 30
67 1972 32 50 60
59 51 108 101 32 43 23
68 1973 126 18
14 29 54 109 113 46 71 79 93 51 
 21 30
69 1974 32 53 65 
 40 102 72 l0e 15 
 99 74 54 31
70 1975 i8 6 57 
 57 66 125 127 71 52 101 31 45
71 1976 28 3 
 51 66 87 102 79 33 30 50
72 1977 14 43 27 21
36 40 35 121 34 66 121 39 17 24
73 1978 14 33 59 
 88 44 B7 2] 43 55 13 1 15
74 .
75 19791979 . 12. 74. 92 66 34
. . 84* 49*. 20 

NAMF=PTSAYA 
 .....
 -O 

OBc YEAR P1 P2 
 P3 P4 P5 :6 P7 o P9 PlO P1l P12
 
76 1965 .
 .
 
77 19b6 . * ....

78 19t)7 . ."...
79 1968 ...
 
80 1969 2 
 40 i04 159 98 103 63 14A 53 155 94 64
81 1970 79 125 132 85 149 130 213 103 89 87 96 40
82 1971 53 86 i11 99 78 
 148 93 195 86 71 62 65
83 972 '4 68 102 116 74 141 15 40 76 
 93 133 61
84 973 42 70 63 92 
 91 91 1 6
87 46 53 85
85 974 70 110 78 102 131 12 154 
 58 143 92 116
86 975 54 124 
 50 72 103 125 140 52 83
87 1976 72 
 85 79 128 175 326 293 241 97 67 121 64
88 1977 17 172 156 161 93 222 
 148 169 159 68 55 85
89 1978 8 
 126 172 18 100 2-4 142 133 107 56 41 32
90 1979 . . 91 201 . 100 118 92 89 56 . 



----------------------

-------------------------------- 

*** METEOROLOGICAl 
DATA 	/ DATOS METEOROLOGICOS *
CODE 	 :T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

NAME:RIOBAMBA
 

OBS YEAR P1 P2 P3 P4 P6
PS P7 
 P8 	 P9 PlO P11 P12
 
91 	 1965 15 9 74

92 	

15 48 14 7 13 23 103 118 40
1966 6 79
37 	 21 
 17 	 45 21 8 17 35 45 40
93 	 "o7 23 43 43 
 26 	 7 46 13 8 16 86 30 18
94 	 968 29 36 40 
 9 	 4 55 14 2 42 11 1 995 	 1969 26 31 106 119 20 43 7
96 	 1970 39 87 28 46 84 b2 
. 13 31 52 35
 

17 	 50 110 30
97 1971 49 27 76 25
67 39 16 26 53 54
98 1972 36 70 	 61 36
81 	 69 23 67 23 12 7 11 47
99 1973 18 25 23 61 39 	 29
 
100 	 1974 2 29 62 56 7 1 24 28 22 13 16
31 	 35 10
21 57
101 	 1975 19 99 55 77 29 2458 	 17 74 82 24 47 76 48 22102 	 1976 16 40 41 39 2973 11103 	 1977 21 32 51 11 

24 8 23 65 2241 26 
 3 50 58 22 18
104 	 1978 14 47 26 105 44 29 5 
32


22 47 12 3 21
105 	 1979 • 20 
 • 	 55 58 6 • 18 46 .
 

NAME=RUIPABA ------------

OBS 	 YEAR Pi P3
P2 P4 
 P5 	 P6 P7 P8 P9 PlO P11 P12
 
106 
 1965
107 	 1966 • * 	 " " 
 -
108 1967 • • 	 •
 

.
109 	 1968 • • • 
* 

• 
• 
• • 
 •


110 	 1969 • ­

113 	 1972114 	 1973 " " " " •" " 
 •
115 	 1974
 
116 	 1975 " • 
 " 	 "
117 1976 	 •22 	 16 1 25 84 72
118 	 1977 30 
 29 	 44 68 14 24119 	 1978 14 47 26 9 32 76 45 28 73105 44 29 221 0 	 1979 0 

5 47 12 3 2118 	 93 93 55 13 17 0 49 . a
 



-------------------

---------------- 

CD= METEOROLOGICAL DATA / DATOS METEOROLOGICOS 
 *
CODE =T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION
 

NAME=AMBOATO
 

OBS YEAR TI T2 T3 T4 
 T5 T5 T7 TB T9 TIO Til T12
 
1 1965 14.0 13.0 13.0 14.0 14.0 12.0 12.0 12.0 14.0 14.0 14.0

2 1966 14.0 14.0 14.0 14.0 14.0 13.0 12.0 13.0 13.0 14.0 15.0 14.0 
3 1967 13.0 14.0 14.0 1~.014.012. 012.0 102.0 13.0 14.0 14.04 1967 13.0 13.0 12.0 14.0 12.013.0 11.0 12.0 13.0 14.0
14.0 14.0
5 1969 14.0 14.0 14.0 14.0 13.0 12.013.0 12.0 13.0 14.0 14.0 14.0
6 1970 13.0 14.0 13.0 14.0 12.013.0 12.0 11.0 1?.0 14.0
7 1971 14.0 13.0 13.0 13.0 12.0 

14.0 13.0
13.0 12.0 12.0 1?.0 14.0
13.0 13.0
 

8 1972 13.0 13.0 14.0 
14.0 14.0 13.0 13.0 13.0 13.0 14.0 i5.0 14.0
9 1973 14.0 15.0 14.0 14.0 13.0 13.0 12.0 12.0 13.0 
13.0 14.0 14.0
10 1974 13.3 13.0 12.8 12.4
12.9 12.0 
11.3 12.1 1?.4 13.1 13.5 13.0
11 197b 12.3 13.1 13.2 13.4 13.0 11.712.1 11.9 12.0 12.6 13.5 13.312 1970 12.8 13.1 13.8 13.6 12.1
13.0 11.4 11.6 13.1 13.4
14.2 14.0
13 1977 14.3 13.1 13.8 14.1 13.5 12.3
12.5 13.i 1?.6 14.1 14.4 15.0
14 1978 14.7 14.5 14.4 14.3 14.4 12.8 12.8 12.4 13.5 14.3 15.5 15.1
 

NAME=COTOPAXI
 
OBS YEAR TI T2 T3 
 T4 T5 T6 T7 T8 T9 T1O Til Ti? 
15 196b 7.5 7.7 7.6 7.4 7.17.6 7.3 7.1 8.0 7.8
8.0 8.1
16 196b 8.4 8.3 8.3
17 7.8 8.3 7.7 7.3 7.7
19b7 7.7 7.8 8,1 8.2 7.6 7.9 8.1 7.9
8.0 7.2 7.5
7.6 7.8
18 1966 7,6 8,0 7.7
7.7 7.8 7,8 8.1 7.7 7.8 7,7 7.9 17.7 8.0 8.0 7.9
19 1969 7.9 8.1 8.5 
 6.4 8.0 B.0
7.9 8.0
20 1970 8.2 8.3 8.2 8.3
8.4 8.2 8.5 8.1 8,3 8.1 8.2 8.1
7.9 8.2 7.9 8.3
21 1971 8.2 8.1 7.9 8.2 8.3 
 8.3 8.1 7.8
8.0 7.7 8.0 7.9
22 1972 8.1 7.9 8.2 
 8.2 8.4 8.0 8.1 8.2 8.2 8.2 8.5 8.0
23 1973 8.1 8.5 8.5 8.6 8.1
8.5 8.6 8.7 8.6 8.4 8.6 8.24 1974 8.4 8.1 8.4 8.6 8.3
8.5 8.3 8.3 8.3 8.6
25 1975 8.4 8,4 8 5 8.4 8.58.4 8.5 8.1 7.9 8.0 8.1 8.4 8.5 8.6
26 1976 8,3 8.4 8.5 8.5 
 8.5 8.3 8.1 8.2 8.3 8.6 8.5 8.6
27 1977 8.6 8.6 8.7 
 8 ' 8.5 8.4 8.5 8.4 
 8.1 8.5 9.0 8.6
28 1978 , 8.8 8.8
29 8.5 8.6 8.5 8.8 8.4 8.4 8.5 8.8 8.61979 
 " " • • 
 •
 



CD* METEOROLOGICAL DATA / DATOS METEOROLOGICOS 
 *
 CODE :T: TEMPERATUPE, P: PRECIPITATION, E: EVAPORATION
 

--------------- NAME=GUA IOT-

OBS YEAR Ti T2 
 T3 T4 T5 T6 T7 TS T9 TIO Til T12
 
30 1965 12.4 12.4 12.2 11.6 12.0 11.8 12.2 11.3 
12.0 12.2 12.5 13.1
31 1966 12.8 13.1 13.1 12.8 12.8 12.0
13.3 12.4 12.7 13.1 13.1 13.0
32 1967 12.9 13.1 13.2 13.5 13.3 12.7 13.3 13.7 13.2 13.1 
13.7 14.4
33 1968 13.4 13.6 13.1 14.5 13.5 12.1 11.8 13.0 13.3 13.0 
14.1 13.9
34 1969 14,1 14.2 
13.5 13.1 13.6 13.4 13.3 12.6 13.0 13.3 13.6 13.3
35 1970 13.7 13.2 13.6 14.0 13.4 13.2 14.0 
13.3 13.5 14.0 12. 14.2
36 1971 13.9 13.4 12.5 13.5 14.2 13.7 13.5 13.2
12.7 13.1 14.2 13.7
37 
 1972 13.4 13.3 12,9 13.3 14.2 13.3 13.6 13.6 13.9 13.4 13.4 13.6
38 
 1973 13.8 13.7 14.0 13.2 13.7 13.8 13.3 13.1 13.3 13.7 13.9 13.3
39 1974 14.0 13.2 13,4 13.5 13.3 
13.8 A3.4 13.7 13.2 13.8 14.1 13.8
40 1975 14.0 13.0 13.9 13.8 14.4 13.9 12.4 13.2 13.5 13.3 13.6 13.8
41 1976 14.4 13.9 14.3 
13.5 13.9 14.2 14.1 14.2 14.3 & 13.9 13.7
42 1977 14.5 14.2 14.7 14.3 14.6 14.9 14.6 12.7 12.4 12.3 13.2 13.3
43 1978 13.0 13.0 13.3 13.1 13.1 12.5 11.7 12.2
11.9 11.7 12.2 11.7
44 1979 • 
 13.2 12.0 . . . , 13.8 13.1 12.7 0 . 

-------------- NAME=LATACUNG--

OBS YEAR Ti T2 
 T3 T4 TS T6 T7 T8 T9 T1O TIl T12
 
45 1965 13.6 13.4 13.0 13.2 13.3 12.5 12.5 12.0 
13.4 13.7 13. 14.0
46 1966 13.8 13.6 
13.5 13.1 14.0 12.8 12.5 12.6 12.8 13.5 14.0 13.6
47 1967 13.1 
13 4 13.9 13.1 13.7 11.6 11 8 11.3 12.1 12.8 13.9 14.1
48 1966 13.1 13.1 12.6 14.1 13.3 12.2 11.7 12.8 13.1 13.3 
13.4 14.1
49 1969 14.2 14.5 14.2 13.9 13.4 12.8 12 
1 11.9 13.1 14.0 13.4 .
50 1970 13.4 13.7 13.7 12.9
13.6 12.5 12:7 11.7 12.6 13.5 13.1
51 1971 13.6 12.8 12.6 12.7 13.1 12.5 12.1 11.9 12.3 13.1 

13.6
 
13.6 13.4
52 1972 13.9 13.7 12.9 12.9 13.1 12.4 12.1 12.7 13.2 
13.5 13.6 14.0
53 1973 13.8 


54 
14.3 14.1 13.7 13.3 13.4 13.1 12.4 12.3 13.2 14.2 13.2
1974 13.5 12.8 13.1 12.8 12.6 12.5 11.8 12.4 12.1 12.8 13.2
55 1975 12.8 13.1 12.9 13.5 13.1 11.9 1t.3 11.9 12.3 

13.1
 
12.3 12.8 13.2
56 1976 12.8 13.1 13.5 13.3 12.7 12.1 11.5 11.7 13.0 
13.6 13.3 13.8
57 1977 14.1 13.2 13.6 13.7 13.3 12.6 12.8 12.5 13.1 14.2 
 *14.4
58 1978 14.1 14.6 14.3 13.8 
13.4 12.4 12.5 12.2 12.8 14.1 14:9 14.3
59 1979 . . a a . . a. . 



-------------------------------- 

---

** METEOROLOGICAL DATA / DATOS METEOROLOGICOS
CODE- T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION *
 

NAHE=PATAT: -----...............................
 
OBS YEAk TI T2 T3 T4 T5 T6 T7 T8 T9 
 TIO Til T12
 
60 1965 16.2 16.0 15.4 16.1 15.7 
14.3 14.4 14 .b 15.7 16.3 16.4 15.961 1966 15.8 15.6 15.8 16.0 16.1 
15.3 14.4 15.1 15.4 16.1 16.7 16.2
62 1967 15.1 15.6 Il.1 16,0 15.7 14.1 13.9 13.9 15.5 17.6 16.563 1968 15.5 
16.6 15.5 16.4 15.4, 15.0 14.2 15.2 15.9i 16.3 17.0 16.8
64 1969 16.8 17.,4 16.6 16,6 16.2 15.7 15.0 14.6 ii.l 16.6 16.5 16.765 197U 16.+ 16.4 15.9 16.3 15.7 15.," 15.1 14.7 15-5 16.4 16.2 16.166 1971 16.5 15:9 15.9 -
67 

16.1 i6.1 15.0 1 , I1 .4 14.; 16.2 16.5 iV7.71972 16.1 16.1 i.3 15.3 16.4 15.5 !5.3 Vc.7 15.8 i6.6 .i.668 1973 15.9 16.2 16.8 16.4 15.8 16.0 15.6 15.5 19.7 16.7 !7.3 1-.569 197. 16.0 15.t lI.2 is.5 15.1 Is. ,. 15.4 15.3 16.2 16.- ',6.270 1975 15.6 16.0 15.9 16.3 15.9 14.5 '4.1j 14.7 15.0 15.0 16.3 16.371 1976 15.9 16.1 16.4 15.9 15.6 14.6 13.6 14.3 15.e 16.7 16.3 17.1
72 1977 17.2 16.0 16.7 16.8 16.1 15.3 !'. 15.5 i .7.0 17.317.2
73 1976 17.5 17.1 17.0 16.7 16.7 15.5 15.2 
14.b 15.6 i6t. 17.3 i7.6
74 1979 17: 172 16.8 16.8 15.7 15.6 16.1 16.4 17.3
 
75 1979 . .. 
 .# . - •
 

NAME=PISAYA4BO 


OBS YEAR Ti T2 T3 T4 
 T5 T5 T7 T8 T9 TI TIl TI2
 
76 1965 . . . .

77 1966 . . . • " . • • •78 1967 . . . .
 . .... 
 . •

79 1968
80 1969 ' 1 8 8 7 5 6 7 8 6 8
81 1970 7 7 7 8 7 6 
 6 5 6 7 7 7
82 1971 7 7 7 7 
 7 6 5 5 5 7 7 6
83 1972 7 7 7 7 
 a 7 6 6 6 7 8 8
84 1973 7 8 8 8 7 7 6 6 7 7 7
85 1974 
 7 7 7 7 6 5 
 6 6 7 7 7
86 1975 6 7 7 
 7 7 6 . 6 6 6 7 787 1976 7 7 
 8 8 7 6 5 5 6 8 6 8
88 1977 8 7 8 8 
 7 7 6 6 7 8 3 8
89 1978 8 8 8 8 8 
 6 6 6 7 8 6 8
90 1979 . 8 8 
 8 . 7 6 7 8 8 . .
 



*** METEOROLOGICAL DATA 
/ DATDS METEOROLOGICOS *
* CODE = T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION
 

-------------------------------- NAHERIOBAM8A-------------

OBS YEAR Ti T2 T3 T4 T5 T5 T7 TB T9 TIO TI T12 
91 
92 
93 

1965 
1966 
1967 

14 
14 
13 

14 
14 
14 

14 
14 
14 

14 
14 
13 

13 
15 
14 

12 
13 
12 

13 
13 
12 

13 
13 
12 

14 
13 
13 

14
14 
14 

14
15 
14 

14
14 
14 

94 1968 13 14 13 15 14 13 12 13 14 14 1' 15 
95 
96 
97 
98 

1969 
1970 
1971 
1972 

14 
14 
14 
14 

15 
14 
13
13 

13 
14 
13
13 

14 
14 
1314 

14 
13 
1314 

13 
12 
1313 

12 

1?13 113 

13 
12 
1313 

14 
14 
414 

4 
13 
144 

14 
13 
315 

99 1973 14 15 15 14 1414 13 12 13 14 15 
100 1974 14 13 14 14 13 13 12 13 13 13 14 13 

10 1fi 1975I976 1414 13 14 41 113 2 1 1? 12 13 14 14 
103104 
105 

1977
1978 
1979 

15
14 
. 

14
15 
14 

14 
14 
14 
10 

14 
14 
14 

13 
13 
13 

1 

13 

13 
1312 
13 

13 
13 
14 

14 
14 

14 
15 
5 

15 
15 
15 

-------------- NAME=RUMIDA BA .--------------------------------
OBS YEAR TI T2 T3 T4 T5 T6 T7 T8 T9 T1O Til T12 

106
107 
108 
109 
110 
111 
112 
113 
114 
115 
116
117 
117 
118 
119 

19651966 
1967 
1968 
1969 
197o 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1977 
197812 97 

, 
. 

. 

. 

. 

. 

. 

. 

1 
14 

, 
. 
. 
. 

. 

. 

. 

. 

1i4 
15
15 

, . 
. 
. 
. 
,, 
. 
*. 

. 

14
15 

• 
• 
" 
• 
* 
a 

• 
• 
. 

14 
14 
14 

• 
. 
• 
• 
• 
a 

• 
• 
* 

14 
14 
13 

• 
.. 
• 

• 
• 
• 
• 

13 
13 
13 

• 

• 

• 
• 
• 
• 
• 
• 

12 
14 
13 
13 

• 
... 

• 
• 

12 
13 
12 
14 

• 

• 
• 

• 
• 

13 
14 
13 
14 

• 
• 

• 
• 

14 
15 
14 

0 

• 
• 

• 

• 
14 
16 
15 

14 
is 
15 



*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS 
*
 * CODE TT: TEMPERATURE, P: PRECIPITATION1 E: EVAPORATION 

..........-----------------------
 NAME=AmBATD-


OBS YEAR Wi W2 o3 W4 
 w5 w5 w7 W8 W9 WIO W1L W12
 
1 1965 3.1 3.3 1.6 2.0 2.6 2.7 
 3.0 3.1 3.0 2.4 1.9 2.5

2 1966 2.7 2.5 2.7 2.5 
 3.1 2.7 3.1 4.0 3.0 2.6 2.4 2.2
3 1967 2.3 2.3 2.6 2.6 
 2.7 1.9 2.1 2.7 2.8 2.0 1.5 2.2
4 1968 2.2 1.6 1.8 
 2.0 2.5 2.1 2.2 2.8 2.3 2.1 1.7 2.1
5 1969 2.4. 1.8 1.6 1.5 1.8 
 2.9 3.9 1.6 2.5 1.8 A.9 2.1
6 1970 2.3 3.5 2.4 2.5 
 2.9 3.6 3.8 3.6 4.3 3.8 2.3 2.9
7 1971 1.7 2.1 1.6 1.6 
 1.9 2.0 2.6 2.4 2.8 2.6 2.4 3.3
8 1972 2.0 1:9 2.1 1.7 1.9 2.7 3.4 
 2.8 3.6 2.8 2.0 2.3
9 1973 3.1 3.0 3.1 2.1 2.4 2.3 3.1 
 2.6 2.6 ?.0 3.1


10 1974 2.1 1.6 1.6 1.7 1.6 1.4 2.5 2.3 2.1 2.0 2.1 2.1

11 1975 2.1 1.7 
 . 1.7 0.9 1.1 1.4
12 1976 1.3 1.2 1.1 1:0 1.0 0.7 1:' 1.3 
 1.4 1.1 1.0 1.2
'3 1977 1.1 1.0 1.2 1.0 1.1 1.2 1.0 1.0 1.2 0.8 1.014 1978 1.2 1.3 1.2 1.0 1.0 0.8 0.8 1.0 
 0.9 1.1 1.0 0.9
 

............--------------------
 NAHE=COTO)AxI- ---------------------------------

OBS YEAR W1 W2 w3 W4 
 W5 W5 W7 W8 W9 WlO W1l W12 

15 1965 5.0 3.4 2.8 2.9 3.8 5.6 5.6 6.4 4.3 5.1 4.5 4.7
16 1966 4.8 5.1 
 4.7 4.6 4.5 4.7 5.1 4.9 4.6 3.8 4.4 4.7 
17 1967 3.8 4 .4 5.2 5.9 4.8 5.5 6.7 8.8 7.4 7.2 8.2 8.8
18 1968 
 8.6 7.7 7.3 7.7 8.8 7.5 9.0 F..9 7.4 6.7 83 7.2 
19 1969 * 7.3 7.3 6,7 6.8 6.3 10.7 7.0 8.0 6.9 5.9
20 1970 6.2 6.0 6.2 5.2 5.4 7.0 

4.7

8.0 7.5 6.1 6.3 6,8 7.3
21 1971 6.0 6.9 5.7 7.5 7.8 8.9 
 9.0 8.5 7.8 7.9 8.3 8.6
22 1972 8.9 7.8 7.3 7.9 8.5 8.9 10.5 9.1 8.0 7.8 6.0 6.7
23 1973 7,8 7.5 5.9 4.1 
 5.8 5.4 8.7 6.7 7.1 7.2 6.5
24 1974 7. 6.4 7.9 8.0 7.6 7.9 10.5 9.5 7.0 7.9 7.5 8.8
25 1975 8.5 7.6 7.3 7.6 7.4 8.7 7.1 7.6 8.5 6.1 7.8 9.726 1976 8.3 7.8 7.7 7.9 8.8 9.0 10.2 8.6 8.4 7.2 6.7 8.227 1977 6.9 6.1 7.4 7.5 7.6 8.0 8.6 7.8 6.9 5.8 6.5 6.9

29 1979 0 6.7 5.9 5.6 6.4 7.6 5.8 7.9 5.6 6.6 5.729 97 1.9 4.1
0 2.0 1.9 2.0 1.6 1.5 0 0 0
 



--------------------- 
--

-- ------------------------------ 

METEOROLOGICAL DATA / DATOS METEOROLOGICOs *
* CODE = T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

NAME=GUA OT-

OBS YEAR 
 Wl w2 w3 W4 W5 w6 
 w7 W8 W9 W1O Wl1 W12
 
30 1965 4.9 4.6 3.9 4.0 
 4.7 4.5 5.1 5.1 4.4 4.4 4.9 5.6
31 1966 5.2 5.4 5.4 5.3 4.4 5.8
6.1 5.6 6.0 5.8 6.6 5.5
32 1967 5.1 5.5 6.2 
 6.8 6.3 5.? 6.0 8.2 7.4 5.6 7.7 8.6
33 1968 7.2 6.8 6.1 7.7 7.7 
 6.6 6.9 6.7
7.4 6.6
34 1969 8.2 7.0
7.8 7.0 5.5 3.9 6.2 z-.9 
 7.8 7.5 6.6 6.9 5.8 6.4
35 1970 8.5 7.8 5.2 7.2 7.4
5.8 5.1
36 1971 8.9 7.5 5.9 9.7 8.2 

9.1 8.9 7.6 6 b 8.1
8.6 9.5 7.7 8.6 7.8
6.7 6.7
37 1972 7.0 6.5 4.9 6.8
6.0 7.1 8.2 8.4 8.6
38 8.2 6.4 8.0
1973 
 7.5 6.3 6.4 4.4 6.3 6.6 7.0 6.8 7.6
5.9 9.1 8.4
39 974 8.7 5.5 7,4 7.1 6.3
6.3 8.3 
 8.4 6.9 7.8 7.9 7.?
40 1975 
 8.3 SC, 6.1 7.9 8.5 8.041 976 6.7 5.5 8.5 7.0 5.8 5.6 7.8
5.3 6.0 6.5 6 7 7.. 9.3 11.2 9.5 0 6.9 7.742 1977 8.1 7.3 8.8
9.3 9.4 
 B.3 9.3 9.4 9.5 9.1 8.8 8.3
43 1978 
 7.6 5.9 4.8 4.8 5.2 4.2 
 2.7 2.8 2.2 3.3 4.0 3.0
44 1979 
 . 5.7 0 4.8 9.3 6.2 10.8 7.3 9.0 6.5 
 r
 

NAME=LATACUNGA
 
OB YEAR WI W2 W4
W3 W5 
 W5 W7 W8 W9 W10 W11 W12 
45 1965 2.0 1.9 1.8 2.0 2.0 2.82.8 2.8
46 1966 2.5 2.9 1.8 2.6
2.6 4.9 4.4 4.5 2.447 1967 3.1 2.3 2.5 1.4 0 4.5 3.1 3.1 3.0
2.4 2.5 2.8 3.0 305 3.4 3.2 3.4 2.6 2.448 1968 
 2.3 1.5 1.6 1.8 2.4 
 2.5 3.5 3.2 2.3 2.4 2.2


1,4 1.6 2.2 2.7 3.0 7.2 3.2 3.1 2.6 2.7 
2.7
49 1969 3.0


50 1970 5.1 3.0 2.3 3.3 2.6 3.4
2.9 3.0 2°9 2.6 1.9 2.1
51 1971 1.5 1.4 0.3 1.3 
 1.6 1.6 1.9 0.7 1.5 1.3 1.6 1.9
52 1972 
 1.7 1.5 1.3 1.3 1.2 
 1.7 2.4 1.5 2.6 1.6 1.4 1.6
53 1973 1.6 1.6 2.7 1.5 1.6 0.7 1.5 
 4.1 1.8 2.1 0.7 1.4
54 974 1.9 1.6 1.5 1.7 2.7 2.4 2.8 3.3 2.2 1.5 2.0 1.655 975 202 0.9 1.256 1.5 1.5 2.0 2.2
1976 1.9 1.4 1.5 1.7 1.9 2.5 2.8 1.6 1.5 1.5
2.3 3.4 3.1 3.1 1.6 1.7 1.657 1977 1.6 2.5 2.5 1.458 2.8 2.9 4.1 2.8 2.2 0.9 * 1.61978 2.6 2.1 1.6 1.4 1.8 
 2.7 2.7 3.4 2:.1 2.4 2.3 1.359 1979 0 4.1 0 4.0 3.9 5.4 5.2 5.0 4.5 3.8
 



-------------------------

*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS
* CODE *
 = T: TEMFPRATURE, P: PRECIPITATION, E: EVAPORATION 

NAME=PATATE
 
08S YEAR W1 W2 w3 W4 
 W5 W6 w7 ,48 W9 W10 fll Wi2
 
60 1965 3.5 
 3.3 3.3 3.0 6.3 6.4 5.6 b.4 4*5 5.1 4.7 6.0
61 1966 5.0 
 5.9 5.8 6.6 5.5 5.4 5.q 6.4 6.1 5.6 5.4 5.062 1967 6.0 6.1 6.3 5.7 7 2 4.1 5.7 6.7 0 5.7 4.7 5.863 1968 6.5 6.0 5.0 
 6.5 5.7 4.8 5.4 7.0 6.1 5.3 7.1 6.8
64 1969 7.0 6.2 5.0 4.3 
 5.4 
 5.9 5.1 3.8 5.4 5.3 5.3 6.065 1970 9.1 10.0 6.2 8.0 8.0 
 10.2 10.2 9.6 8.5 6.6 7.1. 8.066 1971 4.7 4.4 3.5 4.7 5,1 
 3.9 4.7 3.3 4.1 4.3 4.6
67 1972 4.4 3.6 4.0
3.8 3.4 5.2 3.8 4.0 3.9 5.7 4.7 3.6 4.1
68 1973 3.8 4.4 4.4 4.3 
 4.2 
 4.7 4.4 3.3 3.7 3.*4 3.8 2.6
69 1974 3.8 3.3 3.0 4.0 4.3 3.7 4.6
70 1975 3.5 2.7 2.4 2.7 2.5 

5.6 4.0 3.1 3.0 3.0
3.5 2.4 3.5 3.5 2.4 3.0 3.5

71 1976 3.3 3.2 
 3.0 3.5 3.3 3.2 4.0 3.5 4.6 0.8 3.4 4.3
72 1977 5.2 3.7 4.4 4.9 
 4.8 4.2 4.9 4.6 4.5 4.8 4,1 4.5
73 1978 4.4 3.4 
 3.8 3.1 3.3 3.5 3.9 4.2 4.0 3.6 4.4 4.1
74 979 6: .
75 1979 . 6.8 5.97 8.5 6:4 7:8 7:5 10:0 7: 10.5 5.6
 

-------------------------------- NAME=PSAYAM3O
 
OBS YEAR Wl W2 w3 W4 W5 w7
W5 
 W8 W9 W1O Wl1 W12
 
76 1965
 
77 196b 
 " "
 
78 1967 
 " " 
 "
 
79 1968
80 1969 3:6 3:7 3:1 2:3 3:7 3:3 5:6 4:2 4:1 2:9 2:0 3:3
81 1970 7.0 6.6 6.0 
 6.1 5.0 5.1 6.1 5.5 6.9 5.5 5.0 5.482 1971 2.0 3.7 3.4 3.4 3.8 
 4.9 6.4 5.6 4.5 3.5 4.2 4.7
83 1972 4.1 3.5 3.3 3.3 
 4.3 4.9 6.5 4.7 6.2 5.1 3.5 4.584 1973 5.3 4.8 4.7 3.9 
 4.4 
 . 6.9 6,5 5.0 4.8 4.'3 3.985 1974 4.7 3.4 3.8 ..3 5.5 5.6 
 6.6 6.4 S.1 3.4 5.5 5.686 1975 7.0 4.1 4.8 4.9 5.2 6.2 a 
 6.3 5,7 4,3 5.2 5.3
87 1976 3.9 2.6 2.9 3.5 3.5 4.3 
 5.4 4.1 3.4 3.0 3.9
88 1977 
 " " 
 " ••
89 1978 " 
 " " 
 " 
 "
 
90 1979 " 
 " . . .. 



* CODE : T: 
*** METEOROLOGICAL DATA / DATDS METEOROLOGICOS * TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

-- --------------------------------NAME=RIOBAMBA.................................. 

OBS YEAR Wl W2 W3 W4 w5 W6 w7 we W9 WO Wil W12 

10 

91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 
104 
105 

1965 
196b 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 

2.3 
2.5 
2.8 
3.9 
1.9 
4.6 
3.0 
2.3 
1.8 
2.6 
1.8 
1.5 
2:3 
2.8 
. 

4.4 
2.1 
1.1 
2.3 
2.3 
3.3 
2.6 
2.2 
1.3 
1.4 
0.5 
0.8 
2.7 
2.8 
6.3 

2.1 
1.8 
1.1 
2.7 
I.S 
3.9 
1.8 
1.6 
2.1 
0.9 
1.1 
1.1 
2.8 
1.8 

1.5 
1.6 
1.2 
2.2 
0.3 
5.1 
1.7 
i.2 
1.0 
0.3 
0.9 
1.0 
2.0 
1.2 
5.2 

2.2 
1.8 
1.6 
3.5 
1.2 
4.5 
3.1 
1.3 
1.1 
1.0 
0.8 
1.3 
2.3 
.7 
.7 

3,2 
1.7 
0.9 
2.4 
oV. 
'.9 
2.8 
1.5 
2.0 
0.9 
1.5 
1.8 
2.6 
2.2 
6.6 

3.3 
1.7 
2.7 
29 
2.0 

3.0 
2.6 
2.6 
1.4 
1.4 
2.8 

3.1 
6.7 

2.3 
1.8 
4.1 
2.2 

2.4 
2. 3 

2.0 
1.9 
1.8 
3.0 
1.8 
3.5 
5.3 

2.9 
1.5 
4.4 
1.5 
2.9 

12.6 
3.0 
1.8 
2.4 
0.9 
1.5 
3.8 
2.7 
2.2 
9.0 

2.1 
2.5 
3.6 
1.3 
1.6 
8.7 
2,5
1.4 
1,8
0.9 
1.3 
1.5 
2.4 
2.0 

1.2 
2.4 
2.5 
1.5 
1.6 
3.6 
2.4 
0.9 
2.0 
1.1 
1.3 
2.0 
2.1 
2.9 

1.9 
1.3 
2.6 

2.5 
6.6 
3.0 
1.4 

1.0 
1.0 
2.0 
2.6 
2.4 
a 

---------------------------------NAME=RUMIPAMBA---------- ---------------------

OBS YEAR WI W2 W3 W4 w5 W5 W7 w8 W9 WlO Wil W12 
106 
107 
108 
109 
110 

1965 
1966 
1967 
1968 
1969 

0 
. 
. 
. 

. 

. 
o 
, 

. 

, 
, 

. 

. 
, 

. 

. 
. 

, 
, 

. 
. 

. 
, 

. 

. 
. 
, 

. 

. 
, 
. 

. 

, 
. 

. . 

, 
, 

, 
, 

114 1970 . . . . . . 

116 1975 . . . . . . . • 
115116 19741975 . , . , . , . . . . . * . . 

117 
118 
119 
120 

1976 
1977 
1978 
1979 

2.0 
2.3 
a 

1:8 
2.1 
3,2 

.. 
2:5 
2.7 
4,0 

1:6 
2.1 
6.0 

2:4 
2.2 
3.2 

1:9 
2.2 
2.8 

3:8 
2.4 
2.3 
3.9 

3:5 
2.1 
2.4 
3.0 

3:5 
1.9 
2.4 
5.1 

2 4 
1.7 
1,9 
a 

2:0 
2.2 
2.3 
0 

1:7 
1.7 
1.5 
, 



* CODE = T: 
*** METEOROLOGICAL DATA / DATOS METEOiOLOGICOSTEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

* 

..-------------------- NAmiE=AHBATO 
OBS YEAR Sl S2 S3 S4 S5 56 57 SB C9 510 SI S12 

1 
2 
3 
4 
5 
6 
7
8 
9 

10 

1965 
1966 
1967 
1968 
1969 
1970 
197
197 
1973 
1974 

187 
121 
142 
169 
198 
151 
167
153 
24 

170 

167 
137 
138 
140 
164 
145 
ll
14 
139 
102 

137 
143 
72 
125 
142 
120 
98
138 
13? 
161 

145 
126 
156 
191 
137 
95 

148
156 
145 
156 

138 
169 
156 
160 
126 
114 
154
145 
137 

94 
159 
117 
125 
117 
146 
124123 
151 

119 
133 
137 
103 
133 
167 
1,9148 
169 

a 

158 
162 
137 
170 
126 
143 
127167 
137 

a 

125 
lb5 
160 
135 
]4 
122 
1.244 
158 
1 

166 
199 
160 
155 
169 
200 
166168 
199 

176 
190 
105 
201 
165 
184 
19?168 
i8t 

160 
173 
199 
212 
181 
160 
186170 

1 
13 
14 

1976 
1977 
1978 

131 
178 
198 

131 
98 

123 

155 
129 
126 

132 
137 
116 

11 
161 
167 

l1 
106 
138 

14 
136 
127 

10 
143 
122 

151 
115 
124 

169 
192 
176 

141 
163 
182 

158 
169 
159 

-------------------------------- NAME=COTOPAXI .............. 
OBS YEAR Sl S2 S3 54 55 S6 57 S8 S9 S10 Sl 512 
15 
16 
17 
18 
1920 
21 
22 
23 
24 
25 
26 
27 
2829 

1965 
1966 
1967 
1968 
19691970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978f,19 

. 

. 
, 
.
.• 
. 
. 
, 
* 

. 

. 

. 

, 

. 

. 

14A ii io 131 148 136 148 159 191 



--------------------------------

*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS *
 
* CODE = T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

I 

--------------------------------- NAME=GUA4OTE ---------------------------------

OBS YEAR Si S? S3 S4 $5 S S7 SB 9 SiO Slil 
 S12
 
20 	 1965 


1966 
*
 

3 967 
1968 " 

34 1969 .
 
35 1970 •
 

36 1971
 
37 	 1972 . 
38 	 1973 " .
 
39 	 1974 .
40 	 1975 0
41 	 1976 . 
42 	 1977 * 
43 	 1978
 
44 	 1979
 

---------------------------------	 AELTCN
NAEAAUG..................
 
OBS YEAR Si S2 S3 S4 ss S6 
 S7 S8 S9 510 Sli S12
 
45 1965 167 159 86 108 117 151 
 143 180 146 157 124 136
46 1966 125 131 152 110 145 172 171 182 180 174 168 161

47 1967 0160 129 131 144 0155 192 131 203 200
48 1968 175 61 128 178 171 152 142 168 150 153 202 205

49 1969 194 172 143 105 132 150 118 183 	 146

50 1970 0 133 155 80 a 179 182 161 1353 170 113 146

51 1971 135 77 76 101 94 120 161 122 110 113 166 165

52 1972 138 115 113 120 109 0158 153 111 73 53
53 1973 107 134 91 86 71 97 135 128 118 150
54 1974 150 85 128 114 135 105 155 170 80 103 104 13;
55 1975 147 96 112 87 122 106 137 120 116 121 126 160
56 1976 149 120 1 i06
 
57 1977 	 112 116 179 106 154 19 13) 166 176
59 	 97 19A 3 133 97 144 131 149 13116 171 174~ 161
59 1979 7 130 	 188
a 78 95 188 a 164 46 9
 



*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS *
 
* CODE : T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

---------------------- NAME=PATATE- ----------------------------------


OBS YEAR Si S2 S3 S4 S5 S5 S7 S8 $9 $o S11 S12
 

60 1965 ,
 
61 1966 .
 
62 1967 .
 
63 1968 .
 
64 1969 .
 
65 1970
 
66 1971 ...
 
67 1972 . 
68 1973
 
69 1974 .
 
70 1975
 
71 1976
 
72 1977..
 
73 1978 * 
74 1979 

75 1979 

­

-------------------------------- NAME=PISAYAM8O- --------------------------------

OBS YEAR Si S2 
 S3 S4 $5 S6 S7 S8 S9 so Sil S12
 

76 1965 . ...
 
77 1966
 
78 1967 .
 . .
 
79 1968
 
80 1969 
 9 1.
81 1970 9 74 99 126 10 8" 14 111 11
 
82 1971 101 60 69 100 94 91 88 84 102 124 128 127
 
83 1972 104 85 95 94 113 78 90 117 119 113 107

84 1973 73 96 76 94 87 103 127 123
85 1974 * . 107 118 8 84 101 92 
66 1975 
 . 76 73 53 80 65 7 78 122 123
 
87 1976 . * . 
88 1977 . . ......... 
89 1978 , * , * , , * * ,
90 1979 , , *. . * ... 



*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS *
 
* CODE = T TEMPERATURE, P: PRECIPITATION, E; EVAPORATION 

-------------------------------- NAiME=RIOBAMBA ---------------------------------


OBS YEAR Si S? S3 S4 S5 55 S7 SB C9 SIO SI S12
 

91 1965 192 174 123 124 145 128 183 202 157 156 142 171
 
92 1966 140 135 128 134 171 178 43
 
93 1967
 
94 1968 17 131 114 172 18 145 153 ISi 135 133 175 172
 
qS 1969 162 140 117 120 152 139 il1 122 99 144 
96 1970 138 148 123 104 133 158 144 171 146
 
97 1971 151 103 96 i30 167 134 136 138 136 151 16b
 
98 1972 160 134 118 112 136 166 155 118 165
 
99 1973 118 115 1 3 Y8 122 149 184 . 119 176
 
100 1974 128 138 156 146
 
101 1975 136 " 123 11? 12; 109 156 136 130 146 144 158
 
102 1976 0 125 131 128 108 101 172 151 154 134 141 166
 
103 1977 176 a 122 94 150 67 166 166 104 166 166 189
 
104 1978 177 134 142 112 163 150 166 100 151 176 197 151
 
105 1979 * 138 110 112 141 , , .
 

-------------------------------- NAME=RUMI)AMBk---------------------------------


OBS YEAR Si 52 S3 S4 55 S6 S7 S8 S9 S10 S11 S12
 

106 1965 , , ,
 
107 1966 * , , , , * , ,

108 1967 ° , . , , , . ,
 
109 1968 , , , ,

II0 1969 , , . , . . , . ,
 
111 1970 . . . . a . . a a a
 

1 1971 a a
 

113 1972 a * aa
 

114 1973 , a a , a , a , , .
 
115 1974 , a * a , a ,

116 1975 . . a
 

117 1976 166 146 15 132 142 164
 
118 1977 17 122 146 133 188 132 

a 

165 156 195
 
119 1978 140 138 126 151 155 162 153 194 189 170
171 162 

120 1979 158 124 111 131 181 132 170 164 201 • 
 a
 



--------------------------------- 

*** METEOROLOGICAL DATA / DATOS METEOPOLOGICOS 
*
 
* CODE = T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

NAmE=AMBAT-

OBS YEAR HRI HP? HR3 HR4 
 HP5 HR5 "R7 HR3 HP9 
 HP10 HRIi HP12
 

1 1965 75 73 79 78 79 
 81 79 77 76 76 
 73 73
2 1966 75 76 76 76 75 
 74 77 74 73 71 
 71 75
3 1967 77 75 74 
 72 75 77 78 74 
 72 77 73 74
4 968 76 73 8u 75 75 78 31 77 76
5 1969 74 77 80 84 81 82 78 79 72 72
76 77 78 78 79
6 1970 78 81 81 82 
 83 82 79 80 78 
 75 79 78
7 197 79 81 83 81 79 
 81 79 79 76
8 78 77 77
197 79 80 79 80 
 80 81 81 76 78
9 1973 79 78 79 83 83 81 81 80 71 79 76
78 75 74
10 1974 77 84 79 79 82 82 30 77 
 78 79 79 80
11 1975 81 83 
 75 80 77 74
12 1976 78 78 77 78 85 
 78 73 78 73 72 
 7B 75
13 1977 73 78 77 
 78 77 79 76 74 
 75 76 73 72
14 1978 72 77 76 83 78 77 
 75 75 75 71 69 
 72
 

. ..-----. .---------------------------------------------------------------------
OBS YEAR HRI HR2 HR3 HR4 
 HR5 HRS HP7 
 HR8 HR9 HR10 HR11 HR12
 
15 1965 90 88 82 92 92 90 87 87 
 90 91 92 93
16 1966 95 92 93 94 92 90 
 94 90 91 91 90
7 1967 92 94 92 90 93 94 92 90


93 92 93 
 93 92
18 1968 93 93 93 92
19 1969 92 93 93 92 93
93 93 92 92 92 93 93 93
91 90 39 89 90
20 1970 89 89 89 91 89 90 89 90
91 90 90 92 
 92 92
21 1971 92 2 9' 92 
 cl 92 91 91 91 
 92 92 92
22 1972 91 12 92 92 91 93 93 92 
 91 92 92 92
23 1973 92 92 91 92 9i 92 
 93 94 94 93
24 1974 93 94 95 94 94 95 95 93 93
95 94 95 95
25 1975 95 95 96 95 95 95 95 
96
 

95 95 96 95
26 1976 96 96 94 95 95 95 95
95 94 95 94 95 
 95
27 1977 95 95 94 
 94 95 95 95 94 91 
 92 92 92
28 1978 . 92 92 91 92 93 92 92 
 92 92 91 90
29 1979 . 69 75 7 78 79 78 
 . .
 . •
 



*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS *
 
* CODE : T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

---------.---------------------- NAME=GUA4OTE- ---------------------------------

OBS YEAR HRI HR2 HR3 HR4 HR5 HR6 HR 7 HR8 HR9 HRIC HR11 HRI2 

30 1965 78 78 78 78 78 76 76 74 73 73 76 76 
31 1966 77 75 76 79 75 72 76 75 74 75 71 72 
32 1967 76 74 74 74 73 76 76 72 73 75 73 73 
33 1968 75 78 79 74 73 75 78 75 74 75 71 70 
34 1969 71 76 77 79 77 78 76 78 77 79 77 79 
35 1970 7 79 77 78 79 79 76 76 77 76 76 73 
36 1971 76 76 78 76 76 75 75 76 75 77 75 76 
37 1972 78 78 79 79 79 79 so 80 81 81 80 79 
38 1973 81 80 81 82 82 81 E o 81 82 79 79 80 
39 1974 79 84 81 80 83 84 84 85 88 86 84 83 
40 1975 84 86 85 85 83 85 85 82 84 83 84 85 
41 1976 87 84 96 96 96 95 96 96 95 88 86 
42 1977 87 86 85 86 85 85 84 86 85 8 84 82 
43 1978 84 86 81 88 88 86 82 79 82 81 84 87 
44 1979 ° 92 93 92 92 91 9? 90 91 92 

.....------------------------- NAME=LATACUNGA- --------------------------------

OS YEAR HR1 HR2 HR3 HR4 HR5 HR6 HR7 HR8 HP9 HPlO HR11 HR12 

45 1965 78 77 77 82 82 81 77 76 74 75 77 77 
46 1966 79 77 77 79 77 74 78 74 73 73 70 73 
47 1967 77 78 73 71 74 77 77 75 70 77 70 70 
48 1968 74 70 74 78 68 69 
49 
50 

1969 
1970 

69 7 
79 

75 
76 

85 
79 

71 
81 

7; 
77 

75 
72 

73 
74 

74 
73 

74 
72 

76 
77 7 

51 1971 79 80 85 80 80 80 75 76 73 76 73 72 
52 1972 75 77 78 76 77 78 77 73 7S 71 80 73 
53 1973 86 74 78 82 79 77 74 76 71 71 70 74 
54 1974 76 84 77 79 80 80 78 75 77 78 80 78 
55 1975 86 91 82 78 81 84 80 80 76 79 77 76 
56 1976 77 78 78 79 81 80 76 76 79 73 78 76 
57 1977 76 81 81 83 84 85 79 75 75 77 0 76 
58 1978 72 72 77 80 80 77 76 73 75 69 70 74 
59 1979 70 * 80 80 76 79 75 77 70 , l 



-------------------------

*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS **** CODE = T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

NAME=PATATE
 
OBS YEAR HRI HR2 HR3 HR4 HRS 
 HRb 
 HR7 HR8 HP9 HRIO HRI1 HR12
 

60 1965 87 87 
 88 87 88 89 38 56 86 86 87 87
61 1966 88 88 
 87 88 88 89 90 9 88 87 88 87
62 1967 88 87 
 87 87 88 90 89 90 88 88 88
63 1968 89 87 89 88 89 89 
 90 88 8A 87 86 8764 1969 87 86 88 88 
 88 89 S9 90 87 87 87 87
65 1970 87 87 89 88 88 
 89 
 89 89 87 87 87 88
66 1971 88 88 8d 87 88 
 89 90 89 89 88 87 89
67 1972 87 86 86 88 87 
 86 
 88 88 88 86 87 86
68 1973 88 88 87 88 89 
 88 88 89 89 87 87 88
69 1974 90 90 89 89 
 91 91 92 91 91 90 91 91
70 1975 92 92 
 92 91 92 91 92 91 91 91 89 90
71 1976 91 90 90 91 92 93 92 
 92 90 90 91 90
72 1977 89 90 8d 90 90 91 91 90 
 89 88 85 87
73 1978 86 89 90 90 91 
 92 91 91 90 89 87 89
74 979 . 8- 74 82 83 84
75 1979 . 90 91 9 
 9i 92 91 91 90 90
 

........----------------------
 NAME=PISAYA93O------------

OBS YEtR HRI 
 HR2 HR3 HR4 HR5 HR6 -R7 HR8 HR9 HRIO HRI1 HR12
 

76 1965
 
77 1966
 
78 1967
 
79 19 8
80 1969 84 8 8 8A 8 
 90 90 91 90 85 0} 86
81 1970 87 90 90 90 90 
 89 88 92 91 86 87 88
82 1971 87 89 
 8 88 90 90 92 91 S9 88 88 88
83 1972 90 
 89 88 89 91 90 92 88 91 88 88 90
84 1973 92 91 91 90 89 
 89 91 88 84 86 83
85 1974 89 91 84 89 91 
 93 93 92 89 84 8 88
86 1975 92 97 90 
 89 91 97 0 94 00 92 8b 85
87 1976 88 
 88 87 88 88 89 90 89 88 83 87
88 1977 87 90 
 91 39 88 90 90 90 88 87 8b 88
89 1978 95 96 96 90 91 91 90 
 91 90 88 88 87
90 1979 0 85 87 89 
 * 87 91 88 88 87 a 



---------------------------------

*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS * 
* CODE = TZ TEMPERATURE, P: PRECIPITATION, E: EVAPORATION 

NAME=RIO8AmaA
 

OBS YEAR HRI 
 HR2 HR3 HR4 HR5 HR5 HR7 HR8 HR9 HR1O HR11 HR12
 

91 1965 70 68 74 76 78 75 71 69 71 73 76 74
92 1966 72 70 73 73 70 69 74 72 74 72 69 75
93 1967 75 74 72 73 71 77 73 73 69 73 bb 68
94 1968 70 72 75 10 68 73 73 66 69 72 67 64 
95 1969 68 68 75 80 75 79 75 , 74 76 77 77
96 1970 7b 81 79 79 80 77 83 76 76 71 
97 1971 74 77 79 76 76 73 7 71 75 76 74 67
98 1972 77 78 82 85 85 82 81 77 77 74 75 
99 1973 70 72 69 72 71 68 67 72 71 64 65
I00
1974 67 72 66 66 68 65 68 66 b9 68 68 750 975 70 74 70 72 72 72 69 68 71 70 66
0976 66 68 6' 71 73 69 bs 
 67 66 68 70 68

03 1977 70 74 72 72 69 
 72 b9 70 69 67 69
 

104 1978 69 73 74 75 77 75 75 72 73 68 69 73
105 1979 * 70 , 77 79 72 69 70 74 

I-J 

O -------------------------------. 4..--------------------------------........
 

OBS YEAR HRI HR2 HR3 HR4 HR5 HRb 
 HR7 HR8 HR9 HRIO HR1I HR12
 

106 1965 , , • , , • , * • 
107 1966 * * . . . * . • 
108 1967 • . . . . . ... o •
 
109 1968 , * , * , a ,
 
110 1969 * . , . . * * • •
 
111 1970 , , . . . • • 
112 1971 * , . * , * . * * .
113 1972 . * . . , . . . .* . ,
114 1973 . . . . . . . . .
115 1974 * . . * , * * . . .. 
116 1975 . , .

117 1976 " 75 76 74 75 79 76118 1977 75 78 77 80 75 76 74 72 73 73 68 73119 1978 70 .75 75 79 75 76 77 76 76 70 72 75120 1979 . 67 76 80 81 77 76 71 76 . .
 



*8* METEOROLOGICAL DATA / 
DATOS METEOROLOGICOS * * CODE = T: rEMPERATURE, p: PRECIPITATION, E: EVAPORATION
 

-------------------------------------NAmE=GUA IOT-

OBS YEAR El E2 E3 E4 E5 Eb E7 EB E9 EO Eli El2 
30 1965 

31 1966 

33 
34 

1967 
968 

l969 

. 

" 
. 

35
36 

1970197" . 

37 1972 " 
38 
39 
40 

1973 
974 
1975 

. 

. 

• 

41 
42 

1976 
1977 " 

• 
43 
44 

1978 
1979 

• 
• 

-----------------------------------------.. 
-------------------­NAME=LATACU--GA-

OBs YEAR El E2 E3 E4 E5 E6 E7 E8 E9 ElO Ell E12 
45 1965 
46 1966 
47 1967 
48 1968 
49 1969 
5051 
52 

19701971 
1972 

140 
148 

98 
131 

106 
123 

124 
129 

122 
113 

123 11A 144 13 125 150 

53
54 
55 

1973
1974 
1975 

. • 

56 1976 
57 1977 
58 197d 
59 1979 



----------- ---------------------- 

-------------------------

*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS *
CODE :T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION
 

NAME=PIOBA43A
 
OBS YEAR El E2 E3 E4 E5 Eb E7 E8 
 E9 EO Eli E12
 

91 1965 .
 
92 1966 .
 
93 1967 "
 
94 1968 "
 
95 1969 .
96 1970 . . .•••
 
97 1971

98 1972 .
 
99 1973 .
100 1974 . .
 •
101 19755 • •
 

102 1976 • " 
103 1977 .
104 1978 ......
105 1979 * B 5.. 

• 
• 

• 

.. 
 N--E-U----------------------------------AME=RUMIPABA 
OBS YEAR El E2 E3 
 E4 E5 E6 E7 E8 E9 EIO Ell El2
 

106 1965 , ,
 
107 1966 ,
108 1967 * , " ­109 1968 ,
 

110 ~ 1969S S0 

113 1972 . 5 6 5114 1973
115 1974 0 6 0
116 1975 
117 1976 05 5118 1977 " " " ,119 1978 * 0 0 ......... 
120 1979 . . " • •
 



------------------------ 

----------------------- ---------------------------------

*** METEOROLOGI AL DATA / DATOS METEOROLOGICOS *
 
T: TEMPERATURE, P: PRECIPITATION, E: EVAPORATION
 

YEAR El E2 E3 

1965 , 
1966 
1967 

, 

1968 
1969 . 
1970 " 
1971 
1972 " 
1973 " 
1974 " 
1975 " 
1976 . 
1977 * o.. 
1978 
1979 . 
1979 

YEAR El E2 E3 


1965
 
1966
 
1967 ... 

1968
 
1969 I04 86 94 

1970 69 71 73 

1911 • 52 73 

1972 

1973 66 96 " 

1974 7A 
1975 " 

1976 

1977 45 7 6 6 

1978 96 67 85 

1979 108 93 100 


NAME=PATATE.....................................
 

E4 E5 E5 E7 ES E9 E1O Eli E12
 

NAME=PISAYA--

E4 E5 :6 E7 E8 E9 E1O Ell E12 

a 

81 
81 

54 
68 

44 
61 

5A 
60 

47 
56 

7 
56 

91 
l06 

91 
82 

86 
87 

79 62 45 
54 75 79 9 81 11O 

5 54 7 81 
64 1 

84 .96. 
.... 

81 
66 
76 

" 
62 49 68 

95 
85 

93 
88 

a 73 74 59 73 85 103 100 



-------------------- 

*** METEOROLOGICAL DATA / DATOS METEOROLOGICOS **OSCODE :T TEMPERATURE, P: PRECIPITATION, E: EVAPORATION
 

NAME=AMBAT - -.------------------

OBS YEAH El E2 E3 E4 E5 E6 E7 E8 E9 E1O Eli E12 

1 1 9 6 5 . , 6 , , • a 0 0 • • 
2 
3 

1966 
1967 

45 
6 

19681969 
1970) 112 128 

11 
2511910 

0. 
16 9 -? 117 16 140 

4 
14 

8 
9 

10 

7 
1973 
1974 

4IA13.97212 

a 

lo 182 12A 

116 

109105 
116 

. 

1 f-123 
135 
108 

113 

122 

118
129 

. 
128 16 

13 

1975
1976 
1977 

i1 
* 

1 : 
* 

9 
• 

" 
* 

" 
" 

119 
14 1978 • • • ..... 

--------- NAE=COTOAXI---------------------------------
OBS YEAR El E2 E3 E4 E5 E5 E7 EB E9 E1O Ell E12
 
15 1965 
 *a0
16 1966 


* *017 1967 a 6018 1968 
19 

Sa6

1 969 
e0020 1970 

*a*21 1971 


* **22 1972 

*aa23 1973 

* **24 1974 * 
25 1975 a*a 

**a26 1976 
27 1977 aaa 

* *a 
8 1978 

* 9 1979 
a 



SIMPLE STATISTICS FOP LTP CALCULATIONS FOR CENTRAL $IERRA 

NAME=AMBATO 

VAPRAHLE MAN STANOARO MIN14UM MAXIMUM STO ERROR 
0EVIATION VALUE VALUE OF MEAN 

P 
p. 

14 
4 

21.o 
39.' 

11.7 
15.1 

8.0 
7.0 

48.0 
65.0 

3.7 
4.0 

P3 
P4 

1:' 
13 

5J.A 
51.? 

29.5 
31.5 

7.0 
13.0 

113.0 
108.0 

8.2 
8.7 

P5 13 39.H 2s.b 6.0 94.0 7.1 
P6 13 44.? 14.8 20.0 72.0 4.1 
P7 
P8 

3 
1 

1.. 
23.6 

12.A 
10.3 

8.0 
9.0 

46.0 
43.0 

3.4 
2.8 

P9 14 34.8 24.6 6.0 83.0 6.6 
Pit)PII 14 , 413.94e.9 27.523.3 6.010 100.07500 7.36.2 
pie
T1 

31.8
13.5 

21.61.o 
0.7 12.3 

79.0 
14.7 

6.0 
0.2 

T2 14 1J.6 0.7 13.0 15.0 0.2 
T3 14 13.5 0.7 12.0 14.4 0.2 
T4 
15 
Tb 

14 
14 
14 

1J.8 
13.4 
12.4 

0.4 
0.6 
0,5 

12.9 
32.4 
12.0 

14.3 
14.4 
13.0 

0.1 
0 
0.1 

77 
TO 
19 

I144 

I,. 
1(.
1,-

12.0 
12.1 
12.81J.7 

0.5 
0.63 
0 b
0.6 

l1.O 

.0.?26'. 

3.0 

T0TI 14 14.2 4.1:0.6 I2.13.4 15.5 0:50.2 
TI2 
El 

14 
3 

13.9 
124.7 

0.7 
17.8 

13.0 
112.0 

15.1 
145.0 

0,2 
10.3 

E? 
E3 
E4 
E5 

? 
4 
3 
4 

125.0 
125.3 
123.0 
111.0 

4.2 
8.8 
7.6 

13.6 

122.0 
113.0 
118.0 
99.0 

128.0 
133.0 
132.0 
26.0 

3.0 
4.4 
4.5 
6.8 

E6 S 10.6 11.9 870 116.0 5.3 
E7 r 12e.? 9.9 108.0 135.0 4.4 
ER 3 106.7 15.9 91.0 122.0 9.2 
Ev 
E1O 

3 
1 

121.3 
166.0 

6.7 117.0 
166.0 

129.0 
166.0 

3.8 

Ell 4 127.0 9.8 119.0 140.0 4.9 
E12 2 153.5 9.2 147.0 160.0 6.5 

iii
 



SIMPLE STATISTICS FOR ETP CALCULATIONS FOR CENTRAL SIERRA
 

NAME=AMBATO
 

VAPIAHL.E N MFAN 	 STANDARD MIN14iUM MAXIMUM STO ERROR
 
OEVIATION VALUE VALUE OF MEAN
 

PLNMANI 13 129.0 9.1 116.7 43.3 2.5
 
PENMAN2 13 117.5 9.0 101.6 31.9 2.5
 
PENMAN3 13 12b.0 7.8 10.0 41.8 2
 
PFNHAN4 13 119.5 8.4 04.0 137.6,3 
PENHAN5 12 114.1 6.9 102.1 12S.0 2.0
 
PE NMAN6 12 99.2 7.0 90.0 113.7 2.0 
PENMAN7 12 106.3 6.7 94.7 117.6 1.9
 
PENHAN8 It 115.9 8.4 102.1 27.3 2.5
 
PENHAN9 13 118.9 7.1 107.0 130.0 2.0
 
PENMANIO 13 138.5 8.3 121.5 152.9 2.3
 
P1NMAN) 13 131.0 10.0 128.3 141 . 2.8P NMAN] 12 13 .3 6.4 123.9 144.3 1.8 
TiHORTI 14 55.8 3.6 49.2 62.3 1.0 
THORT2 14 so.0 3.7 53.0 63.9 1.0 
THORT3 14 55.7 3.6 47.7 60.6 1.0
 
THORT4 14 	 5j 6(,.0 0.657.3 SG 4 

T #TH 45 55.0 4 :8 60.6 0.9
 
THO,4 T6 1 49.7 2.4 47.7 5$.9 0.7
IT!FO 4 47 2 .8 42.5 5 .9 0.7T,,oi T8 	 1 : 3.0 42.S Sg.s 0.814 

THLJRT9 14 51.8 3.3 47.7 5 .4 0.9
 
ThiOPTIO 14 5b.6 3.1 50.8 60.0 0.8
 
iOiRTII 14 59.3 3.4 55.1 66.8 0.9 
THORT12 14f 57.8 1. j64.5 1.0
 
PPSTL Y 13 192.2 16 218.1 .9
 
PPSTLY2 13 173.3 4.8 147.6 96.0 

4 'PTY3 184.7 '57'13: 
PPSTLY 3 177.0 :6 5:. i8:l 4.3 
PPSTLYS 12 16d.5 12.1 148.7 1 3.6 3.5 
PPSTLY6 1? 145.5 12.4 125.9 170.6 3.6 
PPSTLY 7 5.9 .6 35.5 75.3 
PRSTLY8 12 170.2 1.6 148.4 188.3 3.
 
PP5TLY9 3 173.9 1.0 154.7 z92.2 3.3 
P qSTLY I0 208.1 13.5 181.9 126.8 3.7 
PRSTLYI1 13 97.7 17.8 153.t 21t.7 4.9 
PPSTLY, 197.9 ,,.3 186.9 2J2. 7 3.3 

. 3179. 	 J 3 3.3
 
HAPGR% 3 1.7 :3 8 5 :A S 2.6 

IiARCRS 1 100.0 8.8 99.4 '4.5 2.4 
tiAP: 4 13 105.4 9. 87.1N. 2.5 
HARGRSS 12 10.2 8.3 88.0 12.6 2.4 
HARGRS6 12 8 .9 8.0 73.3 02.3 2.3 
HARGRS7 12 90.4 7.2 76. 10H.5 2.1 
HARGRS8 12 97.6 8.2 83.5 109.8 2.4 
HARGRS9 13 100.5 7.3 87.2 11.7 2.0 
HA1RGRS 10 13 122.7 8.9 103.7 34.8 2.5 
HPGRS11 13 119.0 11.6 91.7 130.8 3.2 
HARGRSI 2 12 118.8 6.9 109.6 134.0 2.0 

112
 



SIMPLE STATISTICS FOR ETP CALCULATIONS FOR CENTRAL SIERRA 

NAME=AMBAT 

VAPIAHtE N MEAN STANDARD M!NI4UM MAXIMUM STD ERROR 
OEVIAIION VALUE VALUE OF MEAN 

PENMANI 13 1d9.0 9.1 116.7 143.3 2.5 
PENMAN2 13 111.5 9.0 101.6 131.9 2.5 
PENMAN3 13 lb.0 7.8 110.0 141.8 2.2 
PFNMAN4 
PENMAN5 

13 
1? 

I.5 
114.1 

8.4 
6.9 

104.0 
102.1 

137.6 
125.0 

2.3 
2.0 

PENMANh 
PEN"AN7 

I? 
I? 

99.2 
10b.3 

7.0 
6.7 

90.0 
94.7 

113.7 
1 7.6 

2.0 
9 

PENHAN8 11 1I1.9 F.l4 102.1 7.3 .5 
PENMAN9 13 118.9 7.1 107.0 130.0 2.0 
PENMANIO 
PENMANII 

13 
13 

13d.5 
131.0 

8.3 
10.0 

121.5 
108.3 

152.9 
141.3 

2.3 
2.8 

PENMANI2 
THORTI 

12 
14 

131.3 
55.8 

6.4 
3.8 

123.9 
49.2 

144.3 
62.3 

1.8 
1.0 

THOPT2 
THORT3 
THORT4THORT5 

14 
14 

5o.0 
55.7 
57.3.55.0 

3.7 
3.b 
, 

53.0 
41.7 

.9:8 

63.9 
60.6 
60.060.6 

1.0 
1.0
0.60.9 

THOHTb 
T-iOR T7 
THOT8 

14 
14 
le, 

49.7 
1.1.5 
46.5 

2.4 
. 

53.0 

47.7 
4 2.5 
42.5 

52.9 
52.9 
53.5 

0.7 
0.7 
0.8 

THORT9 
THOPTI0 

14 
14 

51.8 
5b.6 

3.3 
3.1 

'.7.7 
50.8 

58.4 
60.0 

0.9 
0.8 

ToORTIl 
THO1T 
PQSTLYI 

14 
)4
13 

5Y.3 
57.8 
192.2 

3.4 
3.6 

17.8 

55.1 
53.0 
165.5 

66.8 
64.5 

218.1 

0.9 
1.0 
4.9 

PPSTLY 13 173.3 14.8 147.6 196.0 4.1 
PPSTLY3 
PPSTLY4 
PRSTLY5 

13 
13 
12 

184.7 
177.0 
16d.5 

3.5 
15:6 
12.1 

157. 
145. 
148.7 

210.1 
2 0.4 
183.6 

3.7 
4.3 
3.5 

PPSTLY6 12 145.5 12.4 125.9 170.6 3.6 
PPSTLY7 
PPSILY8 
PQSTLY9 

1? 
12 
13 

155.9 
170.2 
173.9 

11.6 
12.6 
12.0 

135.5 
148.4 
154.7 

175.3 
188.2 
192.2 

3.3 
3.6 
3.3 

PPSTLY10 
PPSTLYI 
PWSTLY 12 

13 
13 
1 

208.1 
197.7 
197.9 

13.5 
17.8 
11.3 

181.9 
153.3 
186.9 

226.8 
216,7 
222.7 

3.7 
4.9 
3.3 

HAPGRS| i3 113.9 11.7 99.1 13.3 3.3 
HAPGRS 
HAPRiRS3 

13 
13 

101.7 
lO.0 

9.3 
8 

85.3 
904 

15.5 
124.5 

2.6 
2.4 

HARGRS4 
t1aNGPS5 
HARGRS6 

13 
12 
12 

105.4 
101.? 
85.9 

9 
8.3 
8.0 

87.1 
88.0 
73.3 

126.0 
112.6 
02.3 

2.5 
2.4 
2.3 

HARGRS7 
HAPGRS8 
HARGRS9 
HARGRSIO 

12 
12 
13 
13 

90.4 
97.6 
100.5 
122.7 

7.2 
8.2 
7.3 
8.9 

76.0 
83.5 
87.2 
103.7 

01.5 
109.8 
I1l,7 
134.8 

2.1 
2.4 
2.0 
2.5 

HAPGRSII 13 119.0 11.6 91.7 130.8 3.2 
HAQGRSl2 12 118.8 6.9 109.6 134.0 2.0 
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S1M;tf STATISTICS FOR ETP CALCU.ATIONS FOP CENTRAL SIERrA
 

NAmE =COTOAX I 

VA IAriL.f 4LAN STA140ARD MINIMUM MAX IMUM STD ERROR 
DEVIATION VALJE VALUE OF MEAN
 

P) 1. 1U1.-' 33.1 50.0 168.0 8.9 
P? 124..1 07.74 35.0 259.0 17.9 
PA 151.6 67.7 78.0 ?9d. V 18.1 
P4 IS 12d.9 4H.3 53.0 23q.0 12.5 
p5 I 134. -4.3 30.0 23t.0 14.0 
P3: 81.I 46.0 40.0 205.0 12.3 
P7 1'4 1 0.0 12'4.0 9.549 . 15.4 

p i54 .623916.0 91.0 
P9 19 . 56.0 29.0 209.0 14:1 
Plu I II1 .3 67.3 13.0 2 3.0 17.'4 
P11 I. 110.2 44.2 41.0 181.0 a1. 
P12 1]. 9J.9 148.5 2 .0 225.0 12.9 
it 13 d.1 0.3 7.5 8.6 0.1 
T1 d.. 0.3 7.7 6.8 0.1 
T3 14 6.3 0.3 7.6 8.8 0. 
T4 It. d.1 0.6 6.4 8.7 0.
 
T5 1 ts.3 0.3 7.6 d.6 0.1 
T6 I'. 0.0 0.4 7.1 8.5 0.3 
TI 14 .0 0.4 7.3 8.8 0.1 
T" 1. d.0 O.'. 7.1 8.7 0.1
 
9 4 8.d 2.6 7.6 17.7 0,7 
TIc 14 b.2 0.3 ?.b 8.6 0. 
TII 14 d.3 0.4 7.8 9.0 0. 
T12 14 8.3 0.3 7.7 8.6 0.1El 0 . .... 

E 0 . .... 

E . . 
o6r . . . .. 
Af . . . 

E 0 , . . . 
(I . . • . 

LIU 0 . . . . 
Al . . . •
 

E120 . . . .
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SIMPLE SIATISTICS FO ETP CALCULATIONS FOZ CEbTRAL SIERRA
 

NAMCOTOA I
 

VARIALr N HEArJ 	 STANDAD M1NIMU4M%0 MAXIMUM STD ERROR
 
DEVIATION VALUE VALUE OF MEAN
 

PFNMANI 0 	 . , 
PENHAN? 0
 
PfNMAN3 0 , . .
 
PENMAN. 0 .
 
PENMANS 0 .
 
PENMAN7 	 ,,
PEINMAN1 0 	 . ,. 

PENMAN8 0
 
PENHAN9 0
 
PENMAN1O 0 . .
 
PENMANII 0
 
PENMAN12 0 
TiORT I 13 4:0 " 2.7 48:4 0:5 
THOPT2 14 4t.3 43.8 49.4 0.4 
THORT3 14 46.9 . 43.2 49.4 0.5 
THORT 14 4 .) :. 37.0 4d.9 0.8 
THOqT5 14 46.7 1.6 43.2 48.4 0.4
 
THOPTb 14 4). ? ?.2 40.6 47.9 0.6
 
TiORT7 14. 1.. 2.3 41.7 49.4 0.6
 
THORT8 14 4!.4 2.1 40.6 48.9 0.6
 
THORT9 14 49.3 I1 1.3.,? 93.4 3.4
 
THORTIO i4 4b.3 1.6 43.2 48.4 0.4 
THORTI I4 41.0 1.9 44.3 50.5 0.5 
THORT12 14 4b.6 .7 43.8 48.4 0,5 
PPSTLYI 0 . 
PPSTLY2 0 . 
PPSTLY3 0 . .
 
PRSTLY4 0 . .
 
PRSTLYS 0 , . . ,
 
PPSTLY6 0 ... .
 
PPSTLY7 0 . .
 
PRSTLY8 0
 
PQSTLY9 0 ..
 
PPSTLYIO 0 . .
 
PPSTLYII 0 . .
 
PPSTLYI2 0 , .
 
HARGPSI 0 ,
 
HARCRS2 N .
 
HARGRS3 0
 
HAPGRS4 0
 
HARGRS5 0 .
 
HARGRS6 0 ..
 
HARGRS7 0 ..
 
HARGRS8 0 ..
 
HARGRS9 0 ..
 
HARGRSIO 0 ,.°
 
HARGRSJ 0 .
 
HARGRS0 .
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SIMPL: STATISTICS FOo ETP CALCUA1IONS FOR CENTRAL SIERRA 

NAME=LA TA 'L3JNA 

41AtiI.F N 4FAN STANODAD MIN I4UH MAXIMUM STo ERROR 
UEVIATION VALUE VALUE OF MEAN 

P1 
P2 

13 
14 

21.5 
5.ti 

16.0 
32.3 

7.0 
17.0 

64.0 
133.0 

4.4 
8.6 

P3 
P 4 

14
14 

514. 29.1
? 9.2 

19.0 
28.0 

9t.0 
132.0 

7.9 
7.8 

P5 
Pt 

14 
14 

'4u1 
dd.4 

?n.8 
10.0 

5.0 
2.0 

68.0 
51.0 

5.6 
4.3 

P9 
Pi0 
P91 

14 
14 
34 

d3.3 
t.;. 

5.I 

21.7 
8.1 

25.0 

6.0 
6.0 
.0 

69.0 
9d.0 
108.0 

5.8 
7.7 
6.7 

P12 13 40.0 20.4 :.0 73.0 5.7 
TII12
13 
T4 
4 

1'.1". 
14 
14 
14 

I .h13.5
13.4 
I3.4 
1J.2 

0.5O.b 
0.6 
0.4 
0.4 

12.812.8 
12.6 
15.7 
12.6 

14.214.6 
14.3 
14.1 
14.0 

0.10.2 
0.2 
0.2 
0. 

T6 It. le.4 0.4 11.6 13.4 0.1 
Tl 14 12.e1hI2.1 0.50.4 11.311.3 13.112.8 0O.1 
r9 

T11 
LI 
E 
F3 
FE4 
Ec 
ELh 

1 . 
14 

2 
? 

1 

12.7 
3.4 

II1.b6 
h.p 

144.n 
1 14.5 
31.5 
I .5 
11756.4 
133.0 

0.4 
0.5 
0 . 
0.'. 
5.7 

23.3 
1?.0 
3.5 

. 

~ 
j "1 

.3 
2.8 

13.1 
140.0 
98.0 
6.0

18.5 
113.0 
123.0 

13.4 
14.2 
4.9 

14.4 
14b.0 
131.0 
23.0 
29.0 
22.0 
123.0 

0. 1 
0.1 
0.2 
0.1 
4.0 

16.5 
8.5 

: 

E7 
E 
E9 

t1.0 

I0t. 
z44.0 
130.0Io 

.11.0 

. 

. 
44.0 
130.0 

11b.0 
144.0 
130.0 

ElI1 12o:0 126:0 126:0 
E12 1 190.0 150.0 1o.0 
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S I I bIA1 ISTICS fOR EP CALCULAtIONS FOR CErNTRAL S!ERRA 

NJAM -LATA:UiGSA 

V(,;4IA I4I.F Mt.AN ST ANJ)AP) M I4 4um 'AXIMUM STD ERROR 
I)[VIATION VALUE VALUE OF MEAN 

PI NlbAN I 
PFNMAN? 
PF N"AN 3 
Ir NMAJL 
PENM4ANS 
Pf NMAN6 
PENMAN7 
PFNMANA 
PF-N'AN97 
PFNMANIO 
PF NMAN I 
PE NMAN 

i
-I0r2 
IHOPT3 
TmiOPf4 
T 0HO5T I, 
ITHOT6 
TH~IO7 
rH r,
f'. T4 
b0 /10'o14 
rH01411 
THOPT12 
PPSTLY 
PPSTLY2 
PPS TLY3 
PPSTLY4 
PPSTL YS 
PPSILt6 
PPSTLY7 
PL)STLY8 
PPSTLY9 
PPSTLYIO 
PPST III 
P iTL YI P 
ARCPRSl 

HAp0,2s
HACGs3 
HAP (PS4
HAPC,Qs5 
HARGRS6 
HARS7 
HAP(6R5M
HAPr(,PS9
HARq(iSI0 
HrAPqSll 
HAP(iRS12 

11 
1 
I 
I 
]nl
1? 

1? 
11 
1 
14,?II]
i. 
14 
14 

1. 
14 
1'd. 
11 

1 
I I 
1 I 
1I 
1'. 
14 
1?1 
1 
11 
1 3 
I? 
1? 
) I 
1 
I 
I, 
14 
1, 
2 

1? 

13 
12 
12 
11 
11 

I 

I
1 
1I0.9 
106.4 

. 
101 
I le.? 
120.5 
1 1d.i 
127.5 
122.11 
1.. , 

4 
5o.? 
51J.6 
5t.5 
5).(,
50.'1 
4v.r 

, 
51 .'9 
55.5 
5. H 
51.5 

186.5, 
161.9 
174.9 
155.2 
58.2 

1 '1 . 9 
163.9 
178.8 
17e.4 
186.H 
18u.6 
184.5 
110.3 
95.0 

101.1 
91.J 
9'.5 
86.5 
95.8 

102.5 
99.3 
10.9 
1ot.9 
11o.3 

10.8 
1J.2?.0 
11.m 
5.3 
Q.8 
9. 
5.3 
8.9 

12.3 
10.9 
15.9 
14.3 

5 
.2 
. 

2.4, 
2.0 
2.3 
2.8 
2.3 
2.3 
2.9 
3.0 
2.4 

18.3 
23.4 
18.6 
16.2 
18.8 
16.3 
10.1 
16.0 
21.0 
16.4 
28.3 
26.9 
11.3 
15.0 
11 . 7 
9.9 

14.4 
.6 

6..8 
6.9 

12.5 
12.0 
17.5 
16.4 

108.2 
9'.2 
99.3 
98.8 
B39 4 
8 . 7 
104.8 
105.1 
97.6 
110.5 
94.9 
69.8 
52.3 
52.3 
51.2 
51 .8 
51.2 
46.0 
44.4 
44.4 
48.6 
49.6 
52.3 
53.9 
155.9 
]21.6 
141.4 
135.2 
121.9 
126.1 
144.8 
153.9 
134.5 
158.3 
131.3 
117.3 
92.9 
70.3 
80.3 
80.2 
7; a 
7 .1 

88:.11. 
76.1 
90.8 
77.6 
70.6 

144.3 
130.9 
137.4 
] 1 .9 
12t.0 
116.1 
123.3 
130.8 
138.b 
141.3 
144.4 
144.0 
59.9 
62.1 
60.4 
59.3 
58.8 
55.5 
53.9 
.32.3 
55.5 
59.9 
63.8 
61.0 

215.0 
200.5 
201.5 
201.7 
188.8 
176.2 
183.5 
j96.5
d0v.9 
208.2 
220.0 
216 
129:. 
120.7 
119.1 
121.1 
i1.7 

104.1 
108.6 

118.6 
123.1 
131.2 
131.6 

3.3 
3.6 
3.3 
1.5 
3.0 
2.8 
1.7 
2.6 
3.5 
3.2 
4.8 
4.3 
0.7 
0.9 
0.8 
0.6 
0.5 
0.6 
0.7 
".6 
0.b 
0.8 
0.8 
0.7 
5.5 
6.8 
5.0 
4.3 
5.4 
4.7 
3.2 
4.4 
6.1 
5.3 
8.5 
8.1 
3.1 
4.3 
3.1 
2.6 
3.3 
2.8 

3.f 
3.5 
5.3 
5.0 
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SIMPtL STATISTICS FOR ETP CALCU..ATIONS FOQ CENTRAL SIERRA
 
NAWIF~ =PI ")AA 

vN 1AtJLV- MEAN 	 STANDAQ{) MIN!I4UM MAXIMUM STD ERROR
 
UEVIArION VAI JE. VALUE OF MEAN
 

Pl 	 fl*31 .?.r 14.0 30.0 8.0 
P? 3 31 .3 1i.6 1s.0 47.0 8.5

P3 S.3 34 25.0 9j.0 20.0
p4 	 ) 8.7 18.9 61.0 105.0 , 9~

P5 	 !37. 7 21.2 14.0 55.0 1 3 

33 2e.0 A.? 13.0 Z9.0 4.7
 
P7 4 16.3 709.0 35.0 3.5
PH: 	 .o 7.1P9 	 ,. 47: 4. 1..012
 
PlO 3 2t.7 	 12.0 g.7
16.8 1S.O 

PIP1?I 13 36.3 41.5 3.0 84.0 23.9
55.3 29.7 21.0 73,0 17.2
 

TI ? 14.5 0. 7 14.0 15.0 0.5
 
1? 3 14.7 f.b 14.0 15.0 0.3
 
Ti 3 14.1 .b 14.0 15.0 0.3
 
T4 3 14,.0 0.0 14.0 14.0 0.0
 
T1 3 13.1 0.6 13.0 14.0 0.3
 
I 3 13.0 0.0 13.0 1J.0 0.0
 
T7 4 13.0 0.b 12.0 14.0 0.4
 
TH I ,.P3 1.0 12.0 14.0 0.5
 
Tto 13.5 0.6 13.0 14.0 0.3

1 10 1 4.3 0.6 14.0 15.0 0.3 
T3I 11.0 1 4..0 6 0 .6
T12 1 14.7 0.b 14.0 Ib.0 0.3
El n .. 
E2 ... 
E3 	 . . . 

£6 	 P . . . ..
£7 	 r. . .. 

E90 	 . . . . 
EIO A . . * . 
Ell 0 . . . . 
El2 A . . . . 
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SIMPIA STATISTICS FO LTP CALCULATIONS Fok CENTRAL SIERRA 

NAMF=PINIIA%43A 

VAPlAHLE MEAN STANDARD HINItUM MAXIMUM STO ERROR 
DEVIATION VALUE VALUE OF MEAN 

PFNMANI 134.,' 0.3 134.0 134.5 0.2 
PfNMAN2 
PENMANI 
PENMAN4 

1 
12e.1 
13U.3 
1 

C.i 
".2 
1 

112.8 
128.b 
114.H 

132.1 
132.8 
1 t..9 

5.6 
1.3 
0.6 

PENMANS 3 1.2 .2 110.8 129.2 5.3 
PE NMA'Jb 3 106.5 8.1 101.1 117.1 4.6 
PENMAN? 11'..] 4.1 109.58 2. 
PENMAN9 3 12.3 57 1 35.4 3.3 
PFNHANI0 ? 135.3 15.0 124.7 146.0 10.6 
PENMAN1I 
PEN-AVI? 
Thli0Tl 

2 
3 
? 

M39.5 
13 .S 
56.6 

13.3 
3.6 
4,0 

121.1 
128.8 
55.8 

139.9 
138.9 
61.4 

9.4 
3.2 
2.8 

THORT?o 59.5 1.2 55.8 61.4 1.9 
THOPTj
rTHor4 
THOPT5 

3 
3 
1 

59.5 
55.7 
53.9 

3.1? 
0.0 
3.1 

55.8 
55.7 
50.3 

61.4 
5t.7 
55.7 

1.9 
0.0 
1.8 

THOWT6 3 5u.3 0.0 50.3 50.3 0.0 
THOWT7 
THor8 

,. 50.3 
49.0 

4.4 
5.1 

45.0 
45.0 

55.7 
55.7 

2.2 
2.6 

Tm0OT9 4 53.0 3.1 50.3 55.8 1.6 
THORT10 51.6 3.2 55.b 61.4 1.9 
TH0T11 3 61.4 5.7 55.8 67.1 3.3 
THOPT12 
psTt.YI 

1 
? 

59.5 
200.0 

3.2 
1.0 

55.8 
199.3 

61.4 
200.7 

1.9 
0.7 

PWSTI.Y2 3 178.0 13.0 164.9 191.0 7.5 
PRSTLY3 3 185.0 7.9 176.6 192.3 4.5 
PPSILY4 3 164.6 7.6 156.3 171.2 4.4 
PQSTLY5 3 176.0 18.2 159.3 195.5 10.5 
PdSTLY6 1 162.2 14.6 14.8 171.7 8.4 
PPSTLY? 4 167.2 9.5 153.6 174.1 4.8 
PPSTLY8 4 i81.3 6.9 172.9 189.4 3.4 
PPSTi-Y9 18 .7 4 1 184.1 192.1 2.4 
PPSTLY10 
PRSTLY I 

2 
p 

200.9 
194.6 

30. 
22.7 

179.2 
17B.5 

222.6 
210.6 

21.7 
16.1 

PPSTLY 12 
H-APCGRI 

3 
? 

200.7 
121.5 

10.0 
3.0 

194.2 
119.4 

212.2 
123.7 

5.8 
2.1 

-A4R(RS2 
HAQGRS 

3 
3 

101.8 
1.7 

9.4 
5.0 

97.9 
107.7 

116.6 
17.3 

5.4 
2.9 

H4RGRS4 1 98.6 4.6 93.6 102.5 2.6 
HAGRS5 3 107.5 12.5 94.2 119.2 7.2 
HAPURS6 3 91.3 8.7 89.2 106.6 5.0 
HAPORS7 . 99.8 6.3 91.8 107.1 3.1 
HAPGPS8 4 105.8 6.7 98.5 114.7 3.3 
HARGRS9 3 110.2 4.3 107.0 115.1 2.5 
HAPGRSI0 2 119.4 18.2 106.5 132.3 12.9 
HAPGRSII ? 11.1 16.1 106.7 129.5 11.4 
HAPGPS1? 3 1 3.1 7.5 116.8 131.3 4.3 
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SIMPLE STATISTICS FOR ETP CALCULATIONS FOR CENTHAL SIERRA
 

NAM'=P IS;AYAM30
 

VAIAHt F hitEAN 	 STANDARD MINIUM MAXIMUM STO ERROR 
DEVIATION VALUE VALUE OF MEAN 

PI in 50.2 22.9 17.0 90.0 7.2 
P? 10 1iO.6 38.2 40.0 172.0 12.1 
PJ 11 IOJ.S 37.7 50.0 172.0 11.
 
P4 II 121.6 43.6 72.0 201.0 3.2 
p1,0 i09.2 	 32.4 74.0 175.0 10.2
 
P, 	 ) 170.0 7?.2 100.0 320.0 25.1 
Pi 11) 147.1 65.9 63.0 9.0 20.8 
Pd 11 1,2.5 59.7 40.0 241.0 18.0 
P9 11 100.4 32.8 53.0 159.0 9.9
 
piO 11 89.3 38.9 45.0 155.0 11.7
 
PI 10 8Nu: 32.1 41.0 135.0 19.2
r,12, 	 69 24,2 32.0 116. 6
 
S10 	 1 0.6 6.0 10.2 

T? 1 1.3 0.5 7.0 8,0 0.1
 
Ti 1I 1.5 0.5 7.0 61.00

Id. 1 	 0 7.6 8.05 7.0 
T' 1 7.63 0.5 7.0 8.0
 
T0 	 .4 0.5 6.0 7.0 0.2 
T7 1n D.7 0.7 5.0 7.0 0.2

TF-1 I ).8 0.6 5.0 7.0 0.2 
19 Ii 6.4 0.8 5.0 8.0 0.2
 
TIO it 1.4 0.1 6.0 8.0 0.2 
TII 10 7.5 0.5 7.0 8.0 0.2
 
TI2 1n 7.4 0.7 6.0 8.0 0.2
 
el 6 80.3 25.9 45.0 108.0 10.6
 
E? 7 75.6 14.0 52.0 93.0 5.3
 
E23 7 .81.1 1i.5 65.0IO4.
 
E'. 5 80.0 . 72.0 80 2. f 
ES A 68.1 9.2 57.0 84.0 3.2 
E6 6 5'.3 13.3 40.0 74.0 5.4 
E17 57.8 2.6 54.0 60.0 1.3 
Eb 6 59.2 12.0 47.0 75.0 4.9 
EP 7 7e.1 10.3 56.0 85.0 3.9 
E.,0 9,.5 8.9 85.0 112.0 3.1 
Ell 89.2 7.1 81.0 100.09 
El2 , Y .3 11.8 86.0 110.0 
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SIMPLF STAIISTICS FOR ETP CALC'JLATIONS FOR CENTRAL SIERRA
 

NAMEPI SA YA 43O 
VNA AtlF N MEAN STANDARD MINI4UM MAXIMUM STD ERROR 

0INMANI 
PLNMAN2 
PENN1AN3 
P.N9.8
PEN'A N5 
PF.NMAN6 
,-'EN4AN7
riFNMAN8 
PFN'4AN9 
PEN"ANIO 
PENMANJ 

THORTI 

3 
3 

'. 

b 
5 
4,C 
4 
6 
'-,
3 

in 

101.1 
9J.9 

102.6 

5.I 
d,4.1 
9U.4
95.0 
101.2 
112.6 
109.7 
110.2 
4t?'. 

DEVIATION 

6.2 
7.1 
4.9 
3.8 
5.3 
7;7 
3.4
6.9 
6.8 
9.5 
3 1 
3:1 

VALUE 
93.9 
86.2 
96.8 
93.b
87.5 
7?.9 
8b.1
86.4 
92.0 
9B.3 
0 9 
O .1 

VALUE 
104.7 
100.1 
I0b.8 
104.0 
101.9 
Q4.5 
95.3
104.3 
108.4 
12..'4 
12.3 

OF MEAN 
3.6 
4.1 
2.5 
1.5 
2.2 
3.5 
1.7
3.1 
3.4 
3.9 
1.4 
0.9 

TH0PTI 
THORT3 
TROPT. 
THOQT5 

T.-or7 

TFHO.T9 
THIPTIO 

Tl 

P %TSTLYI 
PPSJLY2
PRS LY 
PSTLY, 
PSTLYb 
PuSI '6 

1H]T
11 
I I 
10 
10 
10 
ITHl 
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SIMPLE SIATISTICS FOR ETP CALCULATIONS FOR CENTRAL 
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SIMPLE STATISTICS FOR ETP CALCULATIONS FOR CENTRAL SIERRA
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SIMPLE TATISTICS FOP ETP CALCU.ATIONS FOR CENTRAL ',"ERRA
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SIMOLE STATISTICS FOR ETP CALCULATIONS FOR CENTRAL SIE,;RA
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SIMPLf: SIATISTICS FOR .TP CALCULATIONS FOR CENTRAL SIERRA 
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5AMPI.E MEAN STATISTICS FOR ETP, PRCPN, TEMP AND 

NAHE=COTOPAXI 
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PENEr . I 

SAMPt.E MEAN STATISTICS FOR ETP. PRCPN. TEMP AND PAN EVAP 
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PENL.TP I 

SAMPLE MEAN STATISTICS FOR ETP, PRCPN, TEMP AND PAN EVAP 
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SAMPLE MEAN STATISTICS FOR ETP, PRCPN, TEMP AND PAN EVAP
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SAMPLE MEAN STATISTICS FOR ETP, PRCPN, TEMP 
AND PAN EVAP
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SAMPLE MEAN STATISTICS FOR ETP, PRCPN, TEHP AND PAN EVAP
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PENEIP 

SAMPLE. MEAN STATISTICS FOR ETP, PRCPN, TEMP 
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APPEMIX 	 B/ 

YIELD MOLSTUE INDEX (YML) 
EXPRE.SSFI) A") PERC1MIIE IAK.ING 

V Notes: 

1) P is preclpitatlon In millimeters 

2) P1 = JAN, --- P12 = Dec. 

3) P1O We..i. from previous year, etc.laggei precipitation 

41) YMI = 	 Yield M i)sture Index; C = CORN, W = Wheat and 
Barley, P = Potatoes; L = Lowland, 11 = Highland. 

5) Subscript 1 = Planting crop stage, 2 = Vegetative, 3 = 
Flowering !ind 14= Ripening. 

6) Prefix "H" in RYMI -- Stands f'or percentile rank of 
assoc fated YM!. 
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-------------------------------- 

STATISTICAL 
 ANALYSIS SYSTEM
 

NAME=COTOPAXI -----------------------


Cv 
 Y 
0 0 L L L I
 

p p p p p p p
BD A P p p p p p 
 pp P 1 1 1 1 1SE R 1 2 3 5 6 78 1 U
4 9 0 1 2 0 1 2 1
 
1 P 1955 108 55 136 167 133 63 24 35 151 
131 157 105
2 P 1966 168 77 138 106 123 86 44 23 103 101 79 
 90 131 157 105 52:.
3 P 1967 100 180 106 
 :3 103 86 52 1; 29 167 83 27 101 79 90 40.4
4 P 1968 135 89 118 99 30 46 44 35 102 
133 53 67 167 83 27
107 160 86 118 0 2, 77 58 113 225 133 53 67 

66.8 
53.2
5 P 1969 73 113 


6 P 1970 116 151 110 202 201 70 39 41 
101 61 114 102 58 113 225 23.2
7 P 1971 112 200 298 1U8 75 68 31 25 122 
283 122 87 61 114 102 24.4
8 P 1972 126 
154 245 72 J48 42 21 75 32 33 181 96 283 122 87 113.2
9 P 1973 87 35 117 230 168 42 115 91 209 84 100 57 33 
181 96 13.2
10 p 1974 69 259 168 140 235 205 75 15 209 189 163 
159 84 100 57 33:6
11 P 1975 50 206 252 121 189 141 124 80 52 117 145 46 189 163 
159 75.6
12 P 1976 81 82 82 lu 148 40 24 ii 
 50 1 5 139 82 117 145 46 46.8
13 p 1977 136 73 170 81 82 70 29 47
14 P 1978 64 74 78 151 123 
113 123 53 86 105 139 82 42.0
59 68 3S 84 13 41 88 123 53 86 49 215 P 1979 
 96 112 145 141 172 85 49 55 145 1 107 91 13 41 88 5:2
 

YY Y Y Y Y Y RY RY RY RY YR RY YR RY 
M MI I M M M m H M M M MI I I I I1111I1II1I1 M M M 

p w w wU U U U U U wJ p p p p w w w wU U U U U U U U 
S 2 3 4 1 2 3 i 2 34 4 1 2 3 4 

21 338:8 581:4 850:0 52"4 338:8 531:4 807:0 66 93 59 55 66 93 59 53 
3 222.9 530.1 71'.I 40.4 222.9 530.1 676.1 39 39 46 26 39 39 46 26
4 235.2 4b5.8 631.6 66.8 235.2 465.8 608.6 79 46 
39 6 79 45 39 6
5 185.0 426;4 746.2 53.2 185.0 426.4 6B7.2 73 19 26 33 73 19 26 33
6 330.0 613.0 1051.2 23.2 330.0 613.0 1016.2 19 79 66 79 19 79 66 867 242.4 800.0 1023.6 24.4 242.4 800.0 9 q.6 26 59 86 73 26 59 86 
73
8 335.9 783.9 1009.7 113.2 335.9 783.9 988.7 . 86 79 66 93 86 79 66
9 240.5 415.9 847,3 13.2 240.5 415.9 826.3 
13 53 19 53 13 53 19 59
10 178.7 639.3 1097.8 33.6 178.7 639.3 995.3 33 13 73 86 33 13 73 79 

11 308.4 816.8 1183.7 75.6 308.4 816.8 1113.2 86 73 93 93 86 3 93 93
12 216.3 396.7 658.7 46.8 216.3 396.7 638.7 53 33 13 13 53 33 13 19
13 277.7 554.7 752.5 42.0 277.7 554.7 717.5 46 66 53 39 46 66 53 39
14 187.1 354:7 663.8 49.2 187.1 
354 7 534.3 59 26 6 19 59 26 6 13
15 164.1 450.1 799.4 5.2 164.1 450.1 756.9 6 6 33 46 6 6 33 46
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---------------------------------

S T A T I S C A L A L Y I S S Y T E MT T A N S S 

NAME=LATACUNSA
 

Y 

0 0 E P L L P PC IMBD 
C y 

A P Pp PP p p P 
p
1 11 

p
1 

p 
I 

L 
S E R 1 23 45 6 7 89 0 1 2 0 1 2 

1 P 1965 28 17 
24 69 35 2 5 3 27 45 108 36
2 P 1966 17 72 28 13 89 63 45
19 37 45 17 37 52 108 36 38:3
3 P 1967 31 R9 34 40 29 32 9 6 89 56
22 15 89 52 63 68.9
4 p 1968 3 62 B9 ?9 6 44 9 34 i2 # 
 55 36 88 55 15 41,7

5 P 1969 25 132 51 67
34 19 34 G 13 16 5R 48 55 36 45.2

6 P 1970 . a 
7P1970 78 0 6 2' 53 56 24 BA 0 *
 8 p 1971 21 49 94 38 24 46 14 0 11 98 62 
 5 63 50 24 33:b
9 P 1972 51 69 46 28 13 8 9 17 31 98 62
3 31 51 5 44.3
10 P 1973 19 51 44 15 733 89 17 15 58 32 26 30 51 31 36.911 p 1974 18 87 95 74 37 2 59 68
56 29 88 37 32 -6 30 35.4.
12 P 1975 7 133 58 
 32 43 44 83 53 27 89 68 58 68 88 37 31.5
13 P 1976 27 40 96 72 62 29 14 55 44
6 16 
 46 89 66 58 62.2
14 P 1977 64 31 23 46 31 39 5 43 53 59 5 73 55 44 46 83,4
1 1978 10 28 56 77 52 
 3 34 3 46 6 36 66 59 5 73 59.1
16 P 1979 28 23 52 133 42 9 0 36 59 11 52 42 6 
 36 66 68.6
 

R R R R R R R RY Y Y Y Y Y Y Y Y f Y Y Y YMI M M M M M M M MI I I I I 1 I1111I1II1I1m M m M M 
0 C C C w w C C ww w C C w W wBL L LL L ~L LL Ls4 1 4 1 c3 (+1ej4 

S144:2 188:6 224:6 38:8 144:? 
188:5 224:6 A~ A~ ' 21 A~ A 21198.7 246.7 269.9 68.9 198.7 246.7 269.9 85 64 49 49 85 64 49 49
4 210.5 245.3 250.1 41.7 210.5 245.3 250.1 42 7] 42 28 42 71 42 28
5 102.0 260.4 287.6 45.2 102.0 260.4- 287.6 57 7 64 57 57 7 64 57
 

7

8 195:4 241:0 260:2 33:6 195:4 241:0 260:2 14 51 A~ 3 14 0 3 3
9 168:5 202.1 212.5 44.3 168.5 202.1 212.5 49 49 2A 7 49492 7
10 127.5 234.3 269.5 36.9 127.5 
234.3 269,5 28 14 2 42 28 14 2~ 42
11 236.4 325.2 370.0 35.4 236,4 
3?5.2 370.0 21 92 Q2 92 21 92 92 92
12 234.1 
2f2.5 306.9 31.5 234.1 272.5 306.9 7 85 71 71 7 85 71 7113 217.4 303.8 353.4 62 2 217.4 
303.52 353.4 71 78 78 85 71 78 78 85
 

3137 222: 83.4 142:0 172 222.092 14 46 14
92 2 94
 
16 5340 313.6 347:2 68.6 154.0 313.5 347.2 78 35 85 78 78 35 85 78
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STATISTICAL ANALYSIS SYSTEM
 

..............------------------ NAME:PISAYA4BO---------------------------------


C0 0 YE p p p Lp Lp Lp 
BD 
SE 

A 
R 

p 
1 

p 
2 

p 
3 

p 
4 

p 
5 

p 
6 

p 
7 

p 
8 

p 
9 

1 
0 

P 
1 

i 
2 

P 
0 

P 
1 

P 
2 

1 P 1965 . . .. 
2 
3 

p
P 

1967 
1968 

. 

4 P 199 
5 P 1970 
6 P 1971 

79 
53 

45 
125 
86 

104 
132 
11l 

15 
d5 
99 

9a oj6
1,' 130 213 
76 14-8 

4 
103 
145 

-9 
86 

5 
87 
71 

96 
62 

94 6 
40 155 
65 87 

94 
96 

6 
40 

7
8 P 

197 90
973 42 

68
70 

102
63 

116
92 

94
91 

141
170 

150
97 

40
67 

76
116 

93
46 

135
53 

61
85 

71
93 

62
135 

65
61 

9 P 
10 P 
11 P 
12 P 
13 P 
14 P 

1974 70 
1975 54 
1976 72 
1977 17 
1978 58 
1979 56 

110 
124 
85 

172 
126 
100 

78 
50 
79 
155 
172 
91 

102 
72 

128 
151 
189 
201 

131 122 
103 170 
175 320 
93 222 

100 244 
13j 103 

154 58 
147 125 
293 241 
i48 159 
142 i33 
113 32 

156 
76 
q7 

159 
jn7
89 

143 
140 
S7 
58 
56 
56 

92 
52 
121 
55 
41 
S0 

116 
83 
64 
85 
32 
b9 

46 
143 
140 
67 
68 
56 

53 
92 
z2 
121 
55 
41 

85 
116 
R3 
64 
85 
32 

0 
8 
S 

Y 
M 
I 
W 
U 
1 

Y 
m 
I 
W 
U 
2 

y 
M 
I 
w 
u 
3 

Y 
m 
I 
4 
U 

Y 
M 
I 
p
U 
1 

Y 
M 
I 
p
U 
2 

Y 
M 
I 
p
U 
3 

Y 

I 
p
U 
4 

PR 
Y 

M 
I 
p
U 
1 

Y Y 
M 
I I 
p p
U U 
2 3 

R R R R R
Y Y Y Y Y 

HM MM- M 
I I I I I 
p w w w w 
U U U U U 
4 1 2 3 4 

• • 0 61 0 0 6 • .S 0 S.

3
4 

S 0 4 4* 

5 62:0 217:0 500:4 721:6 62:0 217:0 500:4 786:6 95 8i 8i 65 90 91 81 7?

6 34.8 153.2 372.4 553,6 34.8 153.2 372.4 627.6 54 27 45 18 54 27 45 18

7 28.4 176.9 367.3 58.7 28.4 176.9 3b7.3 652.2 45 54 
36 27 45 54 36 36
 
8 37.2 ibl.0 326.6 509.8 37.2 181.0 326.6 594.8 63 63 18 9 63 63 18 9
 
9 18.4 1604 364.0 591.2 18.4 160.4 354:.0 652.2 9 36 27 27 9 36 27 45
10 57.2 227.6 411.6 580.4 57.2 227.6 411.6 665.4 81 90 63 45 81 90 63 27 
11 56.0 197 7 377 5 671.1 56.0 197,7 377.5 831.1 72 72 54 72 72 72 54 63 
12 26.3 145:7 503.7 75 .3 26.8 '45.7 503.7 870.3 27 18 90 81 27 18 90 S1

13 27.2 1bO6 493.0 799.8 27.f 160.6 '93.0 921.8 36 45 72 90 36 45 72 90
 
14 22.4 110.1 319.3 647,7 22.4 110.1 319.3 697.7 18 9 9 54 18 9 9 54
 



STATISTICAL 
 ANALYSIS 
 SYSTEM
 

NAME=PIOA 
5A---


Y 

0 0C Ey A.0 Y p pL Lp Lp 1I
 
B D A p p p p
S p p p D 1E p 1 2 3 45 6 I 1 1 1 1I7 ; 0 1 2 0 ] . T
 
1 P 1965 15 
 ,9 15 7. 48 14 7 13 23 103 118 40
2 P 1966 6 37 
 79 21 17 4.5 21 8 17 35 4.5 40 118 40103 32:8
3 P 1967 23 43 43 
 26 7 46 13 e 16 -6 30
4 P 19bB 29 36 40 -; 

18 35 45 4u 45.4 
5 P 1969 26 

55 14 2 2 11 1 9 86 3i 1s 35.831 106 219 20 43 7 . 13 31 52 j5 11 i 9 27.1
6 p 1970 39 87 28 46 62 50
84 17
7 p 1971 49 27 76 67 
110 30 31 5? 35 5-.7
25 39 1 26 D3 54 61 36 
 50 110 30 60.2
8 P 1972 36 7o 81 69 
23 67 23 12 7 11 47 29 
 54 61 3b 5'.,.O
9 P 19/3 18 25 23 61 
39 7 1 24 2:3 22 13 16 11
10 P 1974 47 29 34.72 29 82 56 31 35 21 1- 57 
 77 29 24 22 13 Ic 2.8
P 1975 19 99 55 17 74 .,
58 82 2Z :-.7 
 76 4t 22 77 ?4 2., 320P 1975 16 40 41 39 73 29
13 P 19/7 21 32 51 41 11 

11 244 23 55 22 76 48 ?2 >5.226 3 50 5 22 18 32 2314 P 1978 14 47 25 105 44 29 2 5 - 7 12 
65 22 32.2 

15 P 1979 27 20 48 6 
3 21 22 18 32 33.655 58 12 18 -6 4+.9 38 30 12 3 21 35.3
 

P P R QP R P Rp
Y Y Y Y m Y Y Y Y Y Y f y y Y yI 4 I M I 4 M 4 H IIi I H I MI H 

0 W 


H M I HI 
B W W cCC C C wC C C w w 

1 

214.b

3 141.U 

189.8 203.4 32:8 164:6 189:!3 203:4 39 59 46 335 39172.2 177.8 46.-+ 141.0 b933
172.2 177.8 73 53 ?6 13 
73 53 26 13
4 119.b 130.6 133.8 35.8 
119.8 130.5 133.8 59
5 33 6 59 6 6I5.3 328.1 344.1 27.1 5 33185.3 328.1 344.1 
13 79 93 93 13 79 93 93
6 17b.3 231.5 298.7 55.7 
176 3 231.5 298.7
7 178.4 258.8 278.8 60.2 
86 66 59 79 86 66 -9 79
178:4 25 .8 278.8 93 73 73
3 221.2 304.0 322.4 54.0 221.2 

66 93 73 73 66
304.0 322.4 79 93 R6 86 79
9 87.3 160.5 191.7 93 B6 8634.7 87.3 160,3 191.7 53 6 13 ?6 53 6 13 2610 140.2 207.4 232.2 
12.8 140.2 207.4 232.2
11 197.u 266.6 280.2 32.0 
6 46 53 53 6 46 z,3 53
197.o 266.5 28n.2 26
12 117.4 86 79 73 26 66 79 73
164.2 222.6 28.2 117.4 164.2 222.6 
19 26 19 39 19 26 19 39
13 125.4 174.6 183.4 32.2 125.4 i',.5 183.4 3314 110.6 236.6 271.8 39 33 19 33 39 33 1933.6 110.6 2 .5 271.8 46 13 66 59 46 13 56 59
15 113.9 179.9 226.3 
36.3 113.9 226.3 66 19 39 46 66 19 39 46
 



APPI ND I X C
 

P'A! .f*,R DRIC' I' INDIEX ( PDT)
 



--- - - - - ------------------------------ ----- -----

-------- ---------- ---------- 

o PALMER DROUGHT INDEx / INDICE DE SEQUIA DE PALMEQ 

NAME=COTOPAxI
 

:-5. ------ ---- -- -----------------------------------------------------

I 4.0 
N ­ * EXTREMADAM. HUMEO0D .3. **HUY 

.2.0 • H HUMEDO
 
E - X 
 H H MODERADA4. -IUMEDO
o l - N x -D - NX 
 X LIGERAM. HUMEDO
 
E 0.0.. NN 
 N N N E
 

-N 
 * N NNNNN NNN *N NNNNN •NORMAL 
A A-N-1.0 X XX NNXXP -X XX X)XXX)X X XxxXXX X XX XIA X XX NN NN NNNd NN* SOIALGASEUIA LNINERA
 
M -20- 5 SSSS 
 S S SS SS S - SEQUIA MODERADA
 
E -3.0 • SSSSSS

R - S SEOUIA SEVERA
 

-4.0 * 

- * SEOUIA EXTREMA 

1959 1960 1961 1R62 1962 1964
-959-9---9--62--------163-------- 1965 1966 1967 
194-------- 195-------- 96-------- 7 

FECHA
 

- HH HHHH­1 -5.0
I .4.0 * HNH Hlt-

NH 
 H EXTREMADAM. HUMEDO
 

i-3 H H
H H H HHH * MUY HUHEDOE .. 0. 
 MODERADAM. HUMEG
 

N
1.0 
 XXXX X X A X * LIERAM. HUMEO0 
0 N• N N N
 

-1N N N N N N * *NORMAL
 
P XX N N N
A 1 X XX X X X X SEQUIA LIGERA
 

L -2.0. S S S
 
M- S S S sssS SSSS 
 SEOUIA MODERADA
E -3.0 . SS 
R - s SEOUTA SEVERA
-4.0 * 

'-5.0 * 
SEOUIA EATREMA
 

-~~---------
 1-9----------------1967 1968 1969 ------------ -----------------------------------------­1970 1971 1972 1973 1974 1975
 
FECHA
 

Palmer Drought Index ( PLI1 ) for Cotopaxi
 



------ ----------------------

* PAL4ER OROUGHT INDEX / INDICE DE SEOUIA DE PALMER * 

NAME=COTOPAXI 

>S.0 HHHH HHHH
 

I *4.0 * . EXTREMADAM. HU'ED0
N -

D -3.0 . . WUY HUMEDO 
T-
C .2.0 * * MOOERADAM. MU4EOO 

E-1.0 . °LIGERAM. HUMEOD 

E 0.0 *- N. 
 - NORMAL
 
NN N
 

P -1.0 * X X xx X XX * SEOUI1. LIGERA
A - XX Xx XX X XX XX -
L -2.0 * s S ss S S # SEQUIA MODERADAM - SSS SS S S -
E -3.0 
 S SEOUIA SEVERA
 
R ­ 5­

-4.0 
 - S
SEOUIA EXTREMA
 

(-5.0-

S---------------­

1975 1976 1977 1978 1979
 
FECVIA 

Palmer Drought Index ( PDI ) for Cotopaxi
 



-------------------------------------------

* 	PAL4ER UROUGHT INDEX / INDITE DE SEQUJA DE PALMER
 
NAME=COTO0AXI
 

PERIODOS CON SEQUIA
 

• SEQUIA EXTREMA
 

SIN PEPIODOS MAYORES DE ' MESES I 

* SEOUIA SEVEQA
 

I SEP 1960 HASTA FEB 1961 6 mESES I
 

* SEQUIA 40DEPADA
 

I I JUN 1960 HASTA MAR 1961 10 MESES I

I 2 MAY 1968 HASTA OCT 1969 18 MESES I
I 3 ENE 1978 HASTA JUL 1978 7 MESES I
I I 

* PAL4-EP DROUGHT INDEX / INDICE DE 
SEOUIA DE PALMER
 
NAME=COTOPAXI
 

DERIODOS HUMEDOS
 

*----------------------------------------------------------

I EXTREMADAM. HUMEDO
 
I I MAY 1974 HASTA NOV 1975 19 MESES 
 I
II 
- 1UY HUMEO0 

I IQCT 1971 )ASTA MAR 1972 6 MESESI 2 EB 1974 RASTA NOV 1975 22 MESES
 

H
MODEPADAM. HUMEDO
 

I1 ABR 1970 HASTA SEP 1970 6 MESES I 
I 2 OCT 1971 HASTA MAR 1972 6 MESES II 3 AGO 1973 HASTA DIC 1973 5 MESES I
I 4 
 FEB 1974 HASTA NOV 1975 22 MESES I
 

Palmer Drought Index ( PD1 ) for Cotopaxi 



-- - - - - - - - - - - - - - - - -

---------------------------------------------- -------

* 	P4L'ER DROUGHT INDEx / INDICE DE SEQUIA DE PALMER
 
NAME=LATACUNGA
 

------------------------------------------------ ----------- ----------- *----------------------4
 

I *4.0 
N - * EXTREMADAM. UMED0O 

* MUY HUMEDO 
-2.0 


E - X XXX 	 X - MODERADAM. PIUMEDO
-D 0 X A 	 X XX LGRMUED
 

o-N N N 	 N NN NN
 
A X 	 LIGERAM. HUMEDO
C .0 -N:4 NNNN NN NN NN NN* N 	 N N
* NN N * NNNNNNN * N N NN NNN: NORMAL
 

P -1.04 N NNNNN N NN N N 	 NN N NNN NN % #
 
A X X S5QUIA LIGERA 
L -2.0 * X X X X X X AA-
M - s sss * SEQUIA MODERADA 
E -3.0 
R -. . SEOUIA SEVERA-4.0•
 

<-5.0 (-	 * SEQUIA EXTREMA 
.--- ---..----- _-- * -- -.-- -__ --_ --
 -
 -


5 1962 1963 1Q64 1965 1966 1967 1968 1971
FECHA
 

------ --------- *-----------4----------- *------ ------------- 4-----------4-

I '4.0 4 HHIHM 
N .- H * EXTREMADAM. HUMEO 

.3.0 H H HH H H 	 U HUMEO0
 
C .2.0 * H HH HHH * MODERAOAM. DIUMEOO 

E - XX X X XX ­
1.0 * XX X X 	 A * LIGERAM. HUMEDO 

D - N NNN NN N N N N N N 4 

E 0.0. N N * N N * . NN * *NN * NORMAL 
1NN N N N X NNN N N N N N N4

P -. 0. x AXXX 	 X X X X * SEQUIA LIGERAA X XX A 
L -2.0 S S -
M S SSSSSs 	 * SEQUIA MODERADA

E -3.0 
R - SEOUIA SEVERA 

-4.0
 
- SEOUIA EXTREMA
 

<-5.0
 

1971 1972 1973 1974 1975 1976 1977 1978 1979
 
FECHA
 

Palmer Drought Index ( PDI ) for Latacunga
 



-- - - - - - - -- - - - - - - -- - - - - -

* PALMER DROUGHT INDEX / INOICE DE SEQUIA DE PALMER
 

NAME=LATACUNGA
 

PERIODOS CON SECUJA
 

*---------------------------------------------------------­

• SEOUIA EXTREMA 

I SIN PERIODOS HAYOPES DE 4 MESES I 

* SEQUIA SEVEPA
I I
 
I SIN PERIODOS HAfORES DE 4 MESES I
 

* SEOUIA ODEPADA
 

1 SEP 1972 -iASTA MAR 1973 7 MESES I
 
-


* PAL4ER DROUGHT INDEx / INDICE UE SEQUIA DE PALMER * 

NAME=LATACLWA 

PERIODOS HUMEDOS
 

* EXTREMADAM. HUMEDO
 

I 1 JUL 1975 HASTA ENE 1976 7 WESES I
 

* 4UY HUMEDO
 

I 1 JUL 1975 HASTA MAY 1976 11 MESES I
 

* MODERADAM. HUMEDO
 

I 1 FEB 1975 HASTA MAY 1976 16 MESES I
 
I I
 

Palmer Drought index ( PDI ) for Latacunga
 



* 	PALMER DROUGHT INDEx / INDICE DE SEOUIA DE PALMER
 
NAME=RUMIPAMBA
 

'-5.0*
 

I *4.0 * 	 . EXTREMADAM. 4UMEDO 
N-

D .3.0 * 	 . MUY HUMEDO 

E2.0 NNH xMODERADAM. HUMEDO
E -X 	 XXX -

X XX A LIGERAM. HUMEDO
 

LN NN N
 
E 0.0 *-N * * NORMAL
 

- N 	 NN
 
P -1.0 XXX 	 x * SEQUIA LIGERA 
A -X
 

L -2.0 * 	 S- SEOUIA MODEPADA 

E -3.0 -	 SEOUIA SEVERA
 
R­

-. 0 SEOUIA EXTREMA
 
(-3.0-*
 

1977 1978 1979
 
------ 98--------- 9* 

FECHA
 

Palmer Drought Index ( PDI ) for Rumipamba 
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