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'FORWARD .

This report by Dr. Walter A. Sanchez, Agricuvltural Metcorologlst and
Assoclate Professor, Department of Physics and Meteorology, Natlonal
Agrarian University, La Molina, Lima, Peru, 1s the result of an intensive
six week Orientation Program on Agroclimatic Models and Climatic Impact
Assessment Technology. The program was conducted in Columbia, Mlssourl by
the Models Branch of the Center for Environmental Assessment Services
(CEAS). As an organization within the U.S. National Oceanic and Atmospheric
Administration/ Environmental Satellite-Data and Information Service,

CEAS 1s responsible for using current and historical envircnmental data to
provide timely decision assistance to managers of critical national resour-
ces by assessing the impacts of climatic varlations on food, transportation,
health, energy and the economy.

The agroclimatic assessment models developed by Dr. Sanchez for the
agriculturally important Mantaro Valley, Junin Department of Peru can be
used as the sclentific foundation for planning, organizing and implementing
a reglonal climatic impact assessment program. The data and technical
resources for such a program already exist in Peru. However, support 1s
needed to establish the regional project so the economic benefits and value
can be demonstrated to decision makers. A successful reglonal project can
lead to a national program in Peru.

This project was sponsored by the Agency for Intermatlonal Development,
Office of U.S. Foreign Disaster Assistance, (AID/OFDA), Washington, D.C.
It was conducted by CEAS under a NOAA/AID project agreement. The basic
goal is to transfer agrocllmatic modeling and assessment technology to
developing countries and to encourage the development of an in-country
program. This technology can improve food security by increasing disaster
preparedness and early warning, contributing to land use planning for agri-
cultural and rural. development, and mitigating socioeconomic vulnerabllity
to climatic extremes including drought, flooding and frost. The current
project focused on Peru and Ecuador. NOAA/AID Projects are also underway
for technology transfer to other countries in Latin America and in Southern
Asia. , .

CEAS recelved assistance through NOAA subcontracts tc the Atmospheric
Science Department, University of Missourl - Columbia and the Aspen
Institute/Food and Climate Forum, Boulder, Colorado. Thelr contributions
are appreclated.

It was a pleasure for us to work with Dr. Sanchez during his visit to"_
CEAS. His professional dedication and long hours of hard work were respon-~
sible for the results in this project. S :

Louls T. Steyaert
Project Leader
NOAA/NESDIS/CEAS
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EXECUTIVE SUMMARY -

. AGROMETFOROLOGICAL ASSESSMENT MODELS FOR

ECONOMIC PLANNING AND RURAL DEVELOPMENT

| IN THE MANTARO VALLEY OF PERU. =
Walter A. Sanchez _

Agricultural?.y oriented economies are especially vulnerable to clinatic
extremes, particﬁlarly in Peru where 40 percent of the labor force 1is mvolved
in agriculture. An example is the disastrous 1977-80 drought, the magnitude of
which can be seen in the drought index for Cajamarca, Peru presented in Figure 1.
Food production'in Peru was reduced to the lowest levels in the 1i970's. | ‘
Potato, beef, subsistence food production and sugar for export were particularly
affected. This in tum 1ner'eased rice and wheat imports, influencing the
balance of payments ‘and forelgn exchange. Frost can also result in significant
economic loss; an estimated 2.5 million Soles ($7,812 U.S. 1980 currency rates)
were lost in the potato, corn and 1ima bean crops fmm the frost of December 20
1980 in the Mantaro Valley. Some of the r'linatic events and their economic
impact }1r1 the Mantaro Valley are shown in the attached table. In addition, ‘ the_
"normal" or mean c11matic condition’sy determine potential land use and ther-ef'o»r"e
the agpicﬁltural practices which are necessary to minimize climatic risk. -

This report documents agr'oclixratic models and climatic impact aSsessnxént -}
methods which can be used by managers ‘to mitigate potential climatic impact -
and r'educe clinatic Vtﬂ.ner'ability. Historic climatic data, pr'imarily -
monthly r'ainfall, were used to develop thr'ee types of agroclimatic models for
the Mantaro Valley, Junin Department, Peru. These include: 1) statistical
climate/crop yield models (attached table) and agroclimatic/crop condition indi-

ces to provide crop yield and production forecasts 2) preliminary models‘fer-,
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§rov1d1ng early warning crop/frost advisories to farmers so that pdéstble
actions can be taken to mitigate disastrous frost damage to crops, and 3) crop
water requirement and water balance models plus methods to estimate potential
evapotpanspiration all of which are necessary tools for land usz studies in the
Valley and other areas in the Sierra. |

The potential short and long-term economic benefits of climatic impact
assessments to decision makers are 1llustrated. Real-time weather information
is uéed to run the models which convert climatic information into economic
terms; e.g., relative crop production loss due to drought. Early warning of
drought impact on agricultural production can be providedvby at least 30 days
prior to the beginning cf the crop harvest. This information can‘contribute to
agricultural production forecasts and provide‘a iead'time of one to three months
betore the actual economic impact of drought occurs. This lead—time permits the
adjustment of marketing and'pricing pollcy, importing and exporting plans, or
other economic programs. Disaster preparedness plans can be established to
mitigate climatic impact on socioeconomic conditions in rural areas. Another
important application of real-time weather data for short-term economic benefit
1s In the crop weather advisory for farmers. In addition to early warning of
potential frost, farmers.can also be advised on recommended planting date, sche-
duling of irrigation and application of pesticides. The advisory could also
involve extenslon services. Agroclimatic mddeis can contribute to land use stu-
dies by helping determine the reglonally appropriate crop; its optimum planting
date, and the potential economic returns. This type of model helps to reduce

climatic vulnerability and lowers the risk of crop failure.
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Agroclimatic models can be used to support the planning, development and |
implenentation of a National Agrometeorological Assessment Project for Peru. :
The data and t:echpical resources to lmplement a proJject already exist. Minimal :
support 1s needed for a reglonal project which can demonstrate the economic .: £
benefit and value to decision maker's‘ and users. This can lead to a nat:ionai‘
program which is based on historic ciimatic data, an under-utilized national
resource. It 15 suggested that agroclimatic models and assessments are essen-—
tial in formulating long term economic plans for agricultural and rural develop-
ment, with the ultlmate goal of national food self-sufficiency.

N
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Weather :
ent

| TABLE

Episodal event data for the Mantaro Valley, Peru

Sounce

DaﬁeJi o

Place

Affected
Crops

‘Diario "La Voz de Huancayo"

Estimated Loss®
(Peruvian Soles)

Hail -

Hail

Dnought'i*

Hail
Hail

Frost

Frost

Drought
and Frost

Flood

Flood

* US$ = 320 soles (JUly, 1980) 500 soles (Dec., 1981) appnoximately;f‘

1/19/79
oo
v

- 12/26/80

© 11/18/80

11{18/80

"finagao/eo

12/27/80

12/24/80

2/3/81

1.i }?/i°/31 

Méntaro

Valley

Concepcion
Ocopa.

Mantaro
Valley

Chupaca
Mantaro
Valley
Mantaro
Valley
Sicaya
Pilcomayo

San Jose
de Quero

' Chupaca

Hhayucachi

Potato
Corm

Lima'Beans

Barley
Lima Beans
"heat
Quinua

" Potato

Corn
Corm

Lima Beans ¢

Corn

Lima Beans .

Potato
Corn

Lima Beansk

Potato
Com

Barley

Lima Beans}

Pastures

Potato
Barley

Potato
Corn

Lima Beans'";

2500,000.00



http:2,500,000.00

Weather

Brent

Flood |

FlObdﬁ&

Flood -

‘Fioodﬂf

Drought

Date.

warm

3/10/81

.+3/10/81

3/13/81

2/3/80

~Place Affected
Crops
Sincos Potato .
Mito Corm ,
Muqui Lima Beans
Muquiyauyo Peas
3 de Diciembre
Huamancaca
Chico
Jauja Potato -
Corn .
Lima Bean
Matahuasi Potato
Yanamuclo Corn
Maravilca Peas
Wheat
Barley
Ataura Corn
Huayucachi Wheat
Chupaca Barley
Pilcomayo Potato
Ingenio " Lima Beans
Sals Cahuide Potato
' (cows and

sheep)

Estimated Loss*
(Peruvian Soles)

3,000,000.00

15,000,000



‘Preliminary Statistical Climate/Crop Yield Forecast Models for the Mantaro Valley,

PERU

Weather Variables

Per'u.1

Brop Grop B Trend | Bl |B2 [B3 |R% | Standard | Harvest| Crop
L v Variable Error of | Month Forecast
o Estimate Month
Barley XYLD1 1.3200 P-4 | T2 80.0 | .0363 Jun May 1
.00094 -.0403
Barley XYILD1 .7579 P2-I | T2 Th 93.2 1 .0237 Jun May 1
.00139 -.0944 .0976
Wheat XYLD3 .9051 [ .0278 LPll—ﬁ 79.6 | .0533 Jun Feb 1
.0007
Wheat XYLD3 .9067 0357 LP125}J 76.8 | .0568 Jun Feb 1
.000
Field Corn XYLD4 1.0488 1 .0136 | P1 67.8 | .0350 May Feb 1
.00071
Sweet Corn XYLD5 6.547 P2—ls6 66.1 | .1418 Mar May 1
.003
Dry Field Peas XYID6 - | 1.6474 1 .0212 | LT10 68.0 | .0507 Apr Nov 1
-.0511
Dry Field Peas XYLLS .9793 LP118 545 | .0506 Apr Dec 1
. .001
Green Peas XYLD7 -9.9718 .1578 | LT11 73.6 | .5619 Mar Dec 1
- : 1.1127
Dry Lima Beans XYLD3 2.8108 | .06L6 Lmlé 86.0 | .0850 Apr Dec 1
-.1585
Dry Lima Beans XYLD3 .T174 LP11 81.9 | .0894 Apr Dec 1
.0055
Green Lima Beans XYLD9 6.9760 | .0780 P2—37 93.4 ] .1572 Mar | Apr 1
. E N R v oo ole N
Green Lima Beans XYLD9 8.6425 | .1662 LH%% 76.2 | .2987 Mar Dec 1
-03 3
Traditional Potatoes | XLYD10 1.6873| .4942 P2-u6 99.5 | .1000 May May 1
.005
HYV Potatoes XYIDI11 §.8609 P1-3 76.4| .3555 Ap; Apr 1
.0101

Notel: Bo 1s constant; Trend is

explained variance;

"Trend coeff";

Bl, B2, B3 are weather variable coefficents, R2 i1s
standard error of estimate 1is in mt/ha. S . S
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" “CHAPTER I -
INTRODUCTION

Although agriculture in Peru contributes 1ess than 13 pet'cent"' to\the Gr'oss

Domestic Pr'oduct (US $10 7 b:L‘Llion in 1978), it s the pr'inm'y ‘._ .

employment and way of life for' about 4o percent of the labor' for'ce and their'
families (Nyr'op, 1980) Since the ear'ly 1960's per capita production of food
has declined and there is the cur'r'ent need to improve the food situation in
Peru. Incr'easing the level of agricultur'al production and reducing losses due
to anomalous climate, particular'ly drought and frost, can have both economic and
social benefit. ’I'he economic' pr'ogress can be maintained and the socio-economic
conditions of the rural population can be impr'oved.

The climate, solls, improved technology, economic policies and existing agri-
cultural practices are some of the factors which must be considerzd in plans for
improving agricultural production. Climate determines agricultural production
in two ways. First, there are the natural climatic differences between the
three major geographic regions in Peru: 1) the arid Costa where ir'r'igation 1s
required, 2) the Sierra where a short growing season, drought and Vfr'os‘t are
limiting factors, and 3) the Selva where there is great potential for expansion
of agriculture into a favorable climatic regime, but the need to implement
management practices which preserve soil quality and fertility. Second
climatic variability including sever'e dr'ought and extr'eme frost conditions
causes agr'icultural pr'oduction losses, sometimes thr'oughout Peru such as was the

case during the late 1970's. _

"Peru experienced som: of the mrst drought conditions on r'ecor'dfd r'ing’the
. period 1978—1980.‘ Agricultural exoor'ts such as sugar cane wer'e r'educed.’ Food
nmduction was r'educed to the lowest level in the 1970's. Cr'op yields and the



at'ea_.' planted to some grdps, e.g., potatoes, decreased as did production from .
ma,jor"subsi-stence cropé. ‘Mese factors led to increased agricul.tural impor'ﬁs,' a
negative contribution to the balance of payments, and reduced foreign exchange.
For example, in 1979, rice was imported for the first time since 1976. Although
wheat is usually an 1mpor't crop, drought resulted tn a 14 percent increase of
imported wheat. As a"."f.'ir%tavl exanple, beef production fell Ad'u‘é” tc dbough’c impact
on pastures. - | . _ | |

Frost 1s a major natural climatic hazard which reduces agricultural
production. For exé_xible, a major frost oécurf'ed dur'ing the middle of the cpbp
growing season in the Mantaro Valley, JminDepar'tment on becember 20 ,'"_-'1980._
Severe production losses resulted in the pbtato,'com and 1ima bean crops. ‘The
estiimat‘:ed economic loss was 2,500,000 Soles or US$7,812 (1980 éur'-r'éncy_lf"éte’s).
Local food supplies were reduced, farm income was lost and less‘ foodwas
-avallable for marketing in Lima, :

Tne purpose of this research was. to devélop agroclimatic models from
Peruvian data and to demonstrate areas 6t‘ potential application for economic :
benefit; agricul.tural. planning, rural. development and increased food secur'iﬁy in
Peru. The Mantaro Valley, Junin Department and one of the most lmportant
suppliers of agricultural products to Lima, Peru was selected for this study.
For example, 63 percent of Junin's potato production and 11 percent of national
potato production comes from the Mantaro Valley.

Three major types of agr'oélinatic models and the application wer'e’
inveStigated. First, agroclinhtic techniques for estimaling water stress in
crops, crop climatic r'eqqir'ements and soil molsture estimates were verified v

and/or adjusted for use in the Mantaro Valley. These agroclimatic techniquesv



are fundamental to the development of more sophisticatedagr'oclimatic models,
Second, statistlcal climate/crop yleld forecast model.s were developed for wheat,
barley, peas, lima beans, corn and potatoes. Third, the climatology and local
weather conditions associated with frost occurrence during the growing season
were examined to develop early wam.ng fr’ost advisories for farmers.

A major endeavor' in this project was to detemine the application of these
models for maximum benefit to decision makers in goverument and on the farm.
This requires a?pmcess to operate the models, interpret the output of the
models and commnicate the results to the users. This process 1s called ‘the

CLIMATIC IMPACT ASSESSMENT.

Let us 1llustrate by example the diffe'r'ence between a "climatic evaluation"
and a "climatic lmpact assessment". A climatic evaluation' could be the
statement, "The rainfall was only 25 mm during February and was only 50 percent
of normal for that month." By using this rainfall data in a rellable agroclima-
tic model which predicts, for example, corn yield the following climatic impact
'assessment would be connhmicated in early March to decision maker's (Ministr'y of
‘Agr-iculture, Marketing, Extension and the farmer), "The corn crop to be har-
vested during April 1s forecasted at 1.2 metric tons per hectare, or 20 percent
below the nor'mally expected yleld. This could represent a production of only
10,000 metric tons. This large yield reduction resulted from extremely dr'y con-
ditions and low soil moisture during February. Rainfall was only 50 per'cent
of nomal '[’ne cmp experienced m-istur'e str'ess dur'ing the cr'itical grain
fillingstage"“»f o . £

It is evident fr'om this illustr'ation that an assessment is a statement of
‘ the mag'litude and effect that climate had (or' is expected to’ have) on some par'—

_'ticular' avea of economic activity.m cconomic loss_ or value can‘he,determined.



‘I‘his type of.‘ infomation can benefit the decision pr'ocess 1n the following ;
possible ways

- In the shor't.-term, such-‘ear'ly waming mfomnation on potential cr'op

,failure due to drought.or' frost can be used to mitigate climate
Exﬁo't-t/mr?t plans cahi be adjusted. Plans for distribution,
ji:‘t}aﬁspor"tatibn, and storage of agricultural crops can be modified.
In ‘the case of frost, the farmer can possibly undertake prescribed
frost_control measures. Other applications could potertially
1nc1ude advisories on planting dates, irrigation scheduling or fer-
tﬂizer' application.
*"_fIn the long~term, economic benefit can result from rrodels which
contribute to land use applications. ‘
"I’his report describes the development of the mdels,'théir' capab‘il_'[ityies and
J.imitations and potential use in Peru.



CHAPTER II
AGRO!VIE!I'E‘DROLOGICAL BACKGROUND
A. Clinate And Agricultur'e In Peru

1] fr'u‘ contr'ibutes about 13 percent ot‘ the Gross Domesti}

uct (GDP) and provides employment for appr'oximately 142 per'cent of the national !
labor t‘or'ce (Nyrop, 1981) But due to the unique geogr'aphy of the countr'y, only-;
28 percent of the total surface area (Figures 2 1 and 2.2) 1is used for cr'ops. |
Each geographic region presents serious limitations to agricultural crop pro‘duc-
tion under either rainfed or ir'riga'ced conditions. | | V

Because of permanent drought in the coastal region, crops mus'c be gr'own | B
near irrigation sources, for example aleng r'iver's (Figure 2.3). The main'cities
are also located along rivers; thus, some of the best cropland is being used for
houses and industries associated with recent urban growth. Expanded irrigation
networks are required to increase cropland. |

Seasonal rainfall patterns are more favorable in the Sierra (Fig. 2.lla),‘ but
temperature as well as the dur'a,tion of the frost-free period are also limiting
factors (Fig. 2.4b and 2.5a-b). The success of the crop growing season depends
upon the beginning of the ralny season and upon the occurrence of sporadic
drought and frost conditions. In some areas, irfigation permits planting of
some crops earlier than normal conditions. Farmers benefit from better pr'ices
assoclated with an earlier harvest. This type of agriculture is r'estr'icted to
areas close to rivers, thus cr'opland extension 1s limited.

In contr'a.st to the Sierra, temperature and precipitation are not as limiting
in the Selva (or Amazon f'egions), especlally at high elevations. The quality
of soll ahd 1ts depth appear to be the factors which make this region less than
1deal for the agriculture. |
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This problem "1s'c<$mpouhded. in reglons where the soil erosion is ‘ekcessi\}e as a
consequence A'of the uﬁcontrolled 'defor'eStation associe.ted with expansion 1nfonew
croplands. The lower elevatiens of the Selva represent a large potential 1‘er'
f‘or'estr'y and some tropical trops, 1if appropriate agr-icultur'al practices can be
applied :

Thus, Peru has quite different macro-, meso-~, and microclimatic condittons.
Figure 2.6 pr'ovides a rather simplified natural Qegetation distribution whtch
shows the response of plants to the existing and limiting conditions as well as
the potential regions where crops or new varieties may be introduced.

1. Land Use | »

Only 28 percent of the total land area (128,521,560 hectares), is used for'
crops and pastures. The mean reglonal distribution of land according to agri-
cultural area, agricultural production and total land area expressed as a per-
cent of National Totals (1§76—79) are shown in Table 2.1. Agricultural area and
production are not proportional to the size of each region because of natural
limiting factors in each reglon and the level of ~the"‘agr'icultur'al technology:
being used. If euf‘ficient water can be supplied throﬁgh irrigation, the coastal
oaces are favorable for Important commerical crops such as cotton, sugar cane,
rice, corn and frults. It is very important to preserve soil quality through
proper soll management in order to prevent high salinity.

More than 50 percent of the national cr'opland 1s located above the 2000 m
level in the Slerra. 'Ibtal production is not pr'opor'tionate to the total _
ct'opland because yields are low duz to soil quality, low tecmology leveland .
tre iimting action of the temperature and rainfall regimes. 2

1n
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Although the Selva is the 1ar'gest r'egion, the area devoted to agricultur'e
and the contr'ibutio'l to the national produ:tion are small r'elative to other |
r'egicns. In addition to the natur'al limitations in the r'egion, agr'icultur'al
activity 1is strongly dependent on the tr'anspor'tation system to the main cities
in the Sierra and Costa, especially to Lima. L

2. .Rainfed Agricultur'e

More than 54 percent of the national cropland is rainfed (Figure 2.2). If -
we consider the source of water for’ the agriculture in the Costa, we may‘ : i
conclude that 69 percent of the crop growing area (Sierra and Costa) is béinfed :
and therefore very much dependent on the climatic and weather conditions pr'e- |
vaillng on the highlands of Peru. Similarly, one may point out that not only 22
percent but 70 percent of the national production is attributed to the rainfed
agriculture. Thus, for example, we may note that the recent drought of 1978-80
which occur'r'ed on the Sier'.r'a and higher Selva af‘fectedl not only the agriculture
In these regions but also on the northern areas of the Costa. So we see that
the agricultural activity in Peru may be vulnerable to weather and clim‘atic».anom-
alies whic}h occur lecally or in remote regions of the whole country. ’

The main types of crops grown in Peru are shown in Table 2.3. Annual crops
contr'ibute more thah 75 percent of the national production. It is recognized
that impéoved access to the Selva coupled with an appropriate land use will
sig;ificantly Increase the contribution of forests to the national production.
AfI'_he:::aEea devoted to pastures and agricultural pz'oduction could be increased if
| the farmers, especlally in the Sierra, receive technical assistance and advice.

The reglonal crop growing area for annual crops is Costa 33 percent, Sierra
57 percent, and Selva 10 percent of the total crop growing area. The irrigated,

annual crops in the Costa contribute about 52 percent of the national production.

13
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TABLE
PERU

Mean agricultural. area, agricultural. production and total. land area

‘expressed as a percent of national totals for major geographic regions
in Peru (1976-79). Values are in Percent. T

T AGRICULTURAL T T WOTAL T

e AGRICULTURAL
'REGION AREA ___PRODUCTION . ARRA
Costa 31 48 106
Sierra 52 37 o 30.6
17 55 8.6
e 2.2
PERU
;Rainfed agricultural area and production by maJor geographic'regions

~ of Peru expressed as a percent of the national values (1976-79).
REGION | WEAN AGRICULTURAL - AGRICULTURAL
. . AREA o _ _ PRODUCTION _
Costa 0.09 0.02
Sierra 38.53 v 22.65

Table 2.3
PERU
" Mean égriqulturallarea and production by type of’cbobs:‘ékpressed
as a percent of the national values (1976-79), S
| AGRICULTURAL T AGRICULTURAL

TYPE OF CROP AREA - PRODUCTION
Forests 1.1 -
Pastures 12.5 11.2
Perennial crops 9.7 13.5
Annual crops 76.7 75.3

14



S:Lmilar'ly, the Sierra and Selva con’cr'ibute about: 38 and 10 per'cent

r'espectively, to production values. The main annual crops accor'ding to t:he cr’op;ii'

growing area are as follows:

Field Corn - Sugar Cane

Potatoes - Beans

Barley Cassava

Wheat Sorghum :
Rice - Sweet Potatoes
Cotton Tobacco

The ar'ea and distr'ibution of the first four' crops are: pr'esented in’ Figures

2.7 through 2 10. These cr'op maps mdicate to some ext:ent: the':agr'ocl*
conditions which are t‘avor'able for the cr'op. In the case of com{ and
there are cr'op var'ieties which can be grown under' r'elatively war'm condi’cions of
the Costa. Other varieties with a shorter growing season or' 1ncr'eased toler'ance
to drought condi’cions and low temperatures are also available. o |
8. Junin Department

1. Geographic Char'acter'istics

The Junin Department 1s locat:ed 1n the Sier'r'a and centr'al r'egions -of the
Selva (Fig. 2.1), between 10°41" and 12°41'S and 73°16' and 76°30'W. The _eleva—
tion varies from 450 m on the eastern side to 5000 m on the west. Aoou’c 40 per-
cent of ;che Department 1is at _elevaizions greater than 2000 m. The distance to
the capltal of Peru, Lina, 1s about 310 kn. The area of the Department 1s
vall 338,442 nhectares, which corresponds to 3.38 percent of the national land ar'ea.
- Junin is divided in provinces including: Junin Tarma, Jauja, Y'auli
Concepcion, Huancayo (Capitol), Satipo and Chanchamayo. SR

The estimated populztion in 1980 was 897,300 (Nyrop, 1981), 1 e., 5 1 per'—
cent of the national population. Three-quarters of the Depar'tmental population
is located m_mpaljareas'and the remainder in towns or cities of abou}t?O»,OOO

inhabi sants. - |
15
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Because of the Andes, there are different geographic configurations within
the Department, 1.e., plateaus, valleys, and peaks. The Mantaro Valley, one
of the most extensive areas, has a relatively dense population and is an
important agricultural region.

| The temperature and precipitation regimes are influenced and controlled by
the elevation and exposure to the mesoscale wind circulation as wel] as by the
local wind circulation. Seasonal precipitation comes as rain associated with
convective showers in the lower elevations or as snow at higher elevations
where the frost-t'ree period may be zero.

2. Agriculture in Junin R o
Agriculture represents one of the primaryiareas‘of economic‘activitv;in
Junin. Mining and commerce represent other maJor economic activities. ?The pri

mary land use 1s small farms where subsistence-type agriculture is practiced.
Mechanlzation 1s either limited or in many cases nonexistent because of}
topography, the size of the farms or economic capahility of the.average farmer.

The total crcpland of the Department is about 166,500 hectares with about 1
percent under irrigation, especially in the Mantaroivallev,and the Province of
Tarma. Rainfed agriculture was 77 percent of total Departiental production in
the years 1977-79. Cropland 1s mainly used for the growing of the following

crops:
Barley Lima Beans (dry)
Field Corn Lima Beans (green)
Wheat Peas (dry)
Sweet Corn Peas (green)
Potatoes Pastures

According to the Sistema Nacional de Planificacion (1981) the potential
'cropland area in Junin could be as much as 340 000 hectares with the ‘potential

area for pasture 1ands exceeding 7 000 000 hectares.»fTheseolevels can be
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realized in part with increased fertilizer applications and good management.'
This would significantly increase animal pmduction. In the eastern regions of
the Selva there are 7,300,000 hectares for potential f'or'estr'y-production.‘

C. Mantaro Valley o .

The Mantaro Valley is named after the maJor? river in the Junin Department.
The Rlo Mantaro crosses Junli from the Northwest to the Southeast. The popula-
tion in the Valley as well as neighboring towns is about 230,000. Most of this
population is concentrated in Hauncayo, the Capitol of the Department. The
Mantaro Valley 1s the kma,jor' agricultural production region in the Junin
Department and one of the important food sources for Lima For example, Lima
experienced shortages of agr'icultur'e pr'oducts and pr'ice incr'eases during the
surmer of 1980 because the access roads to Junin wer'e closed due to the
excessive rainfall-induced mudslides. ,_ | .’ | v | ; o i

When viewed on a map of Peru, the Mantaro Valley looks quite small. .
However, this can be misleading with r'espect to the Valley s importance to
agr'icu.ltur'e. For example, the Valley pr'oduces 68 per'cent of Junin wheat and 8
percent of national production. Similar'ly, 80 per-cent of Junin's barley is pro—
duced in the Valley, representing 14 percent of national barley production.
About 63 percent of 'Junin‘s potato production comes' fr'om‘the Valley which pro-
duces 11 per'oent of national potato production. Although the Valley produces T1
percent of Junin's corn, this only represents two percent of national production.

‘.1. Physical Descr'iption
o 'Ihe Valley 1s located between 11°U40' and 12°13'S latitude and 75°08' and
’. 75°'-IO'W longitude within Junin Department (Fig. 2.11). There are three

"_ﬁpr'o\‘reinces: ‘JauJa In the north, Concepcion in the center and Huancayo in the -
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Figure 2.11.

Geographic Location of the Mantaro'Valley in Junin Department - Peru
Ubicacion del Valle del Mantaro en el Departmento de Junin - Peru



south.‘ 'Iﬁé | 1ength of the Va.liey is appf'oxnrlately 70 km V‘I‘he natural. boundér'ies
of the Valiey, are defined by the steep slopes of the Andes Mountains, Figure
2,1?. As Indicated by Figure 2.13, myst agricultural production 1s located be-
tween the‘ river valley and 3,400 m elevations.

2. Agricultur'e in the Mantaro Valley

With the exception of the relatively smal] propor'tion of the Valley which is ‘
irrigated, the types of cr'ops as well as the agricultur'al practices are pr'i-
marily determined by both the temperature and precipitation regimes. Carrion
(1975) found that the date of occurrence of the last frost (<0°C) in the spring
(August and September) varies within the Valley from August 8 to about Septémber'
2. The frost-free period ranges from 230 to 286 days. Thus, this climatéiég—
ical result provides some indication of the time of the year favorable for the
growing of crops. In another study of the Valley, Bernui (1978) estimated a
mean annual rainfall of 754 mm with 95 percent occurring during the mean growing
season in-the Valley (September-May). The "normal" planting of crops begins
during September as the temper'atur'e Increases and with the normal. beginning of
the rainy season. Farmers in the Valley know that they can begin planting as
soon as the soll contains enough misture and the soil temperature is high
enough to permit germination. If the rainy season is delayed, the farmer must
also delay the planting. However, he must plant before the end of December
to ensure sufficlent rains to permit successful growth and maturity of the crop.
The climatélogical or mean date for the last frost can be misleading because
frosts can also occur anytime during the growing season, particuvlarly during
November, December or even January. The precipitation pattern is sometimes
characterized by a secondary minimum during November (Sanchez, 1981). These

2



24
'CROSS SECTION-MANTARO VALLEY

.MANTARO

JAUIA

MANTARO

«

CONCEPCION
~

HUANCAYO

{maniaro

L0 BOkm, SRaEy

,Figuré?2}12;,!Sé1e¢téa‘Cross Sécti6n§:thfoﬁéﬁwfhé
Valley s T e e




_25>

I A ]
78°30° 75°20"

|
75°10°

MANTARO VALLEY

AN
J

" 11°50°

&
4200

—~12°00’

122100 MANTARO VALLEY

MAIN GROWING AREA/
AREA PRINCIPAL DE CULTIVO

SECONDARY GROWING AREA/
AREA SECONDARIA DE CULTIVO

® DISTRICTS

METEOROLOGICAL STATIONS
USED IN THIS STUDY

i s e 3 . : R [

Figure 2.13. Primary andms‘econdaryCr0pGrOWing ’-v?\vreas’ i_n"'?i;hei'f'
Mantaro Valley I -

Area de Cultivo Princij ;Secundaria en el Valle del Mantaro:




temperature and precipitation anomalies which sometimes occur durjing the early ‘
vege‘fative“ stagé of the cyr'ops cause serious damage, consequently reduced yields.
.Crops aré distributed In the Valley according to mesoclimatic conditions and
| soll quality. In the lower reglons of the Va.lley there are deeper solls and
temper'atur'e 1s not ‘as limiting as in the hills of the Valley. Bar'ley,f;wh;eat and
pastur'e for' livestock are grown orn these slopes. A 1list of cr'ops,‘ sbme_sf‘ which
are mainly for the farmer's consumption, is pr'ovide‘d in Table \2'.4; : 'I'he :
planting and harvest dates, 1.e. crop calsndar', for the ':rbst‘impobr'tﬁant_ dr'ops are
indicated in Table 2.5. | |
Therefore, the success of a par'ticulalr', growing season dependsvon the timely
beginning of . the rainy season, the distrlbﬁtldri of‘i Vr'sinfall dur'ihg the growing
~ season so that the water reduiremenﬁs of the cbops' in their different phenologi-
.cal stages are fulfilled, a.nd'the frequehcy and intensity of the agronomic

frosts.

%



TABLE 2.4

' PERU

Primarx Cr'ops and Pastures Grown_in the Mantaro Valley of Peru

IRRIGATED} ~

CROP RAINFED
Pastures: Lucenic - X
~  Barley-forage X
Oats-forage X -
Annual: Potato X: X
crops Wheat X S
Field Corn X o
Sweet Corn X X
Peas (dry) X o
Peas (green) X
Lima Beans (dry) X
Lima Beans (green) X e
Barley (grain) X
Malt X e
Onlons R X
'Quinua’ (¥) X
"Mashua' (¥) X
Vegetables S X
- TABLE 2.5
PERU
Planting and Har'vest Months of Rainfed Crops in the Mantar'o Valley
. of Per'u
CROP PLANTING . HARVEST
Field Corn Sep/Oct May
Sweet Corn Sep/Oct Mar/Apr
Potato o Sep/Oct May
Potato (V. Renacimiento):i ] Sep/Oct Feb/Mar
Wheat L Nov /Dec Jun
Barley Nov/Dec Jun
Malt v Nov /Dec May
Lima Beans (dry) Sep/Oct Apr/May
Lima Beans (green) Sep/Oct Mar
Peas (dry) ' Sep/Oct  May
Peas (green) Sep/Oct ‘Mar



| CHAPTRR III
MEH-IODOLOGY AND
ANALYTIC RESULTS
A.-Data |
1, Meteorological Data .
‘Meteor'ological data used in “his study consist of:: '1.)" monthlymeantem—
perature and total precipitation at Huayao/Huancayo (12°02*S, 75°19'W, 3370 m)
and Jauja (11°45'S 75°30'W, 3410 m) as shown in Figure 2.13, and 2) daily values
of all meteorological elements (pr'esshr'es, temperatures, humidity, vapor
pr'essur'e, ‘cloud cover, suishine hours, radiation, wind and pr'ec'ipitatiori‘),
observed at Huayao/Huancayo for the period 1960-1980. Although there 11s, a rela-
tively longer series of monthly data for both Jauja and Huayao, Vth‘e bé;s(’efdata
for this study corresponds to the years 1960-1980. B
2. Agricultural Data
As noted 1n Chapter' II, ther-e are a large. number' of cr'ops gr'om in the
Mantar'o Vall. ey. Eleven crops ('I‘able 2.4) were tr-eated m the climate/cr'op yield
modeling. Data used wer'e for rain-fed crops which are most extensively grown.
The agricultural data (acreage, production and yield) correspond to the period
1971-1980. These data were tai{en from the yeurly report provided by the crop
reporting districts within the Valley. An annua] mean yield for the Val] ey was
computed for each year-. ‘ 'Ihis r'equir'ed aggregation of‘ approximately 37, 15,
and 35 districts each year' 1n Huancayo, Conception and Jau,ja Pr-ovim,es, :
respectively. |
3. Capabilities and ‘Limita’t‘ion ofData : i

Production and acr'eage data wer-e not available in some vdistr'icts for'

some yeaz's. v Because only acreage mformation was r'epor-ted yin' 977, 1t was not

used for- the cr'op mode]ing
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'I'he daily meteor'ological data for Huayao is of high ouality. AL, meteorolog-
lcal elements which are required for estimating potential evapotranspiration
(PET) as well as for crop modeling are avallable. The monthly temperature data
have some missing values,‘ which were filled in with the long-term mean. Missing
pr'ecipitation data ’at‘ Jauja‘wer'e es timated by ratioing methods using long-ter-m
monthly means at JauJa and Huayao and actusl data at Huayao. This procedure 1is
reasonable because of the short distance between the tv.o stations. Qual.ity
control of the daily meteorological data to delete erroneous cases was completed
by comparisons of daily, decadal and monthly values. with appr'opr'iate "normals".
Meteorological elements were also examined by cor'r'elation analysis and scatter
diagrams. Questionable values were deleted. In computing monthly values fr'om
daily observations, at least 28 dai'Ly obsewations wer'e r'equir'ed | :

B. Analytic Methods

1. Climatological Analysis -

The daily minirmnn temper'atur'e was classified | 'ording to

TLow: MinirmAm temper'atur'e <2°C |
i 'Medium:; 2°C < minimum temper'atur'e <6°C
High: Minimum temperature >6°C

'I‘he "low" class is consldered to represent frost conditions on' the
gr'ound. ; 'I'his assumes that a t'emper'atur'e inver'sion 1s present within the _
atmospher'ic layer' near' the ground. 'I'he "medium" class was tr'eated to r'epr'esent
conditions associated with agronomic frost for' threshold temper'atur'e values of
+2 and +6°C. At minimum temper'atur'es greatet' than +6°C, the temperature rriay not
be a limitin; factor unless the crop is very susceptible to low temperature.
A1l meteorbl )gical elements were analyzed according to each minimum temperature

E str'atification;. ' These daily -«aséIociations were anaiyzed in terms of concurrent
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and antecedent conditions (previous 1 and 2 days) to develop a‘prelinunary
model. for frost advisories to farmers. Decadal. and hbrikth‘.'l.vy ‘r'elet_iensl;’ips»»
were also investigated. Decadal "normals" as well as mont}ﬂ.& "normals" Wef'e
computed. | ' : |

By analyzing the daily data at Huayao from the beginning tothe end of the
"hydrological" year (August through July), the dates of the last spring and first
fall. frost for each year were determined. The threshold values used to define
frosts was: -U°C, -2°C, 0°C, +2°C and +4°C which correspond to meteorological
frosts (T min <0°C) and agronomic frosts. Table 3.1 provides the mean date of
frost occurbeﬁce as well as the mean duration of the frost-free periods. The
empirical probabilities for frost occur'r'ehee wer'e computed for each decade\_ of
the year (Figure 3.1 and Table 3.2). - : o |

Monthly and decadal. normals for kpr'eci'pi’tation were determined for Huayao and
Jauja (Figures 3.2a-b, 3.3a-b and 3’4) ' The comparison of precipitation-poten-
tial evapotranspiration normals is il].gstr'ated in Figure 3.5.

'I'he occurrence of drought was examined at both Huayao and Jauja by using the
PaJiner Drought Index (PDI) according to Palmer (1965). The potential evap-
otranspiration (PET) needed for computing the PDI was obtained by the Penman
* Method. , ' :

Linear correlations wer'e used to establish dependence between meteor'ological
elements and to 1nvestigat:e time-tr*ends.e :

2. Potentlal Evapotranspiration

The quantity of water transpired by a crop 1s a measuf*e of the physiological
activii:y of the plants and their interaction with the energy and water balances
in the lower atmosphere-crop-soil system. Because it 1is rather difficult to
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Table 3.1

- Mean Dates of last spring-frost, early fall-frost and duration of
- frost-free perlod for indicated threshold temperatures at Huayao,
- Peru, 1960—1980. '

Threshold Spring-frost | - Fall-frost Frost-free
Temperature , ST ' period
__(°c) . ; i (days)

-l Aug 10

308
275
21

- gl
i ;:Nov 3o

3



“PERCENT

'FROST PROBABILITY

‘ Figure 3.1. Probability of Meteorologlcal and Agr‘”omlc

Frosts by Decades for Huayao, Peru

Probabilidad de Ocurrencia de Heladas Meteorologlcas y‘”
Agronomicas por Decadas para Huayao, Peru ‘ :
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quant’if.‘y this water vapor flux in open fields, special conditions such as unlim-
A ,1ted ' soil moisture supply and complete ground cover by short green plants must
~ be considered in order to estimate the maximum water flux, which 1is called

~ potential evapotranspiration (PET) for a reference crop.

- There have been many attempts to develop a methodology for estimating PET
(WMO, 1969). Some of these are described below. '

Penman Method

A sinplified version of Pennen equation (1948) is presented by Rosenberg
(1974) 1in the following form: o R L T T e

PET = aRn + be (eq - €a)(1 + Us xlo_-_-g_)_[m/day]
s T T
 viere:

a= slope of the saturation vapor pressure cur've for pure water at: ’mean
temperature (mHg °F-1), e s \ R

Rn = net solar radlation (m/day),
| b = constant in the hygrometric equation (027;mﬂg°p-1)

¢ = constant (0.35), | R

eg = saturation vapor pressure (mmHg),

ey = actual vapor pressure (mmHg), and

Uy = mean wind speed at 2 m (km/day) .
This method has the advantage that it considers both the energy (solar
radiation) and vapor fluxes within the crop canopy's évapotranspiring surfaCe
and the lower atmosphere. It does not account for advective fluxes such as sen
sible and latent energy. However,‘ an operational disadvantage of the method is

that the ‘required n\etedrologicél elements (solar radiation or sunshine



used to estinate solar' r'adiaton) ar'e not obsewed at ve_r'y many weather' stations

in the country. The Penman method can"be used f.‘or' dale 15

time scales.

Thornthwaite Method

CPET = 1., 6 (10T) & [cm/mnth]

w.her"e:-‘_‘
'I'= monthly mean alr temperature (°C) -
I = annual. heat index which is f‘unction of.‘ 'I'
"‘a = polynomial function of I.

An adjustment for latitude is r'equir'ed for' locations with day lengths dif-
ferent than 12 hours. This method has the great advantage of‘ using only one
meteorological element and the 1ocal latitude as 1nput. This 1s the main reason
1t has been used worldwide. But we should be aware that mean temperatures do
not necessarily correspond to the surface energy balance which 1is closely
related to the evapotranspiration process. If temperature determines PET, then
this method can probab]y be used.

Har'gr'eaves' Method |

Har'gr'eaves (1975) developed an equation for computing PET based on""eolar'
" radiation (or sunshine hours ) and temperature:

PET = 0.0075 (RSM)TF [mm/month]

i wher'e :

RSM solar' r'adiation (mn/day)
'I'F " nnnthly mean temper'atur'e (°F). v_




The method requires solar radiation data that is not always available. Ir onlJ
temperature ‘and sunshine information are available, it is possible to estimate 7‘L
solar radiation. Hargreaves has developed several empirical formulas to esti-~,

mate solar radiation from a variety of commonly observed'neteorological elements.,

Pan Evaporation

If we desire to consider all meteorological elemalts which are involved<in'
the processes-of evaporation and transpiration, then Pan Evaporation information
1s useful. But as Doorenbos and Pruitt (1977) have noted, there are some limi-
tations to Pan Evaporation data. Net radiation over water is quite different
from that over crops because of differing reflectivities. The daily temperature
of the water mass differs from the active surface of a plant canopy and
according to the location of the pan relative to the crops and wind circulation.
Thus, the water losses may be different. There are potentially serious disad-
vantages to this type of measurem:ant if there are water-level changes in the
pan due to non-meteorological factors or if corrections are noc made for
precipitation.

Crop coefficients

The amount of water that any crop can lose by evapotranspiration under unlim-
1ted soll moisture conditions as well as t'ree from other limiting factors is
not the same as that from a reference crop PET. Thus, a coefficient is needed

to explain the water requirements of a specific crop during its different stages

of growth and development. Doorenbos and:Prgitt (1977) define this crop coef-

ficlent (KC) as:

KC= P

PETper



This explains why two different crops have a different response glven the same
water supply (by rainfall or irrigation) or why the same crop responds dif—
ferently in two stastes given the same water supply. For example, the crop coef-
ficlents for rice are larger than those for maize and those for maize are larger
'than crop coefficients for yuca. The rice water requirement is quite large '
while water rquirement for yuca is much smaller, il.e., yuca is more " ‘
drought resistant; Crop coefficients for a given crop are usually largest for
the flowering/reproductive stage relative to other stages, for example, planting
and early vegetative stages. Crop water demand is equal. to the product of the
specific crop coefficlent and reference PET (e.g., calculated by Penman).

Crop coefficients should be tested fbr the location to be applied especially
if the climatic characteristics differ substantially from those where the coef-
ficlents were obtalned. The advantage of using crop coefficients is that one is
able to evaluate more exactly if the soill moisture (precipitation) meets the
crop water regulirement during each of its stages.

Therefore, reference PET can he adJusted by crop coefficients to estimate
'the crop's water requirement for each crop stage and the entire crop season at a
;.specific location. The probability of.this;requirement being satisified can be
estimated from historical data. This 1s a major land use tool. Crop coef-

ficlents have also been used by Steyaert Ravelo and Achutuni (1979) to develop
historical agroclimatic/crop condition indices for use in the Caribbean Basin.
Because crop coefficients represent the relative water requirement between crop
ffstages, an improved cumulative rainfall index based on weighted rahqfall data
ican be developed

n2



3. Soll Moisture Budgets

The growth and development of a cr'op depends on the water available to it in
the root system. Soil moisture i1s difficult to measure directly in the f‘ield. ’,
Estimates of soll moisture can be determined from agroclimatic techniques, et

however, one. should only view these estimates as an index of soil nbistur'e

conditlons., Simple water balance equations. based on gains and losses can pr'o-
vide usef'ul infomation if‘ capabilities and limitations are car'ef'ully

zonsidered.

Thornthwalte pr'oposed the nne-layer' wat,er' balance model

S1i = Si—l + P - PEI‘ (.:i-lVFC, i

wher'e

},,_;‘_Si is the soil nbisture estimate, i
"AffSi-l is the soil moisture for the prev .ous per'iod
il‘:P is ‘precipitation,

PET 1s potential. evapotranspiration, and :

FC 1is the fleld capacity of the soil.

In contrast to this one-layer model, Palmer' (1965)‘ 1scusse

model in which the second layer 1s ter'med the "plough" 1ayer!." { The Palmer' two-

layer model has been extensively used thr'oughout the world. Although Palmeh and
Thornthwalte recommend estimating PEI‘ by the Thornthwait 2 “'ethod other' methods
can be used, e.g., the Penman Method. In many subtropical regions the yes.reto-
year variablility of PET is quite small oompar'ed to rainfall variability. -'I'htls,
in some cases it 1s reasonable to use "mormal" PET in the soil moisture B
budgeting process. | ‘ o
The Palmer Drought Index (0D), also described by Palmer (1965) 1s an ,_u‘“‘
important application of the: Palmer' two-'Layer soil moisture model.. The PDI is

13



‘an 'index which pr'ovides r'elative int‘or'mation on moistur'e conditions br'anging from
extr'eme “drought to very wet conditions. 'I'he PDI acts as an integrator of clima-
tic conditions. It is based on the Z—index which measures the molsture anomally
according to the locally appr'opriate‘climatic conditions (i.e., long—tenn
k' means) Sakam)to (1978) used the. Z—index as the pr'imar'y climatic pr'edictor' |
variable in statistical climate/wheat yleld models for Australia. Steyaer't
‘Ravelo and Sakamoto (1980) discuss application of the PDI as an impor'tant indi—
vca.tor' of crop failur'e/food shor'tages due to drought and hurricanes.

R-Index

 An estimate of the actual evapotranspiration (EI‘) of the crop is obtained ir
the soil molsture budgeting pr'ocess. Yao (1969) has det‘ined the R-Index to be
‘the ratio of ET (a measure of moistur'e _upgll to the cr'op) to PEI‘ (moistur'e ‘
demand on the crop). The index ranges from 0.0 to 1, 0 or' extr'eme str'ess to no
stress condition, respectively. Sty e

'I'he R-Index has been used in two types of.‘ applications as a predictor' in
statistical climate/crop yield models and also in land use studies. For'
example, the R—Index for- the flower'ing/r'epmductive stage 1s sometimes highly
‘correlated with crop yleld. Yao (1973) used the R-Index as a land use tool to
'demonstr'ate that climatic conditions In reglons of Tanzania would not permit
gr'oundnut production without irrigation. This classic analysis demnstr'ated
that millions of dollars could have been saved by the Investors if ver'y inexpen—
sive agroclimatological analysis had been used as par't of‘ the planning process.
- '['ne R-Index and' crop coefficients has also been used to estimate opti:mm
‘“v"‘:crop calendars (Ravelo and Steyaer't 1981) |



FAQ Index .

Frere and Popov (1977) have developed in agr-oclimatic/cr'op condition 1ndex
for use In subtr-opical regions. Tne index uses a simplified water balance which
is based on crop coefflcients to obtain the cr'op water requirement.

C. Mnalytic Results |

1. Frost

Low temper'atur'e may be a limi'ring factor which ‘causes’ actual yield to be

well below potential yield. Depending on the physiological stage of the cr-op, :

i 'the noctumal temperature may cause par'tial. or total damage to the plant com-

"':ponents if they are exposed to intensive radiational cooling. Each growth stage
: of a plant r'equir'es that the temperature siould. be higher' than the cor'r'espondmg’
"'Tthr.'eshold temperature for growth without r'estr'_aints. If the temperature drops

" below this threshold value, then the plant s'uf'fer's‘ some physiological damage.

~ Normally the effects of low temperatures are not detected immediately, but a;'e
reflected In final yields.' Reduced ylelds or low quality of the productive
partsv of the plant may be the consequence -)fvlow temperature.

'Ihe damage 1s nore serlous if the t:emoa.r'atur'e falls below the freezing point
of vlater' (°C)' because the effect on the pl*’avnt' ls not reversible. It i1s impor-
tant to know if the reproductive par'ts wer: damaged which could mean that the |
economic losses are at a maximum. ‘I’his last type of frost is of major concem
in the Mantaro Valley. Frosts which occur during December' and Januar'y are . the
most dangerous 'for' malze, potatoes and 1ima beans. If‘ frost oceurs dur'ing these
months, r'eplantmg is usually not feasible because the renaining gr*ow:lng season

is too short for a nor'mal gr-owth and develapment of the crop.

;fﬁéf



Frequency of Occurrence and Empirical Probabilities

The long-term, decadal mean minimum temperature (Figure 3.6) for Huayao
ranges from +7°C in the summer months to frost conditions in June and July.
Dur'ing some decades in October, November and December the mean minimum vt_em—
pér-atdms drops instead of increasing with timé as weuld be .ex'pected.?» This
r'epr'esents periods of potential frost during the ear'ly gr'owth stages of mst
cr'ops 111 ‘the Valley. Agronomic frosts with threshold values of +6 and +4°C nay
occur until Decenber (Figures 3. 7a—b)

A minimum temperature of 2°C at. the weather shelter- (1 6m) nay be an 1ndica-.
tor. of frosts at the soil surface or on the plant canopy. Tnus, Figur'e 3 8a
shows that these frosts may occur even 1n December'. Accor'ding to the monthly
means, meteorological frost (T 0°C) only occurs until September', the start of
the growing season in the Valley, and then reoccurs in April, when most of the
crops have reached the late maturity stages (Figure 3.8b). This can be very
misleading as a land use gulde. The mean date for' the last spring frost occurs
on September 22 (Table 3.1). The first fall frost occurs 1n the mean on May 1.
The mean frost-free period is _221 days. The corresponding frost-free period for
agronomic frosts of +2 and +4°C are naturally shorter, 95 and 35 days,
respectively. This means that ,the introduction of new crops or varieties with
high threshold value,sawi]‘..}.‘ not be successful unless the growing season of the
cr'ep 1s very short. 'i'ne exrbirical probability of frost occurrence is shown in
Figure 3.1 _w’nefe 0,»'2', b and 6 rfepr'esents the probabilities for frosts with
threshold values of 0, ’2, 6 and 65C, respectively. As expected, the probability
dt'ops (increases) from Winter (Summer) to Summer (Winter) months. However, an
increase of the probability 1s noticeable even in October, November, December
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FROST STUDY HUAYAO, PERU

a. Tcg6 C°

,_,
A

PERCENT.
ERCEN

'EhCE“TJ.TL”“:3S<f*3A”

- - Co ‘& N [Nw‘ N, VI (%] .

~ V] I e RN ~ S
-—-.—-u-.—_—-.—-—.-u-—'———o-ﬁ——o———.numfoc-—.i;-

<

>

EL LT R T LT T i

T WAR APY  NAY JUN JuL

MG SEP TTACT. wav  WFe

Figure 3.7a-b. Number of Agronomic Frosts,
‘Expressed as a Percent of the Total Number of
Frosts During the Period 1960-1980

Numero. de Heladas Agronomicas, Expresado en_%
del Total de Casos Ocurridos en el Perlodo
1960-1980
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ffigure 3.8a-b. Number of Agronomic and Meteoro-
‘"logical Frosts, Expressed az a Percent of the
‘Total Number of Frosts During the Period 1960-1980

Numero de Heladas Meteorologicas, Expresauo en %
del Total de Casos Ocurridos en el Periodo 1960~
1980, Huayao/Huancayo, Peru ‘ LT
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and Jénuary, 1nd1ca’c1rfg that there must be atnbsphéric- diréuiétibn édnditions B
whiéh favor unusual, excessive radiational cooling. An examination of sjhdpfié
‘wéather' maps for South America suggested that southerly/southeasterly winds,
lpossibly assoclated with synoptic low pressure systems located near Bolivié and
Ar'geht;ina, tend to be ‘r'ela'ced to frost potential. Minimum temperatures 'gr'ea'cer}‘z-“
'chan 6°C are associat;d with the more moist northeasterly flow reglmes. | _

| 'Fighfes 3.9a through 3.9e show meteorological elements stratified according::‘
to the pr'eviouslj defined "low", "medium" and "high" minimum temperature
classes. These plots corresp‘ond to conditions on the same day of the occurrence
of the minimum temperature class. Thus, Figures 3.9a and 3.9b show that "low"
temperatures are followed by bb'ch lower cloudiness and higher solar radiét;ion.
If the minimum temperature 1s "high" then there 1s more cloud cover and less
solar radlation. Therefore, we might expect that on the frost days the maximum
temperatures must be much higher than ere non-frost days (Figure 3.9c). Low
temperatures are associated with small water vapor content in the atmosphere,
here expressed as dew point (Figure 3.9d). ~ There 1s a tendency for lower
atmospheric pr'essur'es‘ after the r'rost occu?rencé, bu"tv th:ils“igs‘ true only during
the months of October through February. During the rest of fhe yéar there are
pressure differences for the temperature classes. It also appears that static
energy during the day after frost occurrence is much lower than on relatively
warm nights (Figure 3.9e).

8 Theksame stratificaf;ion on minimum temperature was ‘performed on the meteoro-

logical elements observed on the day before the occurrence of the minimum tem-

peratures (Figures 3.10a through 3.10f). The minimum temperature of the pre-

vious day 1s lowest for the frost-cases, suggesting some persistence of frost
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‘Figure 3.9a-e. Average of Indicated Meteorologlcal"
‘Elements Stratified According to "Low", "Medium" :

and "High" Minimum Temperature Classes

Promedio de Elementios Meteorologicos Stratlflcados
de Acuerdo a la Clase de Temperatura Minima: "Baja"
"Media" y "Alta" ¥
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Lf;Figuré»3.9a-e. Average of Indicated Meteorological

~ Elements Stratified According to "Low", "Medium"
~and "High" Minimum Temperature Classes

Promedio de Elementios Meteorologicos Stratificados
de Acuerdo a la Clase de Temperatura Minima: "Baja"
uMediau y "Alta" . X
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'fngigufé 3.9a~e. Average of In&idéted Meteoroldgical Elements

Stratified According to "Low", "Medium" and "High" Minimum
Temperature Classes ' '

Promedio de Elementios Meteordlogicos Stratificados de
Acuerdo a la Clase de Temperatura Minima: "Baja", "Media"
y "Alta" o ’ o -
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:J~Eigdfe 3.10a-f. Average of Indicated Meteorological
‘Elements of the Previous Day Stratified According
- to "Low", "Medium" ar.d "High" Minimum Temperature

Promedio de los Elementos ﬁeteorologicos del dia
Anterios ala Ocurrencia de Temperaturas Mimimas

“Bajas", "Medias" y "Altas"
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ffﬂiéﬁte'3;10a-f. Average of Indicated Meteorological
“Elements of the Previous Day Stratified According
to "Low", "Medium" and "High" Minimum Temperature

Promedios de los Elementos Meteorologicos del dia
Anterios ala Ocurrencia de Temperaturas Minimas
"Bajas", "Medias" y "Altas"
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" Figure 3.10a-f. Average of Indicated Meteorological
- Elements of the Previous Day Stratified According
~ to "Low", "Medium" and "High" Minimum Temperature

Promedios de los Elementos Meteorologicos del dia
‘Anterios ala Ocurrencia de Temperaturas Minimas
"Bajas", "Medias" y "Altas"



conditions. The maximum temperature does not show any stratification, espe-
clally for the months we are interested in. This suggests that if the maximum
temperature is high, it does not indicate anything about the minimum temperatureﬁ
on the next day The relative humidity during the afternoon of the day before Tf
frost conditions is nuch lower than those preceding non-frost conditions -
(Figure 3 7b) The dew point of course, shows a similar relation (Figure o
3. lOc) If there is rain the day before, then it is not favorable for nocturnali%
cooling, not only because the soil surface is noist but because there are . y
usually more clouds (Figures 3.10d and 3.10e). Again “the static energy on the -
day before frost is much less than static energy fbr the other minimum tem- |
peratures classes. This variable might be a gpod frost predictor because it L
considers three types of energy: Sensible, Latent and Botential. | =
Case studies of single fro:t days were analyzed to relate the daily weather
conditions of' the days which precede the frost occurrence. Figures 3.11a and
3. llb show an example of a meteorological frost (Nov. 18, 1971), agronomic
frosts (Nov. 12 1971 and Nov. 23, 1980) and non-frost conditions. The dew
point in the afternoon (point D) drops a few days before the frost. Thus given
clear skies and calm winds, conditions are favorable for IR cooling ,
during the night. The air temperature can approach the dew point which is at or
below 0°C, hence frost. ' 4 (,. 5
Correlations between minimum temperature for frost cases and meteorological
elements on the preceding day glven the requirement fbr calm, clear and low
humidity conditions were not significant. This is not surpizing because daily
data (mean wind, cloud cover, ete.) are not adequate for the analysis. We are
interested in those conditions during t.he late afternoon of the day preceding

frost occurrence.
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The preliminary model for frost prediction and the steps to verify and
expand on this model. are as follows: ' R S |
0 Hourly meteorological data should be examined to determine 1f calm
‘clear, low dewpoint conditions during the later aftemoon of the day
: before frost occurrence are consistently associated with frost 1ater ’
- ‘lduring the night. If a predictive model is specit‘ied then the number ,
of times 1t leads to a fal se forecast must also be determined i.e.,

the probabilities of being "eorrect" or "wrong" :

o Hourly data must also be examined to determine 1 low Jevel advection
| or changes In cloud conditions during the night can lead to increased
or decreased potential for frost. For example, low level advection of
warm, moist ailr from the .:ast/northeast could reduce frost potential.
| "“Frost potential could also be reduced by upper level winds which lead
to cirrus clouds.  In contrast low-level a.dvection of cool dry air

_could increase the potent!.al for frost. ‘

o‘- As previously noted and related to the above analysis, synoptic
‘V }weather maps should be examined to determine if south/southeasterly
f£1ow conditions lead to frost. o

0 Soil moisture conditions should also be investigated. v -
.0 The frost prediction model may require analysis of local meteorologi-

cal conditions plus analysis of synoptic conditions.

Frost -Advisories

The results of this frost study suggest®; two types of frost advisories which
can be of economic benefit to the farmers and the local economy . First long-
term economic benefits can result by using this frost climatology as an integral



oomponent of ‘the land use decisions associated with the introduction of new or
| :mer'oved varieties. Vulherability to frost can be reduced by matching the
crop's tolerance for the low temperatures with existing conditions in the
Mantaro Valley, particularly to maximze potential yleld under the subtle agrono-
mic frost conditions. Secondly, short-term economic benefit can r'esult fmm a
"~,fmst prediction model to aler’c farmers of 'pchential f‘r'ost.‘ They can tgke
‘ac'cions to mitiga’ce or reduce f‘r'os’c damage to crop. - B
'Ihe climatology of fmst should be considered in the planning of crop calen-

dars and selectlon of new varieties. The frost potential may bé avoided if
planting is done after the "mormal" date of the last spring frost. After this
date fros';:s may occur but with lower probabilities. The occurrence of the first
fall frost in the Valley is not as serilous because the crops are less éuscep—
tible to low temperatures in the late phenological stages. The crop type as
well as the variety selected for the Vailey have been done mainly thr'ough. many
years of experience. The farmer knows which crop and when to plant under
"normal" climatic conditions, except if he wishes to Introduce new varieties.
Bu’c the probability of frost occurrence in the Valley is from the agronomic
. point of view still significant even after the mean date of last frost.
| What the farmer needs to know is not the exact prediction of the minimum
temperature of the next morning but rather to lmow if conditions are t‘avobable_

| ifor a potential frost. He can then be well prepared to make some decision on

{‘ frost-control. In that situation, a timely and quick advisory of the potential
i:"for' frost occurrence is needed as sobn as the Institution obtains the meteoro-
logical data and is able to make an agrometeorological forecast of frost. The
advisory could be done through the local radios as well as on the TV station.
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According to the char'acter'istics of the potential fmst an advisor'y on "what to
do" and "how to do 1t" is also needed. Advisories must consider the technology“"f.
and tools actually available t» the farmer:s. Frost control equipient and s
mater'ial should not be expensive or hard to obtain. On the other hand 1f we

consider' the great losses due to frosts and express them in terms of financial

loss to farmers, we will realize that 1t is worth putting some effort towar'd
implementation of the frost forecast model. the frost advisory as well as fmsti
control measures. All these efforts wlll -educe or control completely the .
effects of frosts, thus the farmer' 8 econc dc conditions and annual income wﬂl_‘ _
be impr'oved Consequent] ¥, production goa -8 will be achieved and the f‘ood ‘
supply to the r'egional cities as well as t) Lima will be more secur'e. Lt

6



2. Derived Indices

We have seen that one of mputs in the soil moisture budget is the potential
evapotranspir'ation. Daily data: from Huayao/Huancayo permitted us to estimate
. the PEI' by three differ'ent methods: Penman, Thornthwaite and Hargreaves, which
' were compared to the evaporation measur'ed with a US Class A pan.
| All the estimted PET values are always less than the pan evaporation
(Fig 3. 12) Pan evapor'ation reaches 5 rrm/day in the first half of the year and
r'anges ft'om 6 5. to 7 mm In the months of August-November. The yearly regime of
pan evapor'ation does not have a winter/summer type of variability, instead the
extreme values occur in the transition seasons of fall and spring.

The Penman estimates have a noticeable year'ly oscillation with a maximum in
the month of November-December when the solap radiation reaches its maximum
value. In the summer months both the Penman estimates and the pan evaporation
are good indicators of PET in the Mantaro Valley. During these months the oasls
ei‘fect of the pan would be minimm because the surface 1s covered by crops in ‘
full development. In the winter months the Penman estimates reach their' minimum
of approximately 85-90 mm/month (Figure 3. 13) while the pan evaporation var'ies
from 150 to 200 mm, R | |

The PET estimates by Hargreaves' method are almost the same as those esti~ |
mated by Penman, providing lower values only in the summer months. This dif-
_ference may be due to the fact that Penman considers the atmospheric water vapor
content which has a maximum value in the Summer months. This would imply that
the net radiation increases and thus the PET.

The estimated values by Thormthwaite's method oscillate very little during
the year: 40 mm in winter to 55 mm in summer. These values are much below the
other' estimates beoauset:he .serylsible heat, whichh the temper'atur'e represents, is
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- POTENTIAL EVAPOTRANSPIRATION
COMPARISON OF METHODS
HUAYAO, PERU
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“Flgure 3.12. Comparlsons of Mean Monthly Potential Evapora-
transpiration made by Penman (A), Thornthwaite (T), Hargreaves
(H) as well as Pan Evaporation (E), 70 Percent Pan Evaporation

(7) and Monthly Rainfall (R) at Huayao, Peru (1960 1977).
Values are in mm/day,.

- Promedios Mensuales de Evapotransoiracion Potencial Estimada
por Penman (A}, Thornthwaite (T), Hargreaves (H), Evaporacion
- en Tanque (E), 70 Porciento de Eviporacion en Tanque (7) y

Precipitacion Mensual (R), Huayac, Peru (1960-1977). Valores
estan expresados en mm/dia
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. PET_(mlm)

'POTENTIAL EVAPOTRANSPIRATION
| COMPARISON OF METHODS

HUAYAO, PERU

Figure 3.13. Comparison of Monthly Mean Potential Evapd-

‘transpiration Estimates (mm/month) for Penman (&), Thornthwaitefg

(T), Hargreaves (H), as well as Pan Evaporation (E) and
70 Percent Pan Evaporation (7), at Huayao, Peru (1960-1977)

Promedios Mensuales de Evapotranspiracion Potencial Estimada
(mm/mes) por Penman (P), Thornthwaite (T), Hargreaves (H),
Evaporacion en Tanque (E) y 70 Porciento de Evaporacion

en Tanque, Huayao, Peru (1960-1977)
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very small due to the low dens l.ty of‘ the atmosphere 1n the Mantar'o Valley. One
char'acter'istic of the clirrate )f the Valley is the gr'eat dif'fer'ence between the '
temperature of the sur-faces .exvosed to dir'ect solar radiation and the air
temper'atur'e. Thus at the evaporating surf‘ace (e.g., crop canopy) ther'e is mor'e '
available energy for evapotr'an spiration pr'ocesses than what the air' temper'atur'e
at the weather' shelter' level would indir'ectly imply/indicate. 'Ihe small

variability of 'I'homthwaite PET dur'ing the year' is due to the small annual tem—
perature range which for' the lower' part of‘ the Mantar'o Val] ey is 2 5 K (Figur-e
3.2a). - | |

Figuve 3.14 shows the var'iation of al] estimated values by decades. Her'e
one notices that 'Ihomthwaite 8 method indicates lower' var'iability during a
month; Hargresves' estimates also show this char-acter'istic._ It seems that
Penman's method is more sensitive to shor't per'iod changes of‘ PET because it con-
siders more meteorologiciil elements.

If we compare the est:imated PEI‘ with the r'ainfall (Figure 3. 12), we notice
that. only Thomthwaite s method shows a positive r'ainfal] -PET balance\ f‘r'om :
October- thr'ough April, which coincides more or' less with the growing season of
the Valley. Considering the other methods, the pr'ecipitation in the Valley
balances the water demands only in Januar'y and February. | o |

Decadal means and standard deviations of tne estimated PET ar-e pr'esented n
Figur-es 3 15 thr'ough 3.18. ’Ihe Har'gr'eaves PET has the lowest var-iability f‘or-
all decades of the year‘. The gr'eatest deviations cor'r'espond to ’Ihomthwaites'
estimates.’ Penman PET shows mor'e variability in the summer months when the
daily change of net’ r'adiation is gr'eater- than in winter. The pan evaporation
has a s:lmilar' variabilit: s that is, greater In summer than in winter. But the

absolute deviations ar'e z;r'eater' than those com'esponding to the estimates by

Penman and Har-gr'eaves. ' :
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. DECADAL PET

'HUAYAO, PERU

PET (mm/d.i‘):‘jf& e

'Figure 3.14. Comparison of Mean Decadal Potential Eva-
‘potranspiration Estimates made by the Penman (A), Hargreaves
(H), Thornthwaite (T) as well as Pan Evaporation (E) at
Huayao, Peru (1960-1977). Values are daily rate in mm.

Promedios Decadarios de Evapotranspiracion Potencial por
Penman (A), Hargreaves (H), Thornthwaite (T) y Evaporacion
de Tanque (E) para Huayao, Peru (1960-1977), expresados

en mm/dia.
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" POTENTIAL EVAPOTRANSPIRATION
" PENMAN

emomtonaatanons

273 4.5

- Figure 3.15. Mean Decadal Potential Evapotranspiration
- by Penman Method and the *irst and Second Standard
Deviations about the Mean for Data at Huayao, Peru
(1960-1977) . Values are laily rate in mm,

Promedios Decadarios de E rapotranspiracion Potencial
'Estimados por el Metodo P:nman + 1 Y 2 Desviaciones

Standard, Huayao, Peru (1930-1977). Valores estan
expresados en mm/dia
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'POTENTIAL EVAPOTRANSPIRATION
- HARGREAVES
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' Figure 3.16. Mean Decadal Potential Evapotranspiration

" by Hargreaves Method and the First and Second Standard

Deviations about the Mean for Dbata at Huayao, Peru (1960-
1977). Values are daily rate in mm ,

Promedios Decadarios de Evapotranspiracion Potencial Esti-
~mados por el Metodo Hargreaves + 1 y 2 Desviaciones Stan-
dard Huayao, Peru (1960-1977). Valores estan expresadeos
en mm/dia
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";iPOTENTIAL EVAPOTRANSPIRATION-

o THORNTHWAITE
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“Figure 3.17, Mean Decadal Potential Evapotranspiration
by Thornthwaite Method and the First and Second Standard
-Deviations about the Mean for Data at Huayao, Peru (1960-
1977;. Values are daily rate in mm,

Promedios Decadarios de Evapotranspiracion Potencial por el

‘Metodo Thornthwaite + 1 y 2 Desviaciones Standard, Huayao
Peru (1960-1977). Valores e:stan expresados en mm/dia
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PAN EVAP (mm)

_PAN EVAPORATION
HUAYAO, PERU

ff"?iéﬁféuBLlBL‘Méan Déqada1;Pén*EvaporatiCn'énd the First

. -and:Second Standard Deviations about the Mean for Data

. at.Huayao, Peru (1960-1977). Values are in daily rate
“in mm, :

Promedios decadarios de Evaporacion de Tanque + 1 y 2

Desviaciones Standard Huayao,-Perqn(1960-1977)? Valores

estan expresados en mm/dia
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Table 3.3 contadns the means of.‘ the e.:t"lmated PEI‘ and pan evaporation com—
puted by decades.

poration values, we see that Penmanvs est:l.uates account for 0 80 to 0.96 of pan
evaporation 1n sunmer and 0 52 to 0.58 of pan evapor'ation in winter' (Figure -
3.19)._ These r'atios are presented 1n Table 3. 14 where RPEJ—EV stands for the 4
ratio between Penman PET to pan evaporation or RHAR-EV7 indicates the ratio bet-,:.
ween Hargreaves PET and 70% of pan evaporation. Hargreaves cstimates are 0.73 |
to 0.83 and 0.52 to 0.58 of pan evaporation in summer and winter, respectively.
The lowest ratios correspond to Thronthweites estimates; thus the ratio varies
from 0.’23 in August to ornly 0.39 in February.

Monthly means of Peran estimates (see SPEN in Table 3.5) were computed }fro‘m
the daily values. In the case: of both Hargre:ves and Thornthwalte estimates,
the monthly means were ol:tained from daily values (see STHOR or SHAR) as well as
computed having monthly reans of solar radiation and temperature as Input data
(see THORTM or HARGRM). There 1s not much difference between these means, which
implies that monthly estimates of PET may be well obtained fr'om monthly means of
meteorological data. o

Comparisons of monthly estimates of PET among diffenent methods as well as '
with pan evaporation were made in order to find a useful relationship to estimate
PET giving only reduced meteorological data, such as temperature (Table 36)
Thornthwalte estimates account only for 36-40% of what the Penman method estima-
tes (see RTH-PEN in Table 3.6) and for 33-37% of pan evaporation (RTHR-EV) in the
sumer months. The same k:lnd of comparisons for Hargreaves estimates indicate
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PET RATIOS
HUAYAO, PERU

0-;--q0 ----0'--,-0‘--’--}‘-

Figure 3.19. Comparison of various Mean Decadal Potential
Evapotranspiration Estimates expressed as a ratio of Pan
Evaporation at Huayao, Peru (1960~1977).

Relaciones entre valores estimados de evapotranspiracion

potencial y evaporacion de tanque para Huayao, Peru (1960~
1977).
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| TARLE 3.7
PERU

Crops of theMantar'oVElley

NOV_  DEC
0.75 0.92
0.73 0.85
045 0.57

Field Cormm
Potato
Barley/vwheat

Y

ViR APR
0.86 0.60

1.03 0.73 |
1,10 0.80 0.23 -

JAN FEB
1.08 1.10.
1.00 1.10
0.72 1.02
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83% of Penman PET (RHAR-PEN) and 76% of pan evaporation (RHAR-EV) also in the

| suﬁmer months. Should only pan evapdrationlﬁe avallable, then Penman PET may be
obtained by usiﬁg the ratio RPEN-EV. This ratio varies from month to month,
thﬁs the ratios for each month as well as their standard deviations should be
taken into account.

It 1s sugéested that the Penman estimate, especially the monthly means for
the period 1960-1977, may bé used as reference values for the Mantaro Valley.
This method does consider the main meteorological elements which define the cli-
matic conditions of the Valley and explain'better the process of evapotranspiration
for a reference crop (PET).

3. Agricultural Drought

A simple climatic diagram like the one shown in Figure 3.5 indicates that

the water demands of a reference crop are normally met by precipitation in the
Mantaro Valley only in the months of January and February. Thus these are the
months appropriate for phenological stages of crops which have the highest water
requirements. In fact most of the crops in the Mantaro Valley reach the
flowering stage in this time of the year. In this case, the crop coefficient
shows the highest values. The Qbop coefficient of corn (Table 3.7) reaches
1.0-1.1. Potatoes have the highest water requirement in the months
January-March. Theée coefficients also show that the crops grown in the Mantaro
Valley are well adapted to the local climatic conditions. This means that the
Jocal farmers under "normal." or expected climatic conditions also know the
expected ylelds and therefore production. Onevway of monitoring for agri-
cultural drought, that 1s, a deficit of water in the root-system (water

available to crops) compared to the crop water requirements at a particular
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phenological stage, 1s by assessing mistxxve'stﬁess with an index. Some of the
| traditional indices include the R-Index by, Yao (1969) and the Palmer Drought
Index (PDI) hy Palmer (1965). Other indices are discussed in Chapter IV.

The Paimer' Drought Irdex was computed for Huayao/Huancayo and Jauja using
Penman PET estimates, Fizures 3.20 and'3'.2.1, respectively, for years 1960—1980.
The PDI is based on the 72;Index (see Sakamoto, 1978) and is scaled to poten-
tially indicate various categories ranging from anomalously wet to extreme
drought condifions. Mild drought has occurred at the beginning of the season,
for example for Huayao in the years 1963, 1969, 1975 and 1980. Jauja was
affected by moderate and severe drought dur'ing; the growing seasons of 1964,
1965, 1966, 1968, 1969, 1975 and 1977. We may say that the years with severe
drought for the Mantaro Valley were 1966, 1969 and 1980. :

These drought conditions do 1imit and alter the normal agrioultural prac-
tices in the Valley. If they tend 0 persist for extended perioas » the farmer
is forced to reduce the growing area or crop failure may oceur, consequently
production will be down. Thus, there is the need to quantif‘y drought
: "4_oc‘:cur'r'ences. The Palmer Drought Index 1s an impor'tant mdicabor' of crop faﬂure
,(éoéd-cmps) depending or. the rainfall distribution r'elative to the distribution
and ambun’c normally expected. Most of the crips in the Valley have low poten-
| ' :jtial’ yieids compared to those under more favorable climatic conditions.
Howeve‘r',‘ &fche ;'a.mer expects a low potential yleld under the local conditions.

~An 'ahomaly 1n the soil moisture budget for one or more front:hs wﬂl affect the
' crop with an intensity proportional to the anomaly relative to the water
| - requirements 'of‘ the crop 1n that same period of time. The PDI must be tested
and evaluated f‘or' potential use as an operatioal index to monitor general agr'i-
| cultural condi tions. ' | |
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By CHAPTER IV
‘CROP YIELD MODELING RESULTS

i.‘::‘te/cmp yield forecast models were developed for' major
alin. anc cr'ops?gr'own in the Mantaro Valley. lVodels for' barley, wheat,
field com,a sweet com, green and dry peas, green and dry 1ima beans and pota-
toes are'based on some very significant Vt'elationships between climatic variables
and yeab-to—year' yield variations. These relationships reflect the biological
or agronomic response of the crop to moisture and temperature anomalies during
the growing season, particularly during the critical flowering/reproductive crop
stages. Although the models require full test and evaluation, they provide a
solid _f'oundation for crop yleld and production forecasts by at least 30 days
before the harvest of the crop. The models also suggest some of the critical
periods during the crop growlny season when the agroclimatic requirement;s of the
crops must be satisfied. This identification of key agroclimatic requirements
can contribute to improved land use. Farm management practices can be developed
to Increase food production by reducing climatic vulnerability.

In addition to discussions on the crop yleld mdeling results, this‘chapter'
also includes information on the histery of crop yield 'modeling, analytic steps
for model development, agroclimatic/crop condition indices for the Mantaro
Valley and suggestions for test and evaluation of the models.

A. Background o

During the decade of the 1970's, significant advances were rrade in the devel-
» opment and application of climatic/crop yleld forecast models. The success of
, thie'applied modeling is assoclated with the increased availability of computers
Which permitted scilentists to develop the models plus the critical need for cli-

mate impact information. Decision makers, pianner's and economists have come to

Y



recognize that this approach can provide timely, r'eliab]e and yet inexpensive
infor'mation concerning the impa.ct of climate on crop ylelds and agricultural
pr'oduction. The role of these models as providing information to supplement and
complement othen inf'or'mation sources has become recognized, e.g., crop infor-
mation sources including f‘arm and marketing reports, probabllity surveys
involving area fr'ame analysis, census, demand side economic analysis and others."
Statistical models have been developed or at least attempted for many geographic
regions in the world, particular'ly major grain producing areas. Some of the
crops modeled include wheat, corn, barley, soybeans, sorghum/millet, rice,
cotton, sunflower, flax, gr'oundnuts, Sesame, sugar cane, oil palm and others.: ‘

Climate/crop yield models are also belng used to provide early wamingof‘ o
potentially disastrous food shortages resulting from severe drought. Eot' S
example, the United Nations, Food and Agricultural Organization and the U.S.
Natlonal. Oceanic and Atmospheric Administration, Center for Environmental
Assessment Services (NOAA/CEAS) are two organizations involved in this type of
effort. The NOAA/CEAS program provides support to the Of‘fice of U S. Forelgn
Disaster Assistance of AID (Steyaer't et et al, 1981).

Types of Models

There are essentially thr'ee types of crop yield rmdels statistical
climate/crop yield models, agroclimatic/crop condition Indices and the phenolo-
glic or "pr'ocess" models. - ; .

The most widely used approach 1is the statistical model. based on multiple
1inear' regression analysis using historic climatic data and crop yield. 'I'hese

‘models provide absolute yleld forecasts. -
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The- second type of model is the agroclimatic/cr'op condition index. This
appr'oach can be used 1f yleld data are not available for r-egression analysis.
Relative crop yileld information 1s obtained from the index., 'I’he index 1s based
on an agroclimatic variable (cumlative pr'ecipitation 3 PEI' F‘I‘/PFI‘ FAO index,
soll moisture index, Z—Index and other's) which is dir'ectly associated with the
year—to-year var'iations in cr'op yield. "i’he index pmvides a measure of climatic
impactonthecr'op. _ | ', BT

The agroclimatic variabie on which t;he index is based could be viewed as
that predictor variable which would produce a statistically significant
regression model - if yleld data were available. The choice of the proper
agroclimatic variable can be determined by: 1) lknowledge of those climatic con-
ditidns which determine yield, particularly true for marginal, semi-arid
production regions where crops are rainfed, 2) information on the appropriate
variables determined by regression analysis for similar regions and 3) quali-
tative information, termed episodic data, on the historical causes (both weather
and non-weather factors) of crop failure or bumper crops. For example,
published’ reports, newspaper articles ,' discussions with farmers and other sour-
ces of Information can be‘use_d to assemble these qualitative accounts for many
different years. Episodic data can also be used to mtenpret or "callbrate" the
indices for a particular region. For example, the index can be computed from
20-30 years of historic climatic data and plotted as a time~series. The values
of the index are entirely relative and can be expressed in raw numbers, percent
of normal, percent of some base year, percentiles, standard deviations, etc.
Episodic reports on the fallure of crops due to. drought may suggest for example,
that "historically crop fallure is associated with index values which are below
the 20th per'centile or equivalently 60 percent of normal.."
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The third type of model 1s the phenologic or "process" rmdel which 1s based

on plant processes such as phohosynthesis. These model.s are still 1n the L
research and development stage. They were designed primarily to simulate Lhe
growth and development of a plant, for example, cotton, corn and sor'ghum. 'I'he
models In some cases have been used as a farm management tool, for' example, t:o
examine various strategles for production. The models are be:lng tested for'
potential application to provide ylelds for a large area such as a’depar'.tment‘et}":
state. The models work best in the reglons where they were developed, hut are.. ‘,
redef'ined for application in other areas.

Applications

The statistical crop models and the agroclimatic/crop coridition indices are
primarily drought impact models. Excessive moilsture or flooding conditions are
usually quite difficult to model.. However, a skilled analyst can use the models.
to provide very useful crop yield information. The capabilities (when the model
works) and limitations (when the model does not work) of the model must be used
as guidelines for Interpreting the output. of the model.

Statistical climate/crop yield models can be used for other applications.
For example, long-term records of climatic data can be used to similate yield ‘
well beyond the period of record for observed yield data. Yield is an integra-
tor of climate and the model. converts climate data Into simulated yield.
Simulated ylelds can be used to determine the risk of crop failure, esktimate '
pr'obabilities‘ef'crop failure (2 consecutive or 3 consecutive years, etc.),
estimate var'i_.ous'pr;obabilities for simul.taneous crop failure in two or more

regions and in the_' analysls of climatic trend. For example, an often overlooked



fact is that tr'ends in yield or' production can also be associated with 1ong-tem
| tr'ends in r'ainfall.; Sometimes tr'end in yiela due to clinate trend can also be E
associated with tr'end in yield due to improved technology or decr'eased soil
'fer'tility. | | | | ,

Steyaer't Re:velo and Achutuni (1979) used a statistical cr'op yield rmdel to
investigate the vu]ner'ability ot‘ com to dvought in Haiti due to soilj ‘r'osion.
They found that soil erosion (associated with defor'estation) and the r'educed
water holding capacity of the soil resulted in increased vulner'ability of* corn
to drought, 1.e., shallow soils cannot store much water to cat'r'y the_cr'op
through dr'y spells. _ ,

Cmp yield mode]s can be important tools for land use studies or ‘anal ysis of
climatic change (What happens to yield if r'ainfall decreases by 50 percent?).
The models can Increase awareness and knowledge about those climatic conditions
which affect yleld, Finally, the models can in some cases be used as a basis
for farmer's advisories, e.g., recommended planting date, irrigation scheduling,
and ifer'tiliz'er" applications (see Steyaert et al, 1981).

B.  Analytic Steps to Model Development |

Year'-to-year' changes in crop yleld can be caused by weather events (fr'ost
flooding, winds, etc.), climate (dr'ought anomalously "wet" years, low solar
radlation, etc.), management decisions (planting date, weed and pest control,

. water contr'ol tillage practices, ete. ), and/or technology (var'iety, fertilizer
" l:'and pesticide applications, ir'r-igation, ete. ) These factors plus soil deter'-
--mine the potential yield. Tr'ends in yield can be associated with either' changes
in technology (e.g., incr'eased technology impact each year'), tr'end in climate or
both.,
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The aboire ‘factor's suggest the need for several different types of data
bases: meteorological, crop statistics (area, yleld and production), technology
data and episodic data as previously described. Detalled information on cmp
"calendars and agr'icultur'al pr'actices are also necessary. A‘

The first requirement 1s to assemble the available data and thor'oughly pere- 3
form quality control checks. The r'eliability and adequacy of meteorological and
yield data must be determined. 'Ibo much e 1phasis cannot be placed on this step.

The modeler must become very familiar vith agricultural practices and the
factor-s which cause yield variability. Tre candidate predictor variables, role ;
of technology, and significanc: of decadal, mbnthiy or Seasonal. predictor
variables must be determined.

In the traditional statistical climate/crop yield models, the basic predic-
tor variables are monthly precipitation, temperatures or derived indices such as
the R-Index. If technology has caused a time trend in yileld, a time or year
term has traditionally been used as a sur'rogate variable f‘or' technology. The
time tr'end var'iable is- 1nc1uded as a pr'edictor' variable in the model
development. »

Scatter diagr'ams and linear cor'relations are used to select pr'elimjnar'y pre-
dictor variables which muist be statistically related to yield as well as biolo-
gically related to the crop. Linear' regression analysis 1s used to deve] op the
model. The final models must be tested and evaluated. T

Some of the advantages and disadvantages of statistical climate/crop yield
models mclude ‘ ERE


http:reliabili.ty

’ Disadvantages

 11)

They use a fixed. cr'op calendar', i.e., it 13 assumed that the planting anc

' - vegetative gr'owth stages, etc., occur at the same time each year.

l‘}:é._), .

Therefore, 1f a delay in planting occurs, the model may not be able to
r'espond. » ’ :
Monthly data are used. Crops are also r'esponsive to rmr'e f‘r'equent

changes in the weather' or climate.

"3)?;’;Shor'ter' period weather phenomena, especially episodes such as extreme

- temperatures, high winds, freeze, or flooding cannot be mdeled very well

"
. analysis.
5

6)

-Episodes usually do not occur frequently enough to do a quantitative

‘Regression models tend to predict "close to the mean yield" and: do not

predict extremes very well. The models should not be used to pr'edict
independently outside of the range data. | '

The models use linear trend as a surrogate 'f'or"technology. , "‘If‘."not

obJectively specified, the trend term can be ver'y misleading 1n the

development and use of the model. Linear' tr'end is used becaiise the

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

: Furthermore, no one has devised a statistical method of combinm

weather and technology data.
Futur'e climate/crop r'elationships may change fmm‘hietdrical'rela-

tionahips used to develop the model. For example, var'ieties could

R change such as traditional varieties to high yield:l.ng varieties. The

climatic responses could be different.



Advantages
1) These models are based on theAstatistical/agronomic/physical signifi-
cance between the climatic data and crop yield data. Physical signifi-
cance means that any weather or climatic variable used in the model has
a high degree of blological relationship with known effect on the crop.
éj.pModels represent straight—forward relationships that make nunimal
t%assumpticns and permit the yleld data and climatic data to define the
model according to historical interrelationships. They make the
maximum use of historical climatic data and yleld which is an integrator
. of climate. ‘
3) The models are inexpensive to operate and produce USefu_ infbrmaticn,r‘uf
',particularly if they are evaluated according to strengths and weaknesses ,

:‘ along with other crop yield or crop conditicn fbrecast procedures. ;



C. Agroclimatic/Crop Condition: Indices

The usefulness of agroclimatic/crop condition indices as assessment tools to

monitor drought and assess climatic impact on crops should not be

underestimated. Such indices are par'ticular-ly useful. for assessing r'elative

crop ylelds (and production) for' cr'ops which are vulnerable to dr'ought. Many of

these same Indices contribute to studies 1nvolv1ng land use questions. Some of

the tr'aditional 1nd1ces include:

1)

Palmer' Drought Index (Palmer', 1965)

'This index has been used as an indicator- of climatic impact on

., general. agr'icultur-e. ’I'ne :lndex 1s categor'ical and r'anges fmm ano-

"\:‘_. i‘i:;f_‘malously wet to extr-e'ne dr'ought classes. 'I'ne PDI has r'ecogqized

;':‘:iv"; ;;L_r,nitations and must be'tested to deter'nﬂne 1ts usefulness in a

‘f)'ar"ticular' region before 1t 1s used operationally.

2)

R—Index (yao, 1969)

'I'ne R-Index, the ratio of actual evapotr'anspir'ation to potential

R 'evapotr'anspir'ation, has been widely used as a rmistur'e str'ess indi-

e cator for' cr'op assessment and particular'ly for 1and use studies

(see Ravelo and Steyaert, 1981 and Steyaert et al, 1981)
3). |

Soil Moisture Index (Ravelo and Decker, 1979)

The soil molsture Index is defined as the r'atio ~of‘ the bs __ed

i ;..V.'.plant available soll moisture to ‘the rraxirmnn potential 5 available

- soil molisture.




4) Z-Index (Palmer, 1965)

- ;Iiie PDI uses the Z-Index which scales observed conditions according

| - to the normal or "reglonally appropriate" conditions. Sakamoto
~((1978) used the Z-Index in statistical climate/crop yleld rmdeling

for Australia.

5) Yield Moisture Tndex (NOAA/CEAS)

S~ The Yield Moisture Index is a very straight forward A
agroclimatic/crop condition index which is based on welghted cunu—
 lative ratnfall during the crop growing season. It makes minimal
: ~assumptions (e.g. on soil moisture and PET estimation) and is :
*vdefined as: A e

YMIJ the Yield Moisture Index for "'the Jth cr‘op (e,

maize, wheat: ebc ) -
Pi 1s the pr'ecipitation for the 1th crop growth stage |
‘(1—1 N) with P4 < so:Ll rmistur'e field capacity, and.

: KCi 3 is the appropr'iate cr'op coefficient for ith cr'op gr'owth
,.;stage and the jth crop as detemined from Table 3 7 with

fmador' cr'op stases of planting (1—1), vegetative ‘1-2) and
‘,,'the r'epr'oductive/flowering (1=3). -

As dif ussed by Steyaer't et al (1981), this index uses cr'op coefficients to
welgh rainfall during the growing season accor'ding to the r'elative water- _
r'equirement between crop 3tages. For example, Table 3 7 shows that water 1s of
most importance to the crop during the critical flower'ing stage. 'I'his is one of
the primary agr'oclimatic 1ndices used by CEAS in drought/cr'op condition ,
assessments (Steyaert, Ravelo and Sakamoto, 1980). B

g3



The YMI for maize at Huancayo (Figure 4.1) and Jauja (Figure 4.2) in the
Mantaro Valley 1s proposed for test and evaluation. Malze was chosen because it
is reglonally important, vulnerable to drought and a good indicator of climatic
Impact on other weather sensitive crops. Ttie YMI was calculated from monthly
rainfall (not censored to field capacity) ‘the cmp calendar' for maize in the
Mantaro Valley and the crop coeff'icients pr'ovided in Table 3.7 'lhe index is
‘ expr'essed in percentiles in Figures ll 1 and‘ ll 2. It can also be expressed in
raw form (units are millimeters) or as a percent of normal. Tables 4.1 and 4.2
pr'ovide the index values expressed in the above manner and for each truncation

i.e., Maiz9 planting, Maiz9-10 = planting/emergence, through Maiz9-2 =
planting in September through flowering/silking in February. The index is
calchlated for each year during the period 1962-1980. Individualized YMI ‘jndi-
ces can also be computed for other crops which have different water"’ |
requirements. | ‘ | «

This prelininary index must be tested and evaluated at each 1§cat1oﬂ; to
determine the fr'equency that it detects drought, misses in. dr'ought r'elated crop
,_1failure or gives a false indication of‘ crop f'ailur'e due to drought. Episodic
:;:data can be used for testing, determining the other factor's assoclated with
| failure of malze, and "calibrating" the index. That is, the critical
»thr'eshold values for a "normal" cr'op, drought impacted crop or Crop f‘ailur'e due
to drought. - | | o : |

If Justif‘ied by test and eval uation, this simp]e index can pr'ovide reliable
tiirxely, yet quite 1inexpensive inf‘or'mation on potential crop failure. Early
waming ‘can beprovided by at least 30 ‘days before harvest and this may repre-
sent a 1-6 month alert bd‘ore mar'ket prices change. Furthehmfe, a skilled

9”:.
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MAIZE INDEX
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assessor' can conver't the relative crop yield information into a maize pr'oduction

estimate, This can be used to supplement and complement crop forecast infor'-t ‘

mation obtained from other sources (e.g., area frame probability sampling, the.
f'ar'mer-, economic ailalysis, or statistical climate/crop yield forecast models).

D. Statistica.l Climate Crop Yield Fbrecast Models for the Mantar'o Va.lley ‘,

Statistica.l climate/cr'op yleld models were developed for wheat, bar'ley,
sweet corn, fleld com, gr'een peas, dry peas, green lima beans dry lima beans
and potatoes in the Mantaro Valley (Table 4.3). Although ttruse preliminary
models require thorough test and evaluation, they are very prorﬁising. Testing
should include evaluation of independent predictions for years not in the data
base. V’I'ne predictor vé.r'iables 'in the models should be validated to ensure that
they are biologlcally related to the crop and r'eflect vulner'ability of the cr-op _
to climate anomalies which lead to yleld 1osses. i | : |

Two types of varlables were used to develop these linear' r'egr'ession models.
Monthly precipitation and temper'atur'e were used as pr'edictor' var'iables for the
barley, wheat, dry and green lima beans m)dels shown in Figur'es ll 3-4 8 |
respectively. Derlved variables (R-Index and. Z-Index) wer'e used to develop
additional models, for example, Figure 4.9-4,12, |

The linear regression models have the form:
P N
Y=ay +a) (Trend) + F asXy
1=2

where: .
- *Y 1s the predicted yleld (mt/ha),
ao is the r'egr'ession constant (i.e., inter'c:ept‘): ,

‘8 1s the estimated regression coefficieﬁt'fdbithetylvi"r'yijear.'f;?i"t:r"‘eritdf"‘_v,f‘li;,‘
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TARLE 4.3

PERU
inéiimiﬁéby"Statisticél Climate/Crop Yield Forecast Models for the Mantaro Valley, Peru.l
L ,i}_ weather Variables N i
Crop - - Crop Bo Trend | Bl B2 B3 Re% | Stendard | Harvest| Crop
. Variable Error of | Month Forecast
’ ' Estimate Month
Barley. XYID1 1.3240 P-4 | T2 80.0 | .0363 Jun May 1
R .00098 -.0404
Parley» XYILD1 .7579 P2-4 T2 T4 93.2 | .0237 Jun May 1
o .00133 -.0944 .0976
Wheat XYLD3 9051 .0278 LPll—ﬁ 79.6 | .0533 Jun Feb 1
.0007 .
Wheat XYLD3 .9067 | .0357 LP12§i 76.8 | .0568 Jun Feb 1
.000 .
Field Corn XYLD4 1.0488 .0136 | P1 67.5] .0350 May Feb 1
.0007 -
Sweet Corn XYLDS 6.5478 P2—Hg 66.1] .1418 Mar May 1
.003
#ﬁEy Field Peas XYLD6 1.6474 | ,0212 | LT10 68.0 | .0507 Apr Nov 1
Dry Field Peas XYLD6 9793 LP118 54.4 | .0506 Apr Dec 1
.001 ,
Green Peas - XYLD7 ~9.97138 1578 | LT11 73.6 | .5619 Mar Dec 1
‘ 1.1127 .
Dry Lima Beans XYLD3 2.8108 | .06L46 Lﬂié 86.0 | .0850 Apr Dec 1
-.1585 o
Dry Lima Beans XYLD8 L7174 LP11 81.9 | .089L Apr Dec 1
. 0055 o
Green Lima Beans XYID9 6.9740 [ .0780] P2-3 93.4] .1572 Mar Apr 1
~.0097 S
Green Lima Beans XYLD9 8.6425 | 1662 LE%% 76.2 | .2987 Mar Dec 1 -
e 3 3 ) ]
Traditional Potatoes | XLYD1O | 1.6873] .4942 P2-u6 99.5 | .1000 May May 1
.005
HYV Potatoes XYLDI1 §.8643 Pi-3 T76.4 ] .3555 Apr Apr 1.
; .0101 S
Notel: Bo is constant; Trend is "Trend coeff"; Bl, B2, B3 are weather variable coefficents, R2 is

explained varlance; standard error of estimate is in mt/ha.




var'iable defined a

time (1 2 3 and acting as a sum:'ogate for-

technology if technological tr'endf was in‘l he: yield data and
ai is ‘the ith estimated r'egr'ession coeff‘icient I‘or' the ith meteor'ologi—
cal predictor varizble, X1. B S S
: Table ll 3 summarizes all of the models which wer'e developed. The var'iable,
coeﬁ‘icients, explained variance (R2), standar'd error and for'ecast months
are indicated. Statistics are also indicated on each Figure. .

These models are all statistically siglificant. The’ physical or biological
significance of the predictor variable has to be verified. This 1s particularl.
true for mdels based on derived indices. However, at the time of this report,
the available information on agricultural practices in the valley, the known
vulnerability of crops to climate and also results of field experiments suggest
that the models based on rainfall and temperature are valid. The algebraic
slgns on the coefficlents appear to be agronomically and blologically : -
meaningful., Additional years should be added to the models to accountfor'a
larger range of climatic conditions. " | ,

The explained variance of the models ranges from about 54 ll per'cent for' one
of the dry fileld peas models to:99.5 percent for the model on tr'aditional ‘
potatoes.. Most of the R values are in the 80 percent range. Because tech-
nology trend in the yleld data may account for a large portion of the R2» this
statistic can be somewhat misleading. A 6'0-70 percent R2 for a model with no
yleld technology time trend 1s potentially a very useful model. In the case of
the tr'aditional potatoes m)del m)st of‘ R2 is due to trend; however, fluc-
tuations in yield appear' to be r'elated to r'ainfall during Febr'uar'y-Apr'il. :
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BARLEY CROP YIELD MODEL
MANTARO VALLEY, PERVU

_MODELO1

“MADEL: .

006593243 F RATT0 10.15
SR 38 20 5 PROB>F - 0,073
“DEP._van? xyLDL: SE 0.001318549 R=SQUARE 0.802¢4
o - PARAME TER STANDARD
VARIASLE DF . EsTIuMATE ERROR T RAT1O PROB> | T
INTERCEPT © = | 1,324375 Uy 22823 5,7975 0.0022
p2_4 SR «0009812133 0.0002757045 3.6247 0.0151
15-* R 10 090.035%97 0.017405 -2:3095 0.0690

P PREDICTED.

P TP

“.Figure 4.3. Comparison of Actual Barley Yield (MT/Ha) for
- the Mantaro Valley, Peru, and Regression Model Fit for

- Predicted Yields Based on the Cumulative Precipitation

- February-April and the February Temperature

Comparacion entre los Rendimientos de Cebada en el Valle del
Mantaro y los Rendimientos Estimados Basados en 1la Precipi-

tacion Acumalada en los Meses Febrero-Abil Y la Temperatura
de Febrero



YIELD (mt/ha)

BARLEY CROP YIELD MODEL
MANTARO VALLEY, PERU

MODEL: “4duELn)

st 0.00224531/ Faatlo oldgun
E g X - > [}
DEP.VAR:. XYLD!L 4SE 0. 00SA13292 R=SOUARE v.9327
L L FARAME TER STANDAR)
TVBRIAGLE . . UF  ESTIMaTE ERRO< T RaT10 PROB> IT)
- INTERCERT 1 U, 157471 0,252283 3.004]) v.0398
B¢ 4 } 20013194 V0002143795 5,1543 0.0035
127 ~0.054493 0.02237% -4,1860 v.0139
CTe 1 0.097639 0.035062 ~.2.7831 0.0497

" P=PREDICTED
YZACTUAL

L R T B S T S R T i T el
R : YEAR ' - R

Figure 4.4. Comparison of Actual Barley Yield (MT/Ha) for
the Mantaro Valley, Peru, and Regression Model Fit for Pre-
dicted Yields Based on Cummulative Precipitation February-
April, February Temperature and April Temperature

Comparacion entre los Rendimientas Observados de Cebada en
el Valle del Mantaro, y los rendimientos Estimados Basados
en la Precipitacion Acumuloda en la Meses Febrero-Abril Yy
las Temperaturas de los Meses Febrero y Abril
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YIELD (mt/ha)

OM=—CMB T

WHEAT CROP YIELD MODEL
MANTARO VALLEY, PERU

'MODEL!  MODELOI 3 0.010184.

, DFE O PR i g,
DFP VAR: XYLDJ ; 4SE 04002697315 . R-SQUARE L Ty

L . . PARAMETER STANDARD - W il oo
VARIABLE ~ ~  DF ' ESTIMATE ERPO1 T RATIO - PRUB>ITI
" INTERCERT Tl 0.d96%387 0.097178 C 9420870 5 u.0001
TRN o 04026182 0.0U8T 374t 18997 040040
LP1l_) L 0.0001919315 0.000293714 2.6956 0s035

'_FiQUre 4.5. Comparison of Actual Wheat Yields (MT/Ha) for
~‘the Mantaro Valley, Peru, and Regression Model Fit for Pre-

dicted Yields Based on Cummulative Precipitation November-
January

Comparacion entre los Rendimientos Observados de Trigo en el
Valle del Mantaro y los Rendimientos Estimados Basados en 1la
Precipitacion accumulada en los Meses Noviembre-Enero
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‘MODEL? MODEL 01

LIMA BEANS (DRY)
- CROP YIELD MODEL MANTARO VALLEY, PERU

B?E ('.Dlohlbg EQS&T;O 17.93‘
LR ] .
DEP VAR: XYLOUW 9SE  U.007364175 R=SOUARE . RETE
‘ . PARAME TER STANDARD S

VARIABLE OF ESTIM4ATE ERRO? T RATID PROB> | T |
INTERCERT ) 2.d59366 04694542 4,1163 v.0062
RND ¢}>- 0063966 0.011260 2e8)%8 e :
LTl b -00162262 0:034583 325040 9:03
| AR , 5

1.5 L 4 Y.

|- P=PREDICTED

‘;f”va‘rrUAL
--»-‘--0‘------0------ 0’--6-’-’-0-"---{-‘-’"”'-;-v"-'--Q -v-‘----Q;_--l--Q

71 72 73 Te 7S 76 71 78T

Py
PELS BEN :| BE

Figure 4.6. Compafiébn of Actual Lima Beans (Dry) Yiéldéﬂ“

 u(MT/Ha) for the Mantaro Valley, Peru, and Regression
“Model Fit for Predicted Yields Based on November

Comparacion entre los Rendimientios Observados de Haba
(Grano Seco) en el Valle del Mantaro y los Rendimiento B

- Estimados Basados en la Temperatura de Noviembre
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LIMA BEANS (DRY)
- CROP YIELD MODEL MANTARO VALLEY, PERU

: ; «057435 F RATIO 30,57
MODEL ¢ MODELO] BFSE V.05 -0.!:; Fanare RO
DEP VAR: XYLD3 MSE  0.00820>0) R=SHUARE v.8137
' ' PARAME TER STANDARY
VARIABLE OF. ESTIMATE ~ ERROR T RATIO FPRUG>ITI
; Sl 0,T1B771  0.08290b A, 7647 VOVl
LofReERT -1 70400565122 0.0009959513 5e9249 v.0009

[ QS LA S LI IO -tmmm-

ST5 % 1778 5 8o
YEAR R '

“Figure 4.7, Comparison of Actual Lima Beans (Dry) Yields
~.(MT/Ha) for the Mantaro Valley, Peru, and Regression Model
,Fit for Predicted Yields Based on November Precipitation

fComparacion entre los Rendimientios Observados de Haba

(Grano Seco) en el Valle del Mantaro Y los Rendimiento
Estimados Basados en la Precipitacion de Noviembre
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LIMA BEANS (GREEN)
CROP YIELD MODEL MANTARO VALLEY, PERU

LD A MOUELY]

“SE 0e13519/ F RATIO 46,15

. DFF 5 PROH>F v.0002

DEE vad: KYLUY 4SE V.022533 #=30UARE 0.9390
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Figure 4.8, Comparison of Actual Lima Beans (Green) :
Yields (MT/Ha) for the Mantaro Valley, Peru, and Regres-
sion Model Fit for Predicted Yields Based on Cummulative
Precipitation February-March

Comparacion entre los Rendimientos Observadcs de Haba
(Grano Verde) en el Valle del Mantaro y los Rendimientos

Estimados Basados en la Precipitacion Acuiulada en los
Meses Febrero-Marzo
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Figure 4.9 . Comparison of Actual Wheat Yields (MT/Ha) for
.the Mantaro Valley, Peru, and Regression Model Fit for
Predicted Yields Based on the RI-Index for October

Comparacion entre los Rendimientps Observados de Trigo en

el Valle del Mantaro y los Rendimientos Estimados Basados
en el Indice-RI para el Mes de Octubre
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'Figure 4.10.. Comparison of Actual Wheat Yield (MT/Ha) for
the Mantaro Valley, Peru, and Regression Model Fit for
Predicted Yields Based on the Z-Index for March

Comparacion entre los Rendimientos Observados de Trigo en

el Valle del Mantaro y los Rendimientos Estimados Basados
en el ‘Indice-Z (Palmer) para el Mes de Marzo
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Figure 4.11.

(MT/Ha) for the Mantaro Valley, Peru, and Regression Model
‘Fit for Predicted Yields Based on the March Z-Index
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As inaicated in ‘Iable 4,3, the forecast:leadtime (i.a.v, datc of ror'ecast

compar'ed to hawest dat hr'ee monty, 1ead times are not
unusual. .

- ‘E ‘I'he agrcclimatic/crop condition 1ndices and statistical models can
poten’cially be used to pr'ovide climatic impact assessments t‘or decision makers.

Sever'al""‘differ'ent types or lmdels shou'l.d be used
‘I'hese can 1nclude | |
A‘;l) rmnthly rainfa’ 1 maps expressed in total rainfall and as a per'cen'c
, of normal. These should be interpreted according to crop calendars
" and known crop vulnerability.
"‘.“‘2) the YMI, PDI and other indices.
3) Vf.i:he‘;lstat&;istic'al/ciinate crop yleld modei.s. v
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CHAPTER V
' RECOMMENDATTONS FOR PROGAM IMPLEMENTATION -
~ BND FUTURE WOR{ IN PERU

This training in Agrometeorologlcal As sessment Models at NOAA/CEAS,
Columbia, Mo., 1is part of a proposed Natioial Agrometeorological Assessment
Project for Peru, in which the following Iistitutions will participate: |

o Instituto Nacional de Investigacion y Promocion Agraria - INIPA :
(Institute for Agricul.tural Resear'ch and Extension of the Ministr'y
“‘tof Agr'iculture, Lima). | .

o Ser-vicio Nacional de Meteorologia e Hi dr-ologia (National Weather'

| | Ser'vice, Lima). _
0 Univer'sidad Nacional Agr'ar'ia - La Molina (National Agrar'ian B

University - La Molina, Lima)
The main goal of this proJect is to incr'ease the national agr'icultur'al pr'o-
duction through an optimum use of the agr'oclimatic resources of the countr'y and

by mitigating the impact of weather and climate anomalies to cr'ops.

Project phases

The proJect consists of the following phases:

1. Training: Training in Agrometeorological Assessments Nbdelsa
NOAA/CEAS, in Columbia, Missouri (USA).
2. Test and Braluation of Models: The models developed dur'ing the tr'aining

~are to be tested and evaluated with futur'e yield Additional neteor'olog-
ical and crop yleld data should be consider'ed for' testing pur'poses

, befor'e the rmdels rray be released to user's.
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3';' ‘Regional Assessment: The Mantaro Valley of Peru was selected to perform

| the agrometeorological assessment. 1In this phase the agrometeorology of
the majJor crops of the Valley will be determined in order to make further
adjustments to the models, if needed.

4, National Assessments: Here we must include agrometeorological

assessments for other agricultural regions in Peru, especially those with
vdiffer'ent agroclimatic éonditions than thése of the. Mantaro Valley. At
this point, it is ‘hope}d that the agrometecrnlogical assessments will not
“constitute the sub,Ject of a project, rather one of the maln tasks of ocne
- Institution in Peru. This means it should have permanent staff as well
a‘sfits' on budget. o |
Parallel to these steps, tﬁer'e is ;1 need for constant improvement and
availability of climatological and agricultural data needed for modeling. There
1s also the need for a good network of agrometeorological observatlon stations.
Ianmatir)n concerning the phenologlcal stages of the main crops in each region
or sub-rfegion should be obtained and analyzed together with the available clima-
toldgifial information. More weather stations for basic measurement of extreme

temper'atur'es should be installed in each agricultural area of the Sierra and

- Selva. Knowledge of local agricultural practices constitutes an important

- requirement for the modeling as well as for testing the models.
Implementation needed for an Agrometeorological Assessment in Peru

If 1t 1s not possible to improve the network of weather stations,
~ then meteorological satellite Information would be useful. This is especially
true for Peru where many natural factors such as ocean surface, the Andes and

- the great jungle (Selva) limit and make it difficult to coordinate surface
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weather ififonnatio’ri from diff}er‘enjtf ‘:?egi'ons. rweteomlogical satellite infopr-

mation iwould permit us to nmiitor weather systems, rainfall, drought conditions, l’
the stage of development of cr-ops or the different types of vegetation. It is
recommended very strongly that satellite inf.‘omation be made avaliable to those

involved In the assessment,pr'o,ject.

Due to the amount and riatu_r'e"of.‘v‘ the calculations, regressions, tests, and
manipulation of theidata it is necessaﬁy to use a computer. In this case, >
there are two possibilities so that the computing part of the project may be
eased. First, we should use a language which will not require much time for
programning. This i1s the case with the SAS language which has several statist~.
ical subr_'outines and procedures to manipulate the data easily. Because mdeling
requires the use of different statistical procedures, it would be recommended to
obtaln such a system as SAS. A second possibility is to have an inexpensive,
easy to handle rn.‘l.cr'ocomputer". It is highly desirable that the modeler have
direct and easy "hands on" access to such a small computer. One may ask if the
country is able to suppor'ti this kind of pr'o,ject s especially considering these |
requirements. 'Ihgt ié why 1t would be desirable and of great benefit to Peru
| should we get some technical and financial support from other countries which
are working along these lines. Thus, suppirt for the implementation as well as
for' answering specific questions of assessinents, especially during the first
‘stages of the project are needed. Later on, as the project itself shows Some
.' i_positive r'esults, the govemment: of Peru may or should partake in the
| assessment of all -reglons of the countr'y w1ich ar'e involved in agr'icultur'al '

‘production.
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o CHAPTER VI

CONCLUDING REMARKS
'Ihr'ee types of.‘ agroclimatic assessment models were developed for the Mantaro
' vValley, Junin Department Per'u and are ready for test and evaluation. These
include 1) Pr'elinﬂnar'y models for providing ear'ly waming crop/frost advi-
sories to farmers so that possible actions can be taken to mitigate disastrous
f‘r'ost damage to crops, 2) crop water demand and water balance models to estimate
potential evapotranspiration by methods appropriate for land use studies in the
Valley and possibly'other' areas in the Sierra and 3) statistical climate/crop
yield forecast models and agroclimatic/crop condition indices to provide crop
yleld and production information by at least 30 days before harvest.

Recommendations on how these agroclimatic rrbdels can be used to support the
plaiming, development and implementation of & National Agrometeorological
Assessment Project for Peru are discussed. The models can be used to prepare
climatic impact assessments. Timely, r'e‘liable,_ yet 1nexpensive assessment
‘Information can be provided to decision makers and planners involved with econo-
mic anclysis and forecasting, land use studies, agricultural planning and f'ural
development. This information on climatic impact can supplement_: vinfomnat’:ion
.der'ived from other sources in a complementary manner.

'Ihe data and technical resources to implement a project already exist in
Per'u‘, Minimal Suppor't 1s needed for a reglonal project which can demonstrate
the economic benefit ahd value to decision makers and users. This can lead to a
national program which der'ives maximum benefit from agroclimatic rrodels and

assessments.
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~ APPENDIX A -

Statistical Analysis and Monthly Meteor'ological Data ;
. for' the Mantaro Valley R
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