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RINGKASAN

Irfan Budi Pramono, T741408001. Peran Hutan Pinus sebagai Pendukung
Keberlanjutan fungsi DAS di DAS Kedungbulus, Kebumen, Jawa Tengah. Disertasi.
Program Pascasarjana Universitas Sebelas Maret Surakarta. Pembimbing: Prof. Dr. Ir.
M. Th. Sri Budiastuti, MSi.(Promotor), Prof. Dr. Totok Gunawan, MS.(Ko Promotor 1),
Dr. Wiryanto, MSi (Ko Promotor II).

Daerah Kabupaten Kebumen sering mengalami masalah tata air, banjir pada
musim penghujan dan kekeringan pada musim kemarau. Tutupan lahan di hulusungai-
sungai di Kabupaten Kebumen merupakan hutan pinus. Diharapkan hutan pinus di
daerah hulu dapat mengatasi masalah banjir dan kekeringan. Namun kenyataan daerah
Kebumen setiap tahun masih mengalami banjir dan kekeringan sehingga keberadaan
hutan pinus dalam mengatur tata air masih dipertanyakan.

Penelitian ini bertujuan untuk: (1) Mengidentifikasi keragaman biogeofisik yang
berpengaruh terhadap respon hutan pinus terhadap hidrologi pada setiap sub DAS, (2)
Mempelajari tingkat aliran (debit dan volume) banjir, aliran dasar, aliran rendah, dan
hasil air pada berbagai luas hutan pinus, (3) Mempelajari peran hutan pinus dalam aspek
social dan ekonomi masyarakat desa sekitar hutan, dan (4) Menemukan peran hutan
pinus sebagai pendukung keberlanjutan fungsi DAS di sub DAS Kedungbulus.

Lokasi penelitian di DAS Kedungbulus, Gombong, Kabupaten Kebumen, Jawa
Tengah dengan ketinggian tempat berkisar antara 80- 250 m dari permukaan laut (dpl).
Luas hutan pinus pada setiap sub DAS bervariasidari 7% sampai dengan 95% dari luas
sub DAS. Penutupan lahan lain berupa tegalan, sawah tadah hujan, semak belukar,
pemukiman, dan padang rumput. Penelitian ini merupakan penelitian eksploratif-
deskriptif dengan teknik pengukuran tata air dan wawancara secara langsung.
Keragaman biogeofisik dilakukan dengan pengukuran karakteristik DAS seperti bentuk,
kelerengan, geologi, tanah, serta tinggi, diameter, dan kerapatan tegakan pinus
Penentuan luas hutan pinus dan tutupan lahan lain dilakukan melalui interpretasi citra
World View dan pengecekan lapangan. Puncak dan volume banjir dipilih dari
pemantauan tinggi muka air otomatis dengan logger “Hobo”. Pemisahan aliran dasar
dan aliran langsung menggunakan program “Hydro-Office” paket software khususnya
program BFI+ 3.0. Hasil air diukur secara langsung berdasarkan pemantauan debit
harian dan prediksi dengan metode neraca air ‘“Thorthwaite & Mather”. Setiap
parameter hidrologi seperti puncak banjir, volume banjir, aliran dasar, dan aliran rendah
dihubungkan dengan luas hutan dan dievaluasi hubungan antara variabel bebas dengan
variabel tidak bebas tersebut menggunakan persamaan regresi dengan menggunakan
program “Microsoft Office Excel 2007”. Peran hutan pinus dalam peningkatan
pendapatan petani sekitar hutan dilakukan dengan wawancara terstruktur.

Hasil penelitian menunjukkan bahwa (1) Keragaman biogeofisik pada setiap sub
DAS hampir sama. Komposisi kelas lereng yang dominan yaitu kelas lereng 25% -
45%. Bentuk setiap sub DAS hampir sama yaitu bulat dengan nilai Rc sebesar 0,52
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sampai dengan 0,68. Geologi di DAS Kedungbulus didominasi oleh formasi
Waturondo. Jenis tanah hanya ada dua yaitu Dystropepts dan Tropudalfs. Tinggi pohon
pinus bervariasi dari 20,2 m sampai dengan 24,93 m, kerapatan pohon bervariasi dari
388 pohon/ha sampai dengan 473 pohon/ha. Diameter pohon setinggi dada (DBH)
bervariasi dari 27 cm sampai dengan 40 cm. Variasi kondisi biogeofisik DAS
Kedungbulus terlihat bahwa setiap sub DAS mempunyai kondisi biogeofisik hampir
sama menyebabkan respon hutan pinus dari air hujan menjadi aliran juga hampir sama.
Kondisi tersebut menunjukkan bahwa yang membedakan respon hidrologi antar sub
DAS adalah luas penutupan hutan pinus. (2) Kemampuan hutan pinus untuk
mengurangi puncak banjir terjadi pada saat curah hujan satu kali kejadian kurang dari
70 mm. Ketika hujan yang terjadi >70 mm, puncak banjir spesifik dari berbagai luas
hutan memiliki hasil yang sama. Puncak banjir spesifik sama terjadi karena intensitas
curah hujan tinggi dan kelembaban tanah sebelum (KTS) juga tinggi. Untuk volume
banjir, makin luas hutan pinus dalam suatu DAS maka volume banjir spesifik makin
kecil, namun pada hujan >70 mm makin luas hutan pinus, volume banjir spesifik
makin besar. Hal ini terjadi karena hutan pinus sudah tidak mampu lagi menahan air
hujan pada intensitas lebih dari 70 mm per kejadian hujan. Untuk hasil air, makin luas
hutan pinus dalam suatu DAS maka hasil air makin sedikit. Hasil air dari sub DAS
dengan hutan pinus seluas 7% sebesar 1.520 mm / tahun. Sementara, DAS dengan
hutan pinus seluas 95% dari luas DAS menghasilkan air lebih rendah yaitu 1.289
mm/tahun. Untuk aliran dasar(base flow) , makin luas hutan pinus, aliran dasar
cenderung makin kecil, namun pada hujan tinggi (>70 mm) makin luas hutan pinus
aliran dasar makin besar. Untuk indek aliran dasar (BFI), makin besar luas hutan pinus
maka BFI cenderung naik. BFI adalah perbandingan aliran dasar dan total aliran. Makin
tinggi BFI maka kondisi DAS dalam menyimpan air makin baik. Pada luas hutan 43%
nilai rata-rata BFI=0,55, sedangkan pada luas hutan 75% nilai BFI=0,75. Untuk aliran
rendah, makin luas hutan pinus maka aliran rendah (low flow) makin tinggi, (3) Hutan
pinus berpengaruh dalam aspek social dan ekonomi masyarakat desa sekitar
hutan..Aspek social meliputi pengurangan penggangguran untuk mengerjakan
penanaman, perawatan, penyadapan getah, dan penebangan pohon pinus. Selain itu,
konflik lahan tidak banyak terjadi pada hutan pinus karena masyarakat sekitar hutan
pinus tergantung pada penyadapan getah pinus. Pencurian kayu di hutan pinus tidak
banyak terjadi karena kayu pinus kurang mempunyai nilai ekonomi. Hal ini disebabkan
oleh adanya getah di dalam kayu pinus yang cukup tinggi sehingga tidak sesuai untuk
kayu pertukangan. Aspek ekonomi meliputi peningkatan pendapatan masyarakat dari
penyadapan getah pinus. Hasil dari penyadapan getah pinus ini memberikan tambahan
pendapatan masyarakat di sekitar hutan pinus sampai 73% dari total pendapatan rumah
tangga. (4) Hutan pinus mempunyai peran dalam mendukung keberlanjutan fungsi DAS
yaitu mampu mengurangi puncak banjir sebesar 80%, mengurangi volume banjir
sebesar 76%, dan meningkatkan aliran rendah sebesar 88% dengan penambahan luas
hutan pinus sebesar 57% dari luas DAS. Namun demikian hutan pinus ternyata
mengurangi hasil air tahunan sebesar 15% dengan penambahan luas hutan sebesar 87 %.
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Dari hasil penelitian ini dapat disimpulkan bahwa hutan pinus mempunyai peran
dalam mendukung keberlanjutan fungsi DAS yaitu mampu mengurangi puncak banjir,
mengurangi volume banjir, dan meningkatkan aliran rendah. Namun demikian hutan
pinus ternyata mengurangi hasil air tahunan. Peran hutan pinus dalam mendukung
keberlanjutan fungsi DAS dapat dioptimalkan dengan menerapkan tehnik-teknik
konservasi air seperti rorak dan teras serta mengubah metode penyadapan dari system
kowakan menjadi system sersan terbalik agar pohon roboh akibat penyadapan dapat
dihindari.

Kata kunci: peran hutan pinus, banjir, aliranrendah, hasil air, pendapatan petani



SUMMARY

Irfan Budi Pramono, T741408001. The role of pine forest to support
sustainability of watershed functions in Kedungbulus watershed, Kebumen, Central
Java. Dissertation. Postgraduate Program of Sebelas Maret University Surakarta.
Supervisor: Prof. Dr. Ir. M. Th. Sri Budiastuti, MSi. (Promoter), Prof. Dr. Totok
Gunawan, MS. (Co Promoter 1), Dr. Wiryanto, MSi (Co Promotor II).

District Kebumen often experiences water problems, flooding in the rainy
season and drought during the dry season. Land cover in the upper watershed at
Kebumen is pine forests. It is expected that pine forests in the upstream areas can reduce
the problem of floods and drought. However, in fact Kebumen area every year still
experiences flood and drought so that the existence of pine forest in regulating the water
system is still questionable.

Based on the problems a study has been conducted with the purposes to: (1) to
identify biogeophysical variations that affect pine forest responses to hydrology on each
sub-watershed, (2) to study the flow rate (flows and volumes) of flood, base flow, low
flow, and water yields in sub-watershed covered by various pine forest areas, (3) to
study the role of pine forests in social and economic aspects of the rural communities
around the forest areas, and (4) to obtain the role of pine forest as supporting aspect of
the sustainability of watershed function in Kedungbulus sub watershed.
Research site is located in Kedungbulus watershed, Gombong, Kebumen regency,
Central Java with altitute range from 80-250 m from mean sea level (msl). The area of
pine forest on each sub-watershed varies from 7% to 95% of the sub watershed. Other
land covers are agriculture dry field, rainfed rice fields, shrubs, settlements, and
grasslands. This research is an explorative-descriptive research with water flow
measurement technique and depth interview. Biogeophysical diversity is observed by
measuring watershed characteristics such as shape, slope, geology, soil, and height,
diameter and pine density. Determination of pine forest area and other land cover are
conducted through interpretation of World View imagery and field checks. Flood peaks
and flood volumes are selected from automatic water level monitoring with the "Hobo"
logger. Base flow and direct flow separation were conducted using the program "Hydro-
Office" software package especially BFI + 3.0 program. The water yields are measured
directly based on daily discharge monitoring and prediction using the "Thorthwaite &
Mather” water balance method. Each of the hydrological parameter which are flood
peak, flood volume, base flow, and low flow as the depended variables is regressed to
forest area as an independent variable The role of pine forests in social and economic
aspects is done through structured interviews and secondary data.

The results showed that (1) The biogeophysical variabilities in each sub
watershed were almost the same. The dominant slope classes were similar with the
slope class 25% - 45%. The shape of each sub-watershed was almost the same with Rc
value of 0.52 to 0.68. Geology in the Kedungbulus watershed was dominated by the
Waturondo formation. There were two dominant soil types which were Dystropepts and
Tropudalfs. The height of pine trees varied from 20.2 m up to 24.93 m, tree density
varied from 388 trees/ha to 473 trees/ha. The diameter of the tree at breast height (DBH)
varied from 27 cm to 40 cm. Due to similarity of the biogeophysical conditions of the
sub-watesheds, therefore the hydrological responses of each sub-watershed were



considered caused by the differences of pine forest areas. (2) The ability of pine forests
to reduce the peak of floods occurs when the single rainfall was less than 70 mm. When
a single rainfall was more than 70 mm, specific flood peaks from different forest areas
have similar results or patterns. This condition occurred because of high rainfall
intensity and antecedent soil moisture content. Flood volume and forest area had a
negative correlation until a single rainfall depth of 70 mm. When a single rainfall depth
more than 70 mm, there were no correlation between flood volume and pine forest
areas, various pine forest areas had similar specific flood volume. Water yield and forest
area has negative correlation. Water yield from the sub-watershed with pine forest area
of 7% was 1,520 mm/year. Meanwhile, sub-watershed covering by 95% of pine forests
area produced lower water yield that was 1,289 mm/year. Base flows and forest areas
had negative correlation for rainfall <70 mm. However, for rainfall > 70 mm, there was
positive correlation between base flows and forest areas. Base flow index (BFI) and
forest area had positive correlation. In the sub-watershed with forest area of 43%, the
average value of BFI = 0.55, while in the sub-watershed with forest area of 75%, the
BFI value = 0.75. Low flow and forest area had positive correlation. (4) The pine forest
affected the social and economic aspects of the village community around the forest
areas. The positive social aspects from pine forest areas were the reduction of
unemployment to work on planting, grooming, tapping sap, and logging pine trees. In
addition, land conflicts did not occur in pine forests because the community around the
pine forest depended on tapping pine resin. Lack of illegal logging occurred in the
pine forest because pine wood had less economic value. This was due to the presence of
sap in the pine wood was high enough that was not suitable for wood carpentry. The
economic aspect resulted from the availability of pine forests were the increase of
public incomes from pine sap tapping. The results of this pine resin provided an
additional income to the surrounding pine forests up to 73% of total household income.
(5) Pine forest had a role in supporting the sustainability of watershed function that was
able to reduce the flood peak by 80%, reduced the flood volume by 76%, and increased
the low flow by 88% with the addition of pine forest area of 57% of the watershed.
However, pine forest reduced annual water yield by 15% with the addition of 87% of
forest area.

It can be concluded that pine forests have a role in supporting the sustainability
of watershed functions that are able to reduce the peak flood, reduce the volume of
floods, and increase the low flow. However, pine forest reduces annual water yields.
The role of pine forests in supporting the sustainability of watershed functions can be
optimized by applying water conservation techniques such as water trap and terrace and
altering the wiretapping method of the kowakan system into an inverse sergeant system
to prevent falling trees from tapping.

Keywords: role of pine forest, flood, low flow, water yield, social economic
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